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DYNAMO-ELECTRIC MACHINES.—No. I. 

MonsiEuR ANTOINE BREGUET, of the well-known 
Parisian firm of telegraph engineers, has recently 
published a series of very important researches on 
the theory of the Gramme machine and other forms 
of dynamo-electric and magneto-electric generators, 
in the course of which he arrives at some extremely 
interesting results, and clears upa number of points 
which hitherto have been comparatively obscure in 
the operation of such machines. Starting from first 

rinciples and the simplest experimental data, M. 
Breguet propounds the successive steps of a logical 
chain of reasoning to link the grand discovery by 
Faraday of magneto-electric induction with the 
applications of the principle in the machines of 
Gramme and Siemens. He is thus enabled to ex- 
plain a point hitherto supposed irreconcilable with 
theory, namely, the practice of electrical engineers 
in setting the ‘‘ brushes” or collectors of the current 
in the dynamo-electric machines in an oblique posi- 
tion against the commutator, and unsymmetrical 
with respect to the field magnets of the instrument. 
He not only explains this, but points out that it is 
an absolute necessity of the case, and that upon this 
position will depend whether the machine is better 
suited to be a generator or an electro-motor. He 
further explains for the first time the real réle 
played by the ring of iron in the armature of the 
Gramme machine. And lastly he elucidates the 
action of the Siemens machine, and shows that 
there is at least one method of winding the wires 
upon its armature superior to that adopted hitherto 
in practice. Itis proposed to treat in the present 
article of the earlier and more general portions of 
M. Breguet’s research, reserving an account of his 
work on the Gramme machine and on the Siemens 
machine for subsequent occasions. 

The first principle laid down by M. Breguet is the 
essential reversibility of the Gramme and all other 
dynamo and magneto-electric machines, Rotated 
by mechanical means they supply a current of 
electricity derived from the energy of asteam engine 
or other motor. But if you supply them with a 
current of electricity they will, conversely, rotate 
and turn the electricity back into mechanical energy. 
The same thing is true of all electro-magnetic 
engines or electro-motors, such as those of Ritchie, 
Page, and Froment. They are intended to rotate 
by electricity, but if you rotate them by mechanical 
means they will furnish in turn a current of elec- 
tricity. ‘Lhis principle of reversibility extends even 
to some unsuspected cases. Very early on in the 
history of magnetism, Barlow found he could cause 
a wheel or disc of copper to rotate between the 
poles of a magnet by sending a current at the same 
time perpendicularly through the disc from the axis 
to the circumference, where it passed into a pool of 
mercury arranged to make electric contact with as 
little friction as possible (Fig. 1). In 1831] Faraday 





erformed the converse experiment, and found that 
y mechanically ox a copper disc between the 
poles of a magnet, he thereby generated a current 


In a wire, the two ends of which touched the circum- 
ference and the axis of the wheel which were 
amalgamated over with mercury so as to insure 








better contact with the wire (Fig. 2). Here then 
is the simplest kind of electro-motor and dyuamo- 
electric generator, and it illustrates at the outset 
the important principle of reversibility. 








Fig. 2. 





The second matter which claims notice is the 
mutual interaction of a magnet and a conductor 
which carries a current, e sometimes ak 
loosely of the displacement of a current caused by a 
magnet when we mean that the conductor carrying 
the current is displaced. Although the term is 
convenient, it is scarcely accurate; for we must 
distinguish between mechanical force, or that which 
tends to move matter, and electro-motive force 
(so-called), which tends only to move electricity in a 
conductor. The mechanical reactions between 
magnets and current conductors which turn ma- 
chines are obviously of the former class. These 
reactions, therefore, deserve to be studied from a 
nearer point of view, by applying a principle enun- 
ciated by Faraday concerning magnetic attractions, 
and lately further extended by Professor S. Thomp- 
son to the case of the attractions between currents. 
Faraday first recognised the significance of the so- 
called lines of magnetic force, which are seen cross- 
ing in curves through every magnetic field when 
iron filings are sprinkled over it. Without neces- 
sarily attributing to these lines any physical exist- 
ence, we may conveniently employ them as Faraday 
did, to investigate and to Seabibe the actions 
between magnets or magnetic bodies. Faraday laid 
down the following properties as those possessed 
by these lines of force: Firstly, the lines of force 
tend to shorten themselves. Secondly, lines of 
force lying in the same direction side by side repel 
one another, ‘To these M. Breguet adds that a line 
of force when it passes through iron or other metal 
capable of magnetic susceptibility, must be regarded 
as if shorter than one of equal actual length assing 
through air, so that the ‘tendency to shorten" 
may exhibit itself by a ——— to run through a 
magnetic substance near at hand. 

By means of these simple principles Faraday was 
able to deduce the laws of magnetic attraction and 
repulsion from the figures formed by the lines of 
iron filings when sprinkled over the magnetic field 
whose a, ene were thus to be investigated. 
Professor “ 


the case of the attractions and repulsions exerted be- 
tween two currents and between a current and a 
magnet in a research of which we gave some account 
to the readers of ENGINEERING a few months ago. 


Fig 3. 





One of the figures obtained by Professor Thompson 
(vide Fig. 3) enables us to study the action of Barlow's 
wheel ; and this figure M. Breguet takes as the basis 


* See ENGINEERING, vol. xxvi., page 392. 











of his theory of the dynamo-electric machines, The 
two square spots show the poles of the magnet, anda 
point a little way from them represents a metallic 
conductor dicular to the Bee of the figure, 
and traversed by a current which passes downwards 
through the round spot. This current produces a 
magnetic ‘‘ field’’ all round it, which if the magnet 
were not present would consist of lines of force 
disposed in concentric circles. But in presence of 
the magnet and its radiating lines of force there is 
a mutual reaction, the nature of which can be 
learned by simply looking at the figure formed by 
the iron filings. The tendency of the lines to 
shorten would assuredly urge the conductor to- 
wards the poles of the magnet; and in Barlow’s 
wheel, where this goes on continually in the part of 
the disc lying between the axle and the mercury 
cup, the simple attraction becomes a movement of 
rotation. A current passing in the opposite direction 
through the wire would obviously urged in the 
contrary direction, or away from the magnet. 
Conversely, if the conductor were mechanically 
moved further away from the et, a current 
would be generated of te direction to that. 
which caused the motion, the electromotive force of 
the current being proportional to the number of 
lines cut by -the conductor in a second of time, 
Following M. Breguet we next pass to a con- 
sideration of the first and simplest of electro-motors, 
as shown in Fig. 4. This apparatus consists of a 








metallic conductor bent twice at right angles and 
balanced on a centre at a point X. The vertical 
branches carry little metallic jointed appendages 
which dip into the halves of a circular mercury cup 
divided across by a diametral partition into two 

ortions connected respectively with the poles of a 
colours and the whole is placed between the poles 
N S ofa magnet so placed that the line joining the — 
two poles is at right angles to the diametral line, 
The conductor rotates upon its centre so long as the 
current passes. We may consider separately the 


hompson applied the same reasonings to | action of the magnet on the two vertical portions L LI 


and on the horizontal portion H. The action upon the 
two vertical portions of the conductor is best studied 
by taking a plan of the apparatus, as shown in Fig, 5, 





which gives in diagrammatic outline all the working 
parts.. The arrow indicates the direction of the 
current, which therefore ascends at L and descends 
. L\, og — n ty the conditions — 
ere exist, and those which gave the magnetic figure, 
Fig. 3, with iron filings will show a series of lines o: 
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GAS-FIRED STEAM 








force, of which the most characteristic will be the 
S-shaped curve shown by the dotted lines. Hence 
the tendency will be to displace L' towards the top 
of the figure and L towards the bottom, and their 
positions of equilibrium will be respectively C' and 
C. But if the inertia of movement carry the 
contact-breakers past these points and make them 
touch the opposite mercury cups, the current will be 
reversed, I, being drawn towards C! and L' towards 
C. Hence there will be a continuous rotation, the 
direction of the current in the conductor being re- 
versed at every half revolution, when the moving 
wire passes through the position of equilibrium at 
C C'. A little consideration will show that the 
action upon the horizontal portion H is similar, and 
adds iteelf to the forces producing rotation. 

Now suppose that instead of the simple wire bent 
twice at right angles, a conductor be taken having 
the vertical branches prolonged into two arcs, and 
carrying, as in Fig, 6, four little jointed contact 


Fig 6 


pieces. We shall now require the mercurial cups 
to extend over 90 deg. of arc, i.¢., extending from 
C' only as far as S, and from C only as far as N. 
Had we taken eight little contact pieces, each mer- 
cury cup need only have occupied one-eighth of the 
circle, or 45 deg. of arc. the number were in- 
definitely increased, then the arcs subtended by the 
mercurial contact cup might be diminirhed down to 
mere points at C' C, These considerations hold 
equally good in the converse cases where the in- 
strument is used as a generator of currents. 

One further step remains to be considered before 
we pass on to the application of these matters to 
the Gramme machine. Instead of the single wire 
we may take a wire coiled upon a frame, as in 
Fig. 7, and having many turns. On each wire of 
this coil there will be a similar action, hence the 
total force of rotation will be proportionately 
greater when an equal current is used, In all the 
Various arrangements hereafter to be described, every 





Fig. z. 
































single wire may be considered in a similar way to 
represent a coil, and hence the figures may be made 
as simple as possible. It will be noticed that the 
single flat coil of Fig. 7 if wound upon an iron 





Fig 2. 
spindle and frame virtually constitutes an armature 
of the type introduced by Siemens, and applied by 
him in the early magneto-electric machines, and 
also recently employed by M. Marcel Déprez in the 
excellent little electro-motors which he has con- 
structed. 

M. Breguet’s application of these ideas to the 
Gramme machine and to the Siemens machines of 
— type, will be dealt with in a subsequent 
article, 


GAS-FIRED STEAM BOILERS. 

THE enormous consumption of coal which takes 
place under boilers in generating steam has always 
made any — reduction of such consumption a 
matter of the very greatestimportance. On the Con- 
tinent, where fuel is on an average dearer than in 
Eugland as well of less heating power, this question 
has always occupied a larger share of attention than 
in this country ; this is evident both in means em- 
ployed for raising steam as well as for using it after 
it has been raised. In boilers abroad we find all 
imaginable arrangements brought into requisition to 
extract the least remains of heat from the gases 
before they finally pass into the chimney, and in 
engines almost every possible and impossible scheme 
of valve gear, from the single valve up to six valves, 
to distribute the steam advantageously in one cy- 
linder, has been used. It is therefore not to be 
wondered at that under these circumstances further 
improvements are continually being sought out, the 
perfect combustion of the fuel being certainly 
amongst the most hopeful, 








BOILERS. 





























That perfect combustion hardly ever is maintained 
in practice under boilers fired in the ordinary way 
is well known, the nearest practical successes in this 
direction having been attained hitherto by the use 
of mechanical stoking, which has been used to a 
large extent, or by blowing in the fuel ina finely 

wdered state so that each particle of fuel is in 
intimate contact with the necessary amount of air 
requisite for its thorough combustion ; this latter 
system has not, however, up to the present, met 
with any extended application. Another means of 
securing perfect combustion is first to distil off the 

éontained in the coal, and subsequently to 
-_ them with a proper admixture of air, economy 
being further promoted by heating this air with the 
heat otherwise ra‘liated or lost from the boiler. 

Amongst the earlier attempts made with any 
success in this direction was that by Messrs. 
Miiller and Fichet, of Paris, who arranged a sort of 
small producer in front of the boiler below the 
level of the stokehole floor; the gas was led up 
and mixed with the air necessary for combustion 
through a number of very small holes arranged in 
an arch of fire tiles below the boiler; this arrange- 
ment had the advantage of providing for a very 
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thorough mixture of the gas and air, but was 
coupled with the defect that the small partitions in 
the tiles which formed the edges of the holes got 
quickly burned away, so that very frequent renewals 
became necessary. An economy of fuel of 32 per 
cent. is stated to have been attained with the appa- 
ratus when in use. It was experimentally tried in 
Upper Silesia, Dortmund, and at Essen. 

e objections arising from the necessity of such 
frequent repairs were to a great extent overcome by 
Mr. A. Heartmann, who designed and set to work 
the furgaces we illustrate in Figs. 1 and 2; here it 
will be seen the space occupied by the producer, 
&c., is practically the same as that taken up by an 

inary furnace. The fuel is introduced through 
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Fig. 10. 
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a filling hole in the stoke-hole floor falling on the 
inclined grate, which has a small length of level 
grate at its lower end, the thickness of the layer of 
fuel maintained being 6 in. to 8in. on the sloping 
part and about 14in. on the bottom part. From 
the overlapping of the bars in the inclined part of 
the grate it will be evident that the fuel cannot 
possibly fall through unconsumed into the ashpit, 
and the lowest qualities of small coal and dust can 
therefore be used. Two concentric arches are built 
over the producer, having a channel for the supply 
of air between them, the air mixing with the gas 
through the openings in the bottom arch as well as 
in the brickwork —— the two arches at the end 
furthest from the boiler front. The constant stream 



































of air entering in this way tends to on the per- 
forated arch cool and to prevent its rapid destruc- 
tion by the heat ny 

Mr. Heaupt, of Brieg, has also lately been work- 
ing in the same direction with a considerable amount 
of success, His first experiments were undertaken 
to determine the best means for bringing the gas 
and air into contact, and Figs. 3, 4, 5, 6, and 7 show 
the different stages by which he arrived at the most 
favourable results, Figs. 4 and 5 representing two 
different arrangements of firebrick arches used for 


obtaining thorough mixture of the and air. 
The distance from the bottom of the boiler to the 


top of the fire arch was found to exercise a very 
marked influence on the results obtained, the most 
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suitable distance having been found experimentally 
to be about 22 in. to 24 in. The arrangement 
shown in Fig, 5 was worked day and night for 
six weeks with small coal from the Florentine pit 
in Upper Silesia, and the evaporation obtained per 
pound of coal was equivalent to that of 8.4 lb. of 
water at atmospheric pressure, and from a tempera- 
ture of the feed of 32 deg. Fahr. A second 
trial with a very caking coal from the same neigh- 
bourhood gave an pugeeste of 9.6 lb. of water 
per pound of coal, These results were deemed 
so very satisfactory, that permission was given to 
fit the apparatus to one of the two boilers belong- 
ing to the Lower Silesian Mining Union used for 
determining the evaporative powers of various 
kinds of coal. . : 

Figs. 8, 9, 10, and 11 show the alterations carried 
out, these alterations occupying three weeks, and 
costing 95/. In the views given G is the gas producer, 
the air for which was forced in by a Korting blower 
after being heated by passing through the pipes at 
the sides to a temperature of 185 deg. to 194 deg. 
Fahr. On account of the cramped space availablo 
owing to the proximity of the other boiler in the 
same house, the arrangement shown in cross section 
in Fig. 9 was adopted, but it was soon found to be 
unsuitable, as owing to its want of symmetry a 
proper mixing of the gas and air could not take 

lace ; an alteration was therefore made, as shown 
in Fig. 12, : 

It was observed experimentally that the maximum 
temperatare was generate] about the points aa in 
Fig. 12, and that at 4 4 the temperature had de- 
creased to about 1770 deg. Fahr. ‘This fact 
accounts for the durability of the firebrick arches 
as well as for the immunity of the bottom of the 
boiler from injury. A good deal of trouble was 
however met with in the management of the pro- 
ducer, particularly as it only worked at most for 
three days with any single description of coal, the 
quality of the coal being then changed in order that 
another variety might be experimented with. If 
very bituminous coal were used the whole mass 
fused together in the producer, and was only 
broken up with very great difficulty; if the coal 
were very small it produced little gas, and the blast 
had to be increased, which often cut air ways 
through the mass, and caused partial explosions. 

The maximum evaporations were 8.5 lb. to 9 Ib. of 
water per pound of coal, and the minimum 5 Ib. to 
6 lb., the actual evaporations being reduced to their 
equivalents which would have been obtained had the 
water been boiled off at atmospheric pressure, and 
the temperature of the feed been 32 deg. Fahr, The 
greatest difficulty was, however, found in lighting the 
yas and getting under way at starting. This was done 
by inserting a torch into the hole of Figs. 8 and 10, 
but notwithstanding the great care used in doing so 
partial explosions took place several times, so the 
whole arrangement of separate producer was 
abandoned, as those responsible for the safety of the 
boiler, which was working at a pressure of 90 Ib. to 
105 Ib. persquare inch, hesitated to continue the 
experiments under the circumstances. 

tn order to arrive practically at the best form and 
proportions for the producer in its new and simpler 
type, the experimental furnaces shown in Figs. 13 
and 14 were built, the bottom of the fire arch being 
kept at a distance of about 2 ft. above the grate level; 
severaldifferent kinds of fuel were tried, some contain- 
ing as much as 50 to 60 per cent, of ashes, as well as 
the mud remaining in the coal-washing machines, but 
even with these very unfavourable fires, it was im- 
possible to choke the furnace, These results were 
considered so promising that the separate producer 
shown iu Figs. 8, 9, 10, and 11 was taken down and 
replaced by that shown in Figs. 15 and 16, all the 
necessary alterations having been carried out by 
four bricklayers in three days. After the alterations 
were completed, it was found possible when firing 
with gas to evaporate 14 lb. to 24 Ib. more water per 

ound of coal than had been evaporated when the 
boiler was fired in the ordinary way; it was also 
observed that the boiler was capab'e of generating 
twice the weight of steam obtained formerly. Ina 
trial carried on for eleven hours the coal-fired 
boiler evaporated about 11,000 Ib. of water at a 
pressure of 90Ib. to 105 Ib, per equare inch, the 
feed temperature being 50 deg. Fahr. The total 
heating surface exposed was 430 square feet, or 
say 2.325 lb. of water evaporated per hour per 
square foot of heating surface; under similar con- 
ditions the gas-fired boiler evaporated from 29,000 Ib. 
to 23,540 Ib. of water, or say from 4.41 Ib. to 5 lb. 


hour, and even at this high rate of evaporation, 
the temperature in the flue leading to chimney 
never exceeded 662 deg. Fahr. ‘The most rapid 
evaporation possible to produce with the coal- 
fired boiler was 19,250 lb., but the temperature 
of the escaping gases then rose to 932 deg. 
Fahr., and the evaporation of water per pound 
of coal diminished to 6 lb. to 64 The 
temperature at W in Fig. 15 was foun 

hold’s pyrometer to be 2306 deg. Fahr., which is 
considered to be much below that often locally 
generated under boilers fired in the anya ye way ; 
this and the almost perfect uniformity of the heat 
produced are the principal causes of the moderate 
wear and tear which takes place in the boilers and in 
the firebrick arches. 

The gas furnace we have been describing had, at 
the date of the last report we have seen, already been 
five months uninterruptedly at work at one of the 
experimental boilers without requiring the slightest 
repairs, the only place showing any signs of wear 
being the firebrick hanging bridge 4 in Fig. 16, 
which protects the end of the heating tube. This 
part has only suffered by the use of the firing tools 
employed in cleaning out the grate. The side walls 
all arch of the producer stand well, and it is 
thought they will last for some years. In ordinary 
working the producer is fed about once an hour, 
and no difficulty is experienced in stopping at meal 
times or at night ; the producer is merely damped 
down, and steam is always at hand in the morning 
ready to commence work. We understand that the 
last described system is being introduced into this 
country by Mr. Henry Simon, of Manchester, and 
we shall probably communicate further results of 
its workingin this country. Weare indebted to our 
contemporaries the Zeitshrift des Verbaudes der 
Dampfkessel-Ubervachuns Vereine and the Zeitschrift 
des Vereins Deutscher Ingenieure for our illustrations. 








COAL WASHING: 

THE operation of separating foreign matters from 

coal is one which is of very high industrial —_- 
tance in France, especially at those mines where 
thin seams containing considerable proportions of 
shale and other impurities are met with. At no 
place has the process been carried to such a degree 
of perfection as at the Bességes mines, where, 
under the superintendence of M, J. B. Marsaut, 
a large and complete washing plant has been 
erected, and the working of which appears to be 
attended with much success, The principles involved 
in the process as wellas the method adopted at 
Besstges for carrying it out, formed the subject of 
a communication by M. Marsaut to the Société de 
l'Industrie Minérale, and as the subject has been 
but little treated on in this country, we propose to 
substantially reproduce M. Marsaut’s communica. 
tion together with the detailed drawings of the 
coal washing plant at Bességes. A short notice has 
already appeared amongst the abstracts published 
in the Transactions of the Institution of Civil Engi- 
neers. 
The action of all coal-washing appliances de- 
pends upon the difference between the density of 
the coal itself and that of the foreign matters it 
contains ; and in all of them the washing operation 
is effected either by a fall through water, or by 
the action of an upward current of water carrying 
the material with it, 

In applying to practice the principle just named, 
great difficulties are met with; in spite of the pre- 
liminary screening which is essential, each size de- 
livered from the riddles always includes sizes 
smaller than the mesh through which it has been 
passed, including considerable dust. Moreover, the 
coal raised from the pits is often of so mixed a 
quality that its density varies from that of pure 
coal to that of shale and other matters to be elimi- 
nated from it; while at the same time these foreign 
matters present all intermediate varieties of density 
to that of pure coal. The difficulty arising from 
these causes is increased by the ever-varying pro- 
portions of different-sized pieces in each class of 
riddled stuff, and by the varying shapes of the 
individual fragments themselves. It will thus be 
seen that the problem of coal washing is an extremely 
complicated one ; and its importance and complica- 
tion furnish an explanation of the efforts made dur- 
ing the last twenty-five or thirty years to arrive at 
an efficient solution, as also of the numerous coal- 
washing contrivances designed and put to work. 

Coal washing, moreover, is an operation which 
does not admit of any definite rules suitable for 
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must of necessity be subject to variations depend- 
na the collieries themselves, the localities in 
which they are situated, and the commercial con- 
ditions affecting them; it is thus a function of a 
great number of altogether independent variables, 
amongst which no sort of connexion exists, For 
this reason it cannot be expected that any one wash- 
ing apparatus can prove perfectly satisfactory for 
1 cases. But it may nevertheless be useful to in. 
vestigate the principles which govern the actions 
that take place in the different washers actually in 
use, to analyse these actions carefully, and to esti- 
mate the advantages and disadvantages of each 
plan, with the view to determine the one that is 
most appropriate for any particular case. 

As engineer-in-chief of the Besseges Coal Com- 
pany, M. Marsaut was called upon. to design and 
erect works for the mechanical preparation of coal 
for the market, and the result of his experience is 
detailed in the following articles, which deal only 
with the fine coal that is small enough to pass 
through a square or round mesh of about l} in. 
(40 millimetres) side or diameter, since all that is 
too large to pass through a riddle of this mesh can 
generally be cleaned more advantageously by hand 
picking. 

Theoretical Considerations—Herr Rittinger, who 
has so fully investigated the mechanical dressing of 
ores,* has shown by calculation and experiments, 
that if spherical pieces or grains of any substance, 
of different diameters and different densities, are 
allowed to fall through still water, they severally 
acquire in an exceedingly short space of time a 
limiting velocity of descent, which thenceforth con- 
tinues uniform for each separate piece respectively ; 
and that this limiting velocity in metres per second 
is given by the expression 5.11V D(¢d—1), where 
D is the diameter in metres of th® particular piece 
under consideration, and d its den‘ity, taking water 
as unity. Also that, for irregular-shaped bits, re- 
duced to an average diameter, the coefficient 5.11 
in the above expression becomes lower, and is 
as follows: 





For rounded fragments ... mc see 3.20 
» flattened - ot ae ‘i 2.35 
», @longated ,, eve eco 2.65 


With the view of further simplifying and facilitating 
the practical application of this expression, he has 
replaced the real or imaginary diameter of the pieces 
themselves by the diameter of the holes in the riddle 
through which they have passed, and has proved by 
observation that the coefficient then becomes: 


For rounded pieces... oan a on 2.73 
~~ °° #4 “0s eee aa 1.92 
» elongated ,, ... sie 2.37 


As the kinds of stuff to be dealt with in coal 
washing may be assumed to contain ordinarily frag- 
ments in the proportions of two rounded to one 
flattened and one elongated, he consequently deduces 
from his calculations and experiments the following 
ultimate empirical formula : 

Velocity in metres per second=2.44 “ D (d—1), 
where D is now the diameter in metres of the holes 
in the riddle. This formula gives the mean uniform 
velocity of irregular-shaped pieces of any substance 
—coal in particular—in falling through still water 
when unaffected by any disturbing influence 


Or 1.28 V D (d—1) will give the velocity in feet 
per second if D be taken in inches. 

If, instead of letting the bits of coal or other sub- 
stances fall through still water, they be subjected to 
the action of an ascending regular current of water, 
three conditions may occur ; either the speed of the 
upward current will be exactly equal to the limiting 
velocity of fall of the bits through still water, in 
which case the fragment will remain stationary ; or 
else the speed of the current will be either greater or 
less than this, in which case the bits will either rise 
or fall with a velocity equal to the difference. If, 
on the other hand, the fall takes place in a descending 
current of water, their velocity will evidently be 
augmented by that of the current. But under all 
these different conditions, which are met with either 
in combination or separately in all coal-washing 
apparatus, the foregoing formula, velocity=2.44 
VD (@-1), is always applicable ; and the principal 
action brought into play in all such apparatus is 
governed by this formula. This has en fully 

roved by the calculations and experiments of Herr 
ittinger. Although certainly an empirical formula 
only, it nevertheless supplies, in default of an abso- 
lutely perfect one, at least a rational basis for the 


Ernst und Korn, 
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of water per square fcot of heating surface per 


general application with absolute reliability; it 
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study and application of the means now in vogue 
for the mechanical preparation of coal. 

Accordingly, whena lot of unriddled small coal, say, 
such as would piss through a mesh having holes 
14 in. in diameter (40 millimetres), is allowed to fall 
through a sufficient depth of water in any vessel, or 
is exposed long enough to the action of an ascend- 
ing current of water, there are formed in the vessel 
a series of horizontal layers, each composed of bits 
which have fallen through the water with the same 
velocity, and must necessarily therefore become de- 
posited at the same depth. Each thin layer thus 
deposited, with the exception only of the bottom one, 
is made up of large bits of coal having the minimum 
density, of successively smaller pieces of less pure coal 
of greater density, and of shale or other impurities ; 
the bits thus assorted being all of them equal in 
speed of falling or equivalent to one another 
throughout each individual layer ; the several layers 
soformedare in Germany designated “ sorts,” that is, 
classes of stuff sorted in water by the simultaneous 
agency of size and density, as distinguished from the 
classification effected according to size alone by ordi- 
nary riddles, 

It is at once apparent that, in order to separate 
unriddled coal from the foreign substances mixed with 
it, the several ‘+ sorts” obtained by the above mode of 
‘‘ sorting” would have each of them to be separately 
riddled afterwards in riddles of suitable mesh. 
Provided the coal were not broken in the operation, 
the stuff passing the riddle would then be made up 
of all the foreign substances, these having ordi- 
narily a greater density than pure coal, and the 
cleaned coal would be left upon the riddle. 

That mode of procedure has not yet been carried 
out in practice ; the reverse order is the one pre- 
ferred, beginning with the riddling and ending with 
the ‘‘sorting.” In the preliminary riddling the 
only condition to be observed is the one that neces- 
sarily follows from the considerations already ad- 
vanced, namely, that in each class of stuff to be 
prepared for “sorting,” smaller bits of the foreign 
substances to be separated from the coal will, on 
account of their greater density, fall faster through 
the water than larger bits of the coal itself. The 
practical question arises, therefore, within what 
limits of size the preliminary riddling should be 
performed. Theory would lead to increasing the 
number of different sizes to be yielded by the riddles, 
but practice requires their restriction within limita- 
tions compatible with actual working. 

The determination of this point depends upou the 
density and consequent degree of impurity which is 
assumed as limiting the commercial value of the 
washed product. Taking the density of pure coal 
and of the foreign substances associated with it in 
the seam to be approximately as given in the follow- 
ing Table I., the limiting velocities here deduced 
from the foregoing expression 2.44 V7 D (d—-1) 
afford a means of deciding how to arrange the 
riddling. 

Tasiz I.—‘‘ Sorting by Equivalents’’ of Coal, Shale, &c., 
deduced from the Limiting Velocity of Fall through 

Still Water. 




















Density.* 
Materials in Pieces of Limiting Velocity of Fall 
Irregular Shapes. a in Metres per Second, 
| d. (d—1). 

Coal, pure... ...  ...{ 1.3 | 03 | 0.267| 0.231| 0.189| 0,134 
» Shaly one 1.6 0.6 | 0.378 | 0.327 | 0.267 | 0,189 
+». more shaly 1.9 | 0.9 | 0.463) 0,400} 0,327 | 0.231 

Shale, pure vas na OO 1.2 | 0.535 | 0.463) 0.378 0.267 
» With pyrites 34 | 24 | 0.756) 0.654| 0.535) 0,378 

Pyrites... eee 5.0 | 4.0 | 0.976 | 0,844 | 0.691 0.483 

Diameter of holes (millimetres ...| 40 | 30 | 20 | 10 

in riddle say, inches eel 1} 1} 3 Z 





* The first column of density is the absolute density d, taking 
water=1.0; the second is the excess (d- 1) above that of water, 

When coal becomes so shaly that its density rises 
to 1.6, itcan scarcely be considered any longer ca- 
pable of being utilised as fuel. If this therefore be 
assumed as the limit of density or impurity to be 
allowed in the washed product, it is evident that, 
before washing the stuff which has passed through a 
mesh of 40 mm. (1}in.), it should first be riddled 
again over a mesh of 20 mm. (#in.) to separate all 
below this latter size ; for it is seen from the above 
Table thatthe 20 mm. shaly coal of 1.6 density falls 
through the water with the same velocity (0.267) as 
the 40 mm. pure coal of 1.3 density ; consequently 
the 20 mm, shaly coal, together with all smaller 
stuff of greater density, would fail to be separated 
from the 40 mm. pure coal by the washing. Simi- 


larly the stuff from a 30 mm. mesh should be riddled 
again over a 15 mm. sieve, to take out all that will 
pass through the latter, and thus for cleaning — 
class of raw coal that has already passed throug 
one riddle, it should first be riddled again over a 
sieve of half the previous mesh. 

Under the above assumption with regard to den- 
sity, the following scale is therefore arrived at as a 
basis for the preliminary riddling of coal in prepara- 
tion for the subsequent “‘ sorting by equivalents” : 
mm.mm.mm. mm. mm. 


From stuff which has already 
passed througha meshof 40 30 20 10 5 
20 15 10 5 2 


Should be separated all that 
passes through a mesh of 

If this principle were carried out till the size came 

down to dust, it is evident that insuperable difficul- 

ties would arise, both in the riddling and also in 

the sorting by equivalents. 

The limit of density above assumed for the shaly 
coal to be separated is optional: and if, instead of 
separating all shaly coal whose density exceeds 
1.6, it were wished to remove from the washed pro- 
duct the pure shale only, having ordinarily a 
density of 2.2, together with all substances of 
greater density, the foregoing ratio of 2 to 1 for 
the preliminary riddlings would be replaced by the 
ratio of 4 to 1; and in that case: 


mn.mm.mm. mm. mm. 
From stuff which has already 


passed throughameshof 40 30 20 10 5 
Should be separated all that 
passes throughameshof 10 7} 5 2} 14 


This would evidently be a simpler plan than the 
other, so far as the riddling alone is concerned ; 
but itis also clear that the advantage of facility 
would be gained only at the expense of the purity 
of the washed product. 

Other data might of course be taken as the basis 
to start from, intermediate between the two con- 
ditions which have here been noticed ; every one can 
choose according to his own case, and can determine 
by aid of the foregoing Table and formula how to 
arrange the preliminary riddling suitably for this 
system of sorting. 

(To be continued.) 








BorteR InsuRANCE.—The contract for the insurance 
and inspection of the boilers belonging to the War De- 
partment at Woolwich Arsenal and at the various manu- 
facturing establishments and barracks throughout the 
United Kingdom, numbering over 300 boilers, has been 
granted-for another term of three years to the Boiler In- 
surance and Steam Power Company, of Manchester. Mr. 
Niel McDougall, late Admiralty inspecting officer, is 
now chief engineer of this company, which has already 
held the above contract for three years. 





Tue Socrety or Arts.—The programme for the mect- 
ings after Christmas of the Society of Arts has just been 
issued. The session re-opens on January 14 with a paper 
on ‘‘ Modern Autographic Printing Processes,’ by Thomas 
Bolas, F.C.S. The other papers to be read at the ordinary 
meetings between Christmas and Easter are : January 21, 
‘* Domestic Poisons,’’ by Henry Carr; January 28, ‘* The 
Future of Epping Forest,”’ by William Paul, F.L.S. ; Feb- 
ruary 4, “ T'rade and Commerce with Siberia, vid the Kara 
Sea,’’ by Henry Seebohm ; February 11, ‘‘ The History of 
the Art of Bookbinding,”’ by Henry B. Wheatley, F.S.A. ; 
February 18, ‘‘ The Euphrates Valley Railway,” by W. 
P. Andrew ; February 25, ‘‘ The Art of the Silversmith,’’ by 
W. Herbert Singer; March 3, The History of Musical 
Pitch,’’ by Alexander J. Ellis, F.R.S. ; March 10, ‘‘ Recent 
Advances in the Production of Lambeth Art Pottery,’’ by 
John Sparkes. March 17, ‘‘ Buildings for Secondary 
Educational Purposes,” ,by E. C. Robins, F.S.A., 
F.R.I.B.A. 1n the Indian Section, Professor Vambery, 
the great Eastern traveller, has undertaken to read a paper 
on “‘ Russia’s Influence over the Inhabitants of Central 
Asia during tbe last Ten Years,’ and he has promised to 
come over from Buda-Pesth expressly for the purpose. The 
other papers to be read in this section, for which dates 
are fixed, are: January 30,, ‘‘ Herat,’”’ by Colonel G. B. 
Malleson, C.S.I.; April 2, ‘*The Best Route for a Line 
of Railway to India,’’ by Mr. B. Haughton, C.E.; May 7, 
‘* Agriculcure in India,” by Mr. Robertson, Superinten- 
dent of the Government Farm, Madras. In the Foreign and 
Colonial Section, the papers for which dates have been 
fixed are February 3, ‘* Social and Commercial Prospects 
in the Transvaal,’”’ by the Rev. G. Blencowe; February 24, 
‘* Art in Japan,”’ by Mr. C. Pfoundes; March 16, ‘‘ Iceland 
and its Resources,’’ by C.G. W. Lock. April 6, ‘* The Arts, 
Manufactures, and Commerce of Madagascar,’’ by the 
Rev. James Gibtree. In the Chemi Sections, Prof. 


the 22nd of January. On the 12th of February there will 
be a paper on ‘‘Gas Furnaces and Kilns for Burning 
Pottery,’ by Herbert Guthrie, C.E. The conrse of 
Cantor Lectures during this part of the year will be on 
the ‘‘ Manufacture of India-Rubber and Gutta-Percha,’’ 
by Thomas Bolas, F.C.S. ‘It will consist of six lectures, 








the first of which will be given on February 2. 


Perry will read a paper on ‘‘ The Teaching of Physics,’’ on | late 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

John Brown and Co., Limited.—The following circular 
has been addressed to the shareholders in this concern : 
‘* T am desired by the directors to intimate that owing to the 
intensified depression which prevailed during the first six 
months of the financial year they do not think it advisable 
to recommend the payment of an interim dividend for that 
riod. The prospects of the company have, however, so 
improved by the revival of trade which has since taken 
place, and the increase of orders at more remunerative 
om that the directors have reason to hope the results 
or the whole year will be satisfactory to the sharebolders — 
John Duncan, secretary.”’ 


The New Railway and Dock Scheme at Hull.—A meet- 
of thé committee of the above railway has been held. 
Colonel Smith presided, and reported that the negotiations 
with the Hull corporation had been finally concluded. Ar- 
rangements it was stated had been made by the deposit 
of 140,0001., so that the standing orders of Parliament 
might be complied with. Messrs. Bohn, the engineers, 
here issued a lithographed plan of the proposed Alexandra 
ock. 


Trade of the Year and Prospects.—So far as the engi- 
neering trades of South Yorkshire are concerned, the past 
year has been one of extreme depression. In the building 
of locomotives, district firms have been unfortunate in the 
obtaining of contracts. Scotch makers have taken almost all 
the heavy contracts, and in many instances difficulty has 
been experienced in keeping the shops fully employ: It 
is believed that early in the year now entered ou, some of 
the large contracts which will shortly be placed in the 
market will be obtained by local competitors. Those en- 
gaged in the turning out of special classes of machinery— 
“er pte d the classes used for rail manufacture—have 

ad almost more work in hand than they could fulfil. At 
the present time the engineering departments may be said 
to be fairly busy, and with a prospect of still greater ac- 
tivity so soon as work for the new year has fairly com- 
menced. Mills engaged in the heavy iron and steel trades 
are for the most part running full time, and this indicates 
more work for the engineering departments generally. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was not 
such a large attendance on ’Change at Middlesbrough as 
there usually is, but the holidays no doubt were partly the 
cause of this. Those who were present took a very warm 
interest in trade movements. Messrs. Connal and Co., the 
warrant storekeepers of Glasgow and Middlesbrough, now 
hold a stock in Cleveland amounting to 100,300 tons, and 
they are still receiving iron at the rate of about 500 or 600 
tons per day. Their Middlesbrough warrants f.o.b. were 
sold on Monday night at 53s. 6d. per ton net cash, and it 
‘was ascertained that they were in great demand, especially 
in Glasgow, where merchants were paying a premium of 
1s. 6d. to 2s. per ton for them as against makers’ iron. For 
prompt delivery the price of No. 3 Cleveland pig was 
yesterday 51s. 6d. per ton, but for delivery over the second 
quarter of the new year makers would not sell under 55s. 
per ton. There are people in the trade who believe that 
before summer No. 3 will be selling at 603. per ton. 


More Blast Furnaces to be Blown in,—It is ealeulated 
that in the course of the next quarter something like 25 
blast furnaces will be blown in, and that although the 
total production will be considerably increased, the demand 
will still exceed the power of supply. 


The Finished Iron Trade.—Great activity still charac- 
terises the finished iron trade, and after the holidays some 
of the works in the Cleveland district will increase the 
number of hands they are employing. 


Engineering and Shipbuilding.—Both these important 
industries are now fairly well ied ts are 
improving and prices are rather stiffer. 


The Coal and Ooke Trades.—In proportion to the 
advance in the iron prices, the quotations for all kinds of 
fuel have risen. The pits are working satisfactorily, and 
a very busy quarter is anticipated. 


The Cleveland Enginemen and Mechanics, and their 
Wages.—It will be recollected that the mineowners offered 
the members of the United Enginemen and Mechanics, 
Association on the 11th of December the following terms. 
An advance of 10 per cent. for winding enginemen, and 
to rise and fall 24 per cent, in accordance with the sliding 
scale arrangements made between the owners and the 
miners: All other classes of enginemen and the me- 
chanics were offered 8 per cent. advance, and to rise and 
fall by 2 per cent. The whole of the advances to be paid 
from the 3rd of November. A mass meeting of the men 
was held at Saltburn to consider what steps should be 
taken in the matter. The numbers for accepting and for 
resisting the offer were nearly equal, those who voted 
against the offer were strongly opposed to any settlement 
which did not admit of a readjustment. A ballot was 
demanded and it has been taken. The result is that there 
— considerable majority in favour of accepting the owners 
offer. 








Lhe prosp 








Soutu AusTRALIAN Raitwars.—Mr. T. Higinbotham, 
engi in-chief of Victoria, has, at the request of the 
South Australian Commissioner of Public Works, reported on 
the South Australian railways, which hesays arethoroughly 
good sound in construction, while economy has been 
studied in making them. Mr. Higinbotham condemns the 
break of gauge, and points out that the railways are ata 








disadvantage owing to the great facilities for cheap car- 
iage by water which South Australia affords. 
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ROLLING MILL AT THE WORKS OF THE GRAZI-TSARITSIN RAILWAY, BORISOGLEBSK. 





CONSTRUCTED FROM THE DESIGNS OF MR. THOMAS URQUHART, LOCOMOTIVE SUPERINTENDENT. 





te eel 


Tue small rolling mill, of which we annex: engravings, 
is one designed by Mr, Thomas Urquhart, the locomo- 
tive superintendent of the Grazi-Tsaritsin Railway, and 
constructed at the Central Works of that company at 
Borisoglebsk; and we illustrate it, not because of any 
special features in the design, but simply because it forms 
an example of a small handy arrangement for working 
up the scrap of moderate-sized works. At the time that 
the mill we illustrate was made there was a difference of 
121. 5s. per ton between the price of small bars delivered 








at the works at Borisoglebsk and that which could be got 
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for scrap, the two prices being 14/. 10s. and 2/. 5s. respec- 
tively. It was under these circumstances that Mr. 
Urquhart was led to put down a small mill for utilising 
his scrap, and producing bars of small section, and by so 
doing he effected a very considerable saving, the bars so 
rolled being produced for less than 81. per ton, with the 
scrap iron charged to the mill at the price above mentioned. 

As will be seen from our engravings, the rolls are 
three-high and there are two sets, each 36.14 in. long 
from centre to centre of housings, the set furthest from 
the engine being used for roughing and that next the 


engine for finishing. The rolls are interchangeable. 
The driving power consists of a vertical engine with 
104 in. cylinder and 18 in. stroke, which is run at from 120 
to 150 revolutions per minute, with steam at 60 lb. 
supplied by a vertical boiler mounted on the same bed- 
plate. The engine is coupled direct to the central rolls. 
The connexion consists of a pair of ordinary flange 
couplings, connected by three loosely fitting §-in. bolts, 
which are sheared in the event of any undue strain 
coming on the mill. The rolls are connected by over- 





hung pinions at the end next the engine. The engine 
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TUBE FIXING APPARATUS; 
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has a very heavy flywheel, which has since the mill was 
put to work been made still heavier by bolting cast-iron 
segments inside the rim. The output of the mill when 
working continuously is fully 16 tons of bars per 
minute. 








FIXING BOILER TUBES. 

WE give above engravings of the apparatus used for 
fixing the locomotive boiler tubes at the works of the 
Eastern Railway Company of France, this apparatus 
being a modification or development of the well-known 
Dudgeon tube expander, constructed on the plans of M. 
Brisse, the chief manager of works to the Eastern Rail- 
way Company. The operations performed by the appa- 
ratus are, first, the expansion of the tube on the tube- 
plate ; secondly, the cutting off to lengths; and third, 
the beading over of the small portion left projecting 
beyond the tubeplate. In our engravings, Figs. 1, 6, and 
8 respectively show the apparatus as being used for the 
three operations just enumerated. 

Referring to our illustrations it will be seen that the 
apparatus consists in the first place of a central rod or 
spindle which serves as an abutment for the several tools 
used, This central mandrel A is screwed at both ends; 
one end—that within the tube to be operated upon— 
being fitted with a nut D which is conical externally. 
The screwed portion of the spindle on which this nut 
works is within a hollow mandrel B, to which it is con- 
nected by a collar and cap Eas shown. In the sides of 
the mandrel B six openings or ports are formed, and 
these openings are filled with blocks C serrated on their 
outer sides, and which can be forced outwards by the 
movement of the conical nut D. The section Fig. 4 
shows three of these blocks, the three others being 
similar, but situated in another transverse plane as 
shown in Figs. 1 and 6. It will readily be understood 
how by turning the spindle A the nut Dis drawn for- 
ward, thus forcing radially outwards the block C, and 
thereby forcing the mandrel B and spindle A firmly in 
the tube. The nut D is prevented from turning with 
the spindle A by means of a small set screw, the point of 
which enters the keyway at G. 

The tool used for performing the first operation of ex- 
panding the tubes consists of a Dudgeon roller tube ex- 
pander J mounted on the central spindle, and having its 
rollers forced outwards by the conical sleeve H, the 
sleeve being adjusted by the screw at L. The arrange- 
ment will be readily understood without further ex- 
planation. 

For facing off the superfluous portion of the tube after 
the latter has been fixed on the tubeplate, the arrange- 
ment shown by Figs. 6 and 7 is employed. In this case 
the Dudgeon expander is replaced by the tool-holder O, 
which carries three tools P held in place by the ring Q 
fixed by the screw R. The tool-holder is made hexagonal 
at its outer end, so that it can be rotated by a suitable 
key, and itis fed up against the tube of which the end is 
to be faced by means of the nut F, its travel being 
limited by the ring S, the position of which is fixed by 
he pair of check nuts TT. This ring S comes against 
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EASTERN RAILWAY OF FRANCE. 





























the tubeplate when the tube has been faced down to the 
right length. 

The apparatus as arranged for beading over the end 
of the tube is shown by Figs. 8 and 9, the latter figure 
being an enlarged view of one of the beading rollers. 
The manner in which these rollers are applied to form 
the bead will be readily understood from Fig. 8, in which 
the rollers are marked X, while V is the body of the 
tool forming the abutment for the rollers, and Y a guide 
ring for the latter. 

The apparatus we have been describing was constructed 
at the works of the Eastern Railway Company, at 
Epernay, where it has been for some time successfully 
in use. 








THE VIENNA EQUATORIAL, 

THE subject of our two-page plate this week is the 
great 27-in. equatorial refracting telescope constructed 
by Mr. Howard Grubb, of Dublin, for the Imperial and 
Royal Observatory, now nearly completed at Vienna, 
The description of this instrument must be postponed 
until we publish details of its principal parts, The ob- 
servatory building, of which we shall also publish draw- 
ings, is situated three miles to the north of the city, at 
an elevation of 200ft. above it. It is 330 ft. long, and 
240 ft. wide, and its principal feature is a central dome 
42 ft, in diameter, which will contain the telescope, and 
which has also been constructed by Mr. Grubb; at each 
end of the building is a smaller dome, 25 ft. in diameter, 
one of which is to contain a 12-in. equatorial refractor, 
made by Alvan Clark, of Cambridgeport, Mass., and in 
the third dome will be placed an equatorial reflector 
specially adapted for photographic purposes. 








THE NEW YORK ELEVATED RAILWAY. 

WE publish on page 10 the first of a series of illustra- 
tions of the Metropolitan Elevated Railway of New York, 
a very extensive undertaking, now being rapidly pushed 
towards completion. The railway ists of two distinct 
parts; on the west side of the city, extending from Eighty- 
third-street to the Harlem river, following Seventh and 
Eighth Avenues, a distance of 4 miles, and on the east 
from Chatham-square along First and Second Avenues 
to the Harlem river for 7.36 miles. The total weight of 
ironwork employed in thie work is 44,200 tons, divided 
into 971 miles of angle irons, 314 miles of bars, 20 miles of 
Pheenix columns, over 2 acres of plates, and 5} millions 
of rivets; there are about 21 millions of punched and 
drilled holes. We shall reserve till the publication of 
further illustrations any detailed particulars of this 
enormous work, which is being executed by Messrs. 
Clarke, Reeves, and Co. of the Phoenixville Bridge 
Works of Pennsylvania and of Philadelphia, 








THE INSTITUTION OF CIVIL ENGINEERS. 
THE annual general ing was held on the 23rd of 
December, the day fixed by the Bye-Laws, namely, the 
y previous to Christmas Eve, Mr. Bateman, PRS. 

the President, occupying the chair. 
In the report of the Council it was stated that there 
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was no more important subject for the consideration of the 
members, than the question whether the objects of the 
Society had been aden fulfilled, and, if not, then in 
what way they could hereafter be more properly carried 
out. 

A succinct account was 
—— ags for - reading 
of engineering topics, 
of the Institution, which for the past five had com- 

rised four volumes of Minutes fig Fe an! mony 

hese volumes embraced original 
than those read at the meetings, and also abstracts of 

pers either addressed to similar bodies abroad, or printed 
in foreign scientific or technical periodicals. — Daring the 
past session these volumes—issued respectively in the 
months of March, May, July, and September—had to- 
gether contained 1704 pages. The Minutes of 
proper, including the papers read at the meetings, re 
of the discussions upon them, and written remarks, em- 
braced 885 , the other selected papers occupied 
343 pages, Re obituary notices of deceased mem 
80 pages, and the abstracts of memoirs contributed to 
foreign societies and periodicals 396 pages. Every member, 
whether belonging to or only attached to the Institution, 
and wherever resident, received, post free, a copy of each 
vole as published. The ae, scientific 
know , more especially in its application to engineering, 
was, without doubt, materially promoted by the meetings, 
which afforded opportunities for the interc of 0} 
among the best authorities on the topics brought forward ; 
and the complete and rapid circulation given to the records 
of such meetings, yn or ap as it now was by the 
additions described, furnished, perhaps, the most efficient 
plan that could be devised for the collection of information 
on all those many sciences upon which the successful 
pfactice of engineering depended, and for its dissemination 
to the many members resident in distant countries, where 
access to current engineering literature was difficult. It 
was again wu upon all within the Institution to contri- 
bute the particulars of the mode of execution, the details of 
construction, and the cost of works at home, as well as to 
furnish short notes of useful facts and deductions acquired 
in the course of practice and observation. 

The next means that might be pointed to for promoting 
the — of the ——— was — 2 yo Tracing _ 
grad progress, it was remar! at at present the 
collection contained 15,500 vate volumes, besides about 
420 volumes of pamphlets. The members were reminded 
that the advanced position of this unrivalled collection of 
technical literature could ouly be preserved unimpaired, by 
their suggesting the titles of important professional treatises 
not already in the library, and particularly by powies 
— ir own works and reports as published or 

rinted. 

A An account of the operations and condition of the Insti- 
tution during the past twelve months was then rendered. 
From this it appeared that there had been twenty-four 
ordinary meetings, at which sixteen peaees were read and 
discussed, the authors of eight of t 


ese receiving Telford 
premiums for their communications. Twenty-five other 
papers were selected for publication, and the au of four 
of these had been similarly awarded. There had also been 
eight students’ eo as many papers were read, 
and Miller prizes had bestowed upon four of these 
authors. 

During the 


the Council engaged in effecting 
+p Rape were : 


the separation of the essional from the non- 
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iates, in accor with the directions of the special | 
general meeting of the 2nd of December, 1878. The 
qualifications and antecedents of 1670 asssociates had to be | 
separately considered, of whom 1080 had been transferred 
to the group of iat bers, leaving a residue of 590 
in the original class. The elections had comprised 1 hono- | 
rary member, 40 members, and 152 associate members, | 
besides 23 associates not entitled to the privileges of | 
corporate membership; while 68 associate-emembers and 
associates had been transferred to the class of members. 
On the other hand, the deductions had been, by deaths, 
resignations, and erasures, 71 members, associate-members, 
and associates. There had been a net addition in the 
twelve months of 1 honorary member, 79 members, and | 
65 associate-members or associates, representing a total 
increase of 145. The s numbers on the 30th of No- 
vember last were, 17 honorary members, 1140 members, 
1221 associate-members, and 582 associates, making a total 
of 2960, irrespective of the students. This agerogate was 
more than double what it was twelve months ago. The 
student class now numbered 584, of whom 150 were admitted 
last session, when 42 students were elected into the Institu- 
tion, and 24 ceased to remain on the list, so that the net 
increase had been 84. 

The statement of receipts and expenditure showed that 
the income from annual subscriptions and from dividends 
on Institution investments had amounted to 10,9601. 11s. 9d., 
while the ordinary expenditure had been 98261. 10s. 7d., 
including 45681. 19s. 3d. on account of Minutes of Pro- 
ceedings. The capital receipts from the admission fees of 
new members and from life compositions had reached 
28371. 12s. 6d., and the investments had been 40931. 1s. 2d. 
The accumulated property of the Institution now amounted 
to 31,094/. 1s. 8d., the interest on which constituted rather 
more than one-tenth of the annual income The nominal 
or par value of the trust funds, held for the purpose of 
awarding premiums, was 14,6421, 13s. 10d., the whole of 
which stood in Government securities. 

In conclusion the belief was expressed that, both in its 
organisation and in its method of procedure, the Institution 
of Civil Engineers was distinctly and definitely dedicated to 
the promotion of science, that its present prosperous con- 
dition might be taken as convincing proof of the high 
esteem in which it was held, and that a confident hope 
might therefore be entertained, that its practical and useful 
character would be as fully and as completely maintained 
in the future as in the years gone by. 

The report having been adopted, the premiums and 

rizes awarded at the close of last session were presented 
by the President, to whom the thanks of the meeting were 
unanimously voted, the services of the vice-presidents and 
Council, and of the auditors, being similarly acknowledged. 

The scrutineers (to whom a vote of thanks was pas 
by acclamation) reported that the following gentlemen had 
been duly elected to fill the several offices in the Council for 
the ensuing year: Mr. William Henry Barlow, F.R-.S., 
President ; Mr. J. Abernethy, Sir W. G. Armstrong, C.B., 
F.R.S., Sir J. W. Bazalgette, C.B., and Mr. J. Branlees, 
Vice-Presidents ; Mr. G. Berkley, Mr. F. J. Bramwell, 
F.R.S., Mr. G. B. Bruce, Sir John Coode, Mr. BE. A. 
Cowper. Mr. A. Giles, M.P., Sir Charles A. Hartley, Mr. 
H. Hayter, Dr. W. Pole, F.R.S., Mr. BR. Rawlinson, C.B., 
Pr. OC. W. Siemens, F.R.S., Mr. D. Stevenson, Sir W. 
Thomson, F.R.S., Sir Jos. Whitworth, Bart., F.R.S., and 
Mr. E. Woods, other Members of Council. 


THE TAY BRIDGE. 
To rae Eprror or ENGINEERING. 

Str,—I have before me the leading article in the 
Standard of to-day’s date on the Tay Bridge accident. In 
a case which is to come before a jury the utmost reserve in 
the expression of opinion is considered necessary, but here, 
where nearly a hundred lives have been lost, a jadgment is 
given off-hand, and practically the whole blame of the loss 
is thrown on the engineer. I Xo not thitik that this is just, 
especially as the very decided opinion given is not, if one 
may judge by internal evidence, that of an expert, nor one 
which will, | imagine, be borne out by the examination and 
inquiry to be made by the officers of the Board of Trade, 
nor by the opinion of engincersiu general. It is absolutely 
impossible to do more than advance a theory at present as 
to the cause of the accident, and it is more than probable 
that the most careful examination will fail to prove arty- 
thing, but personally I think that the most probable sola- 
tion is that the engine left the road and broke through a 
girder, and that the shower of sparks deseribed was the fire 
blowing out of the firebox, and that the cause of derailment 
is to be looked for in the engine itself, or in the permanent 
way, and not in the force of the wind. When a girder 
was once disabled and fell, it is easy to understand how 
the piers might be crippled and more included in the ruin 
of the first, without taking into consideration that a break 
of continuity would greatly weaken the resisting power of 
the bridge. As to the theory that the train filled up the 
spaces between the lattices, I do not think that requires 
an answer. We are told that two of the railway men looked 
on the passage of the train as a forlorn hope, and further it is 
said that they were best qualified to understand the case ; 
I however fail to see that the opinion of a oomstman is a 
very valuable one as to the strength of a bridge, and think 
it more probable that this opinion was formed after the 
event than before it. If the girders were blown over one 
would expect from the construction of the piers, &c., that 
they would have fallen on their side, but as I understand 
the reports such is not the case. The Tay Bridge is not 
the only long viaduct in this country in an ex position, 
witness the Kent and Leven viaducts, the Solway viaduct, 
and the Saltash Bridge, yet trains have run over 











these for years, in all weathers, without accident. We are 
told that the Tay Bridge should be doubled throughout ; 





this again is on the op a that it is not strong enough 
transversely, of which 


maintain we have so far no 





evidence. Thecost of doubling the bridge would be very 
great and the advantages nil, or nearly so. I have before 
me an extract from the Morning Advertiser, which 
states, amongst other things, that the lattices of the 
Hungerford and Blackfriars railway bridges are made of 
wrought and cast iron, the wrought iron for ties the cast 
for struts; that the ties support the weight of the er 
and that the struts prevent the ties becoming too tight; 
that a lattice girder bridge is virtually a suspension bridge, 
and other remarks which are equally inaccurate. I do not 
think I require to say more to prove what is the object of 
my troubling +a with this letter, aout, that it is neither 


wise nor well for important articles which will influence 


d| public opinion to be written upon such a subject on im- 


ta and without technical knowledge. 
Iam, Sir, your obedient sees 


Westminster, December 30, 1879. 


perfect 








WIND PRESSURES. 
To THe EpIToR oF ENGINEERING. 

Srr,—Apart from the question whether or no the Tay 
Bridge was blown down, any one who has lived by the 
western coast and felt the force of a gale far greater there 
than inland, will surmise that our anemometers inland are 
misleading when the records are applied to exposed struc- 
tures at sea. 

Inthe paper read before the Cleveland Institution of 
Engineers on the Tay Bridge, printed in ENGINEERING, 
vol. 22, page 543, 21 lb. per square foot|is assumed as the 
pressure from a strong gale, and it is calculated that 96 lb. 
per square foot would just overturn the structure. Nothin 
is said of oscillations, nor is it treated dynamically. Hig 
detached chimneys sway many inches in strong winds. 

About ten years onal was surprised to find recorded at 
the Liverpool Observatory a momentary pressure of nearly 

Ib. per square foot, which was confirmed by the registra- 
tions of the revolving anemometer. Whilst the observatory 
was on the Live l side, further from the sea, my im- 
pression is that about 38 lb. was the highest noted. 

Iam unaware if these records are published, if not their 
publication might throw much light on this subject. Be- 
hind a flat plate a partial vacuum is formed by the wind 
rushing past its edges. One per cent. of vacuum would be 
about 21 Ib. per foot. 

A globe with one square foot sectional area would offer 
less resistance. The resistance of a cylinder per foot of 
sectional area would vary with its diameter. Some forms, 
like well-shaped ships, may offer little resistance save 
surface friction. arrow flat bars and open structures 
generally offer a maximum resistance per foot of area. 

A resistance to the wind of, say, 20 lb. per square foot 
has no definite meaning, unless form, position, and magni- 
tude are appended, without these considerations deductions 
made from structures of known stability can only be ap- 
plied to similar structures. 

Assuming the wind reaches its highest pressures in 
sudden squalls, these are much less felt inland. In these 
the velocity of the wind is much higher than the rate at 
which they themselves travel, squalls being analogous to 
waves of compression, the particular particles which at any 
moment compose them urging fresh particles in front, 
and soon being themselves left behind. 

Hence the records of Greenwich and inland observatories 
are no safe guide for pressures on the seacoast. To have 
trustworthy data on the force of the wind there must be ex- 
periments made in equally exposed situations, and on some- 
what similar bodies. 

Yours truly, 


W. HarTNELL. 

P.S.—If a squall be considered as a compression and 
partial translation the maximum velocity would bear about 
the same ratio to the mean that a semicircle bears to the 
diameter —about half as fast again. Thus, if a squall in 
still air travel at 20 miles per hour it will blow at 30 miles 
per hour for a short time, exerting twice the maximum 
pressure that might have been expected. The same squall 
in a fresh wind at 20 miles per hour would travel at 40 
and blow at 50 miles. Squalls seem,, however, like large 
waves, not persistent, soon disappearing, but quickly re- 
placed by others through fresh combinations of force. 

Leeds, December 30, 1879. 








WATER BALLAST STEAMERS, 
To THe Eprror oF ENGINEERING. 

Srr,—I read with much interest your article upon 
** Water Ballast Steamers’? in ENGINEERING of the 
26th inst., and as I am personally interested in the deep floor 
and bracket system, I should like to offer a few remarks 
upon the subject. 

I entirely agree with your remarks as to the narrowness 
of our present class of three-decked steamers (that is, 
steamers built for cargo pu es having a main and upper 
deck, and hold beams), but I would remark that the pre- 
sent class of vessels are not only too narrow for grain car- 
goes, two steamers haying lately, I hear, turned over while 
carrying coal, though of course grain is decidedly the most 
dangerous o. The smallness of the proportion of 
breadth to depth is caused partially through the prejudice 
of preferring a deep to a broad vessel, under the impression 
that it takes less engine power to drive the former vessel 
at a given _— through the water, and also through the 
fact that a deep narrow vessel can be built of lighter scant- 
lings, under yd’s Rules, taan a broad shallow vessel. 
However, I am glad to find that both shipbuilders and 
shipowners are at present considerably altering the propor- 
tions of a te to breadth, and I trust that we shall soon 


yy a muc — class of —— oe Bond ys : data 
regards arrangement of the deep-floor —_— 
elainn, I'think reasonably, to be the iginat of plan. | prod: 


In 1872, while engiayel by Messrs. and Co., of 





Jarrow, I was first strack with the weakness of ordina: 
water ballast steamers, especially in the case of vesse 
with ballast tanks in the fore and after holds having the tank 
girders stopped at the engine and boiler bulkheads, and not 
continued through the engine and boiler space, thus causing 
the vessel to be weakest in her most vital part; and upon 
calculating the weight of the engines, boilers, and bunker 
coals contained in the space between the bulkheads, I found 
it to be barely half of the displacement of that portion 
when immersed to the load line. This upward pressure 
would of course considerably increase as the bunker coal 
diminished ; this led me to think ing the ordinary 
tank girders down to the shell, and continuing them fore 
and aft through the engine space ; it also struck me that it 
was unfair to charge the shipowner with the tonnage space 
in the tanks between the top of the floors and the top of the 
tank as usually measured. In 1875, while engaged by 
Messrs. Austin and Hunter, I compl my plan and fre- 
quently discussed it with Mr. Hunter and other friends ; 
after leaving Sunderland in February, 1876, a vessel, the 
Fenton I think, was designed upon my plan, but bracket 
or knee plates were fitted in place of deep floors as in my 
original plan; the reduction of tonnage was not at first 
secured, but could have been obtained, and was afterwards 
when Messrs. Denny adopted this plan. 

I have lately been in Messrs. Palmer’s and seen several 
vessels which are being built upon my plan with deep floors 
on alternate frames, which is found to make the most sub- 
stantial work. Hoping to be excused for taking up so 
much of your valuable space, 

am, Sir, 


I yours faithfully, 
Cardiff, December 31, 1879. M 


. W. AIsBITT. 








WATER GAS. 
To THE EDITOR OF ENGINEERING. 

Srr,—In your article of November 14 you called atten- 
tion to this ae, and cited particularly the 
performances of the Lowe process in the department of 
illumination in the United States. Its success has indeed 
been way sateee in both the essentials of quality and cost, 
and has been achieved in spite of the bitter opposition of 
the old monopolists. 

While your are quite correct in stating that owing to 
excessive prices maintained there, the process has special 
local significance, I must ask the privilege of explaining 
briefly that the operations of the Strong system in the far 
more important department of fuel, though heretofore in a 
narrower field, have demonstrated facts of much wider im- 
portance, and of more than local interest. 

Practical investigation, both in America and here, have 
conclusively creme that this system, which is at present 
the most perfect development of the water-gas principle, 
will give to the consumer, whether for domestic or indus- 
trial uses, a larger calorific result than by any other method 
can be derived from a given weight of fuel. 

This it will be observed is a vital fact related to what 
(but for the lack of art illustrated by the present wasteful 
methods of using fuels) might be termed the art of com- 
bustion. Any economy affecting this matter will be as 
benificent as the use of fuels is universal. In the 
7 of our investigations a great variety of fuels 

ave been experimented upon, including American and 
Welsh anthracite, Newcastle and Swedish coals (the 
latter semi-bituminous), English and ordinary gas cokes, 
the slack or dust of these, charcoal, +, and even saw- 
dust. The gas from these different substances is found to 
be almost absolutely constant in composition, the variations 
of a great number of analyses between the hydrogen and 
carbonic oxide being within the limits of 5 per cent. The 
non - combustible constituents, nitrogen and carbonic 
oxide, may be kept down to say 5 to 7 per cent. 
Taking English coke as standard, representing nearly pure 
carbon, it is found that Strong’s furnace yields 25 cubic 
feet of gas per 1lb. of fuel=56,000 cubic feet per ton. 
There is a fair prospect of increasing even this yield. The 
poorer fuels yield gas in proportion to the carbon present, 
minus a s loss for heat expended upon inconvertible 
matter intermixed therewith. - 

A special excellency of Mr. Strong’s system is its utilisa- 
tion of forms of fuel, hitherto not considered available, 
and which, therefore, are cheap. There is a double economy 
experienced in consequence, by reason of this low first cost, 
and, secondly, because it is ascertained that the dust fuels 
are not only more rapidly converted, but more economically 
in two ways, the expenditure of heat for the conversion 
being less than where larger and harder forms of material 
are used, and the yield of gas being increased, because all 
this portion of the fuel goes into gas making, none being 
diverted to the heating of the furnace. ost excellent 
results have been obtained with common peat powder in- 
troduced through the hopper, and a comparison seems to 
indicate that as we approach the more compact and mineral 
formations, a larger expenditure of thermal force in the 
mere gasefaction of the fuel is inevitable. Here it may be 
mentioned is a point over which many even intelligent 
minds stumble in comparing fuel values, overlooking the 
fact that in combustion of all crude materials, an amount 
of calorific energy, somewhat in relation to their differing 
densities, must be expended in volatilising the fuel, and 
that this proportion of heat must be deducted from the 
useful result, a heat unit doing but a single service in any 
case. The experiments with this Strong gas in domestic 
uses, and in the melting and welding of iron and the 
melting of steel, have proved that its intensity and calorific 
value have not been overestimated in the admirable report 
of Dr. Gideon E. Moore, of New York. Its action is 
wonderfully quick and efficient, and, as compared with the 
crude fuel from which it is derived, economical. As the 
ing Siemens gas is very deficient, a series of 
experiments for a comparison were conducted. The gas 
roduced_was superior-in quality to the composition as 
given by Percy, and in much volume also, containing 
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830 per cent. carbonic oxide i 17 per cent., and 
123,000 cubic feet instead of 50,000 per ton, yet the 
behaviour of the Strong gas gave it a very decided advan- 
. For these comparisons both gases were stored in a 
holder, and led to the experimental furnace cold, and in con- 
sequence some novel facts were developed regarding the 
enerator gas, tending to show that if deprived of the hot 
last, or the temperature at which it leaves the furnace, it 
becomes quite inefficient. In a small forge wherein the 
Strong gas maintained a fine welding heat with a consump- 
tion of 5 or 6 cubic feet per minute, it was found impossible 
to attain more than a fair red heat after i iemens 
gas at the rate of 17 cubic feet per minute for six hours. 

The comparison was even worse in boiler and crucible 
practice, and confirmed the conviction, long entertained by 
the writer, that the depreciative influence of large per- 
ont of nitrogen in combustible gases is not fully under- 
stood. 

Comparative tests with a regenerative furnace wherein 
both could have the benefit of hot blast were in- 
tended, and it is believed would have shown the same rela- 
tive advantage for the water gas, but the shortening days 
in this northern latitude unfortunately deprived us of the 
use of the holder, which was required for illumination of 
the works. These experiments will however shortly be re- 
sumed on the Continent. The value of water as a base 
for enrichment for illuminating purposes y been 
so thoroughly established in the United States that no new 
evidence on that point was needed. But the carburetting 
in that country is accomplished by the use of petroleum 
hydrocarbons, and the availability of other local materials 
was an interesting question for settlement. Quite a variety 
of these have been tried from different parts of Europe, 
residuals from the oil distillation on the Caspian, the shale 
or green oil from Scotland, paraffines from the German 
brown coals, and areall found to be about Swe ae ree 
three gallons of either of these fluid hydrocarbons being 
sufficient to im to 1000 cubic feet an illuminating 
power of 20 candles, a slight additional proportion increas- 
ing the power to any desired point, and producing a flame 
of remarkable whiteness and purity in combustion. 

Much having been written of late years upon “the 
fuel of the future,’’ and the desirability of a system of gas 
distribution in towns, whereby a cheap gas fuel for general 
d tic uses should su le the t inconvenient 
and costly employment of coals, and the argument having 
gained a popular assent, I am sure your readers will be 
pleased to hear that such a plan is about to have a practical 
test in America. Works upon Mr. Strong’s system are 
nearly completed in a city suburban to New York, for the 
general delivery to its citizens of this pure combustible gas 
for cooking and heating purposes at 2s. per thousand cubic 
feet. Careful investigation indicates that beside incal- 
culable collateral advantages in the matters of convenience 
and labour saving, the actual cost to consumers will be 
less than where crude fuels are used. 

The starting of such works marks an era in civilisation, 
and furnishes an example which it is safe to predict will be 
swiftly followed by other cities the world over. 

Gro. 8. Dwieut. 











THE PERKINS ENGINE. 
To THE EpiTor oF ENGINEERING. 

Srr,—Should you think my experience with the Perkins 
engines worth recording you are at liberty to do so. 
may just mention I have no interest in Mr. Perkins’s engines 
excepting that of working our businesses economically, 
which we certainly do by the use of three of his type of 
engine, and I do think he (Mr. Perkins) ought to have had 
a public trial of the Wanderer’s engines when the vessel was 
ready for sea, so that the public might have had the 
necessary information and advantage of judging the merits 
of the new system ; this not having been done I now state 
my experience as under. 








Hours Distilled | Pressure 
Actual Horse | Time Coal 
PowerExerted.| Use. Sia Burned} San — 

ewt, galls. Ib. 

25 7 years 10 sf 350 

50 23 10 2 350 

200 6months| 10 113 34 3875 
Only worked 
up to 100 h.p. 




















There is nothing in my opinion comparable with the 
above engines for economy; the 200 horse power engine was 
made by the Messrs. Steele, of Greenock, and has gone 
well, in fact without a hitch; we experience no trouble 
with any of them, because we look well after them and 
keep the engines in good working order. Our gauge glasses 
last over six months ; but then only distilled water is used, 
the Wanderer’s gauges were destroyed by dirty raw water ; 
the accident to the bulkhead was in consequence of not 
sweeping the boiler clean. The Wanderer’s engines were in 
the hands of complete strangers, not one of them having 
had any experience of this description of engine. The 
Perkins engine is not an be inp fe but an owner’s or 
steam user’s question, being that of pounds, shillings, and 
pened in conclusion I haye only to say any _ is at 
iberty to come and test our engines and disprove my 
figures if they can, every information and facility shall be 
afforded them by giving us a day or two’s notice beforehand. 

me Sir, yours —. 
W. Fintay. 


The Sub Wealden Gypsum and Dorking Greystone 
Lime Company, Mountfield, Sussex, and Belch- 
worth, Surrey. 








SoutH AFRICAN CoAL.—Several loads of Molteno coal 
have been sold on the spot at 3s. 9d. per 100 lb. 





LEAKS IN WATER MAINS. 
To THe EpIToR oF ENGINEERING. 
Srr,—I noticed some few weeks back an inquiry from 
one signed ‘‘ Turncock,”” in ENGINEERING, Contes to 
know the way to detect leaks in pipes laid in noisy 
thoroughfares by the use of the ordinary turncock’s key 
handle. Your correspondent has only to put the knob of 
the handle in his mouth or between his h (the other 
end bearing on the pipe itself), then plug up both ears by 
means of his fingers or otherwise, when external sounds 
will not be heard so hem iy © and the hissing sound of 
the water oy through the leak will be considerably 
magnified. The operator must, however, be careful in his 
eagerness not to swallow the instrument. 
Yours faithfully, 


; F. Taranr. 
Jamaica, December 10, 1879. 





COMPULSORY BOILER INSPECTION. 
To THE EDITOR OF ENGINEERING. 

Srr,—I read with interest your article on ‘‘ Com ry 
Boiler Inspection,’’ and think it states the matter forcibly 
and fairly, and strikes well at the root of the evils of the 
— system of what we will call partial inspection. I 

ve for some time taken much interest in the subject, and 
have had also a considerable amount of correspondence 
with members of Parliament thereon. 

The only promise the Home Secretary will give is, that 
he will send some one, more or less competent, from the 
Board of Trade, to inquire into the causes of any disastrous 
explosions ; that is, taking measures after the mischief is 
done, and I am afraid unless the matter is forcibly agitated 
by the press or an association, it willbe some time before 
the Government will be induced to bring forward a Bill. 
I take it this isa question that affects not only engineers 
and steam users, but indirectly —— at large, as often 
the bread-winner of a family is killed or maimed by some 
of these “‘ accidents,’’ the result being the widow or chil- 
~_ are left to be supported by the much-enduring British 

payer. 

I may add I should be glad to co-operate by means of 
subscription or otherwise in any movement made to bring 
the matter to a successful issue. 


Yours faithfully, 
M. fowss BALE. 
20, Budge-row, E.C., December 30, 1879. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—The warrant market was 
still firm last Wednesday, and prices remained steady 
throughout, although the amount of business done was 
small. The quotations during the forenoon were from 
64s. 5d, to 64s. 6d. cash, and from 64s. 9d. to 65s. 3d. one 
month, sellers at the close asking 64s. 74d. and 65s. cash 
and one month respectively, and buyers offering 14d. per 
ton less. In the afternpon from 648. 3d. to 64s. 6d. eight 
days, and from 64s. 9d. to 64s. 10}d. one month were paid 
and the market closed rather duller. It was announced 
officially in the course of the afternoon that the stocks of 
pig iron had increased to the extent of 66,000 tons over the 
ear, and the effect of the announcement was seen in 
ers subsequently offering 64s. 5d. eight days to 64s. 9d. 
one month. There was no market on Christmas Day, and 
on Friday the market opened very strong, and prices 
showed a gain of 1s. 6d. per ton over Wednesday’s close. 
In the forenoon from 65s. 6d. cash to 66s. eight days, and 
from 65s. 73d. to 66s. one month were the quotations, and 
the market closed with buyers at 65s. 104d. cash and 
66s. 4id. one month, sellers asking 1}d. per ton more. 
There.was no market in the afternoon. Monday’s market 
opened pretty ettong. _pesene being 1s. over last week’s 
close, but a weakness set in, and prices receded, closing at 
last week’s final quotations. The business reported was 
done at from 67s. to 67s. 3d. cash and 68s. one month, 
closing with buyers at 66s. 74d. cash and 67s. 14d. one 
month, sellers 14d. over; and in the afternoon the quota- 
tions were 66s. 7}d. to 65s. 8d. cash, and from 67s. 14d. 
to 66s. 3d. one month, the market closing with buyers at 
65s. 10}d. cash and 66s. 44d. one month, and sellers asking 

14d. more per ton. The warrant market was very stron 

esterday, and the prices closed at the highest point, an 
s. 6d. per ton over the previous day’s close. The im- 
proved reports from America, and buying for the Ger- 
man markets being fully better, holders became very firm. 
Business was done in the forenoon at from 66s. 3d. down to 
65s. 73d., but heavy buying then took place, and prices 
were run up to 67s. 3d. cash, from . up to 67s. 6d. 
one month ; and the market closed with buyers at 67s. 14d. 
cash and 67s. 6d. one month, and sellers 14d. over. There 
was a steady advance in the afternoon from 67s, 3d. 
to 67s. 6d. cash, and from 67s. 9d. to 67s. 10}d. one month, 
and at the close there were sellers at 67s. 3d. cash and 68s. 
one month, and buyers 14d. less. The market opened steady 
this forenoon, when business was done at 67s. 1}d. to 67s. 
cash, and at 67s. 9d. down to 67s, 6d. one month, closing with 
sellers at the lower quotations, and buyers offering 1}d. per 
ton less. There was no market in the afternoon. The demand 
has been exceedingly good during the last week or ten days 
both from America and from the Continent. Makers’ 
prices for special brands have been advanced to the extent 
of from 5s. to 7s. 6d. per ton. The marked improvement 
of the past few months continues to develop steadily, and 
it is specially worthy of note that the advance in prices 
is based on a condition of things totally different from what 
existed last October. It n scarcely be mentioned that 
the experiences of that period have not yet been forgotten. 
Greater caution has been exercised.in operations, and up till 
the present the upward movement now in p s bas been 
more solid and less s lative. An excellent trade is 
looked forward to, and buyers are anticipating their spring 





requirements. Pig iron still continues to be transferred 
from makers’ stocks to Messrs. Connal and Co.’s warrant 
stores, and the total in the latter up till last Friday night 
was 417,130 tons, — an increase for the week of 
5605 tons. The number of blast furnaces in actual opera- 
tion still stands at 100, as compared with 91 at the corre- 
sponding date last year. 

_ Manufactured Iron Trade.—This branch of trade con- 
tinues to be wgeern iy active. There are considerable 
inquiries in the market, but it is found difficult to make 
purchases ; indeed, most makers are so well — with 
orders that they cannot accept fresh engagements, and the 
consequence is that prices are advancing without much new 
business. All the works will be pretty well employed for 
the next six months, which is a long time to look ahead. 


Fraserburg Harbour. — The Harbour Commissioners 
having given their sanction to the immediate commencement 
of the work of deepening the north and south harbours of 
Fraserburgh, the contractor, Mr. Charles King, Glasgow, 
may at once begin operations, so that by next year the 
work may be in full swing. It is expected that as the 
scheme is on a rather large scale, involving an outlay of 
between 30,0001. and 40,0001., a staff of from 200 to 300 
men will find employment at it. It is stated that, although 
Mr. King is by his contract allowed until Ist May, 1881, 
to complete the undertaking, he is yet to make an effort to 
finish by the Ist July next year. 


The Forth Bridge Contract.—Messrs. Joseph A. Currie 
and Co., cement merchants, Leith (agents for Messrs. I. C. 
Johnson and Co., cement manufacturers), have been 
successful in securing the order from Messrs. William 
Arrol and Co., Glasgow, for the whole of the Portland 
cement that is to be used on the Forth Bridge works. The 
quantity required is estimated to be over 20,000 tons. 


en of the Dundee and Lochee Tramways.—On 
Tuesday of last week the Dundee and Lochee tramways 
and the extension of the Perth-road line, Dundee, were in- 
spected by Major-General Hutchinson on behalf of the 
Board of Trade. A minute examination of the line was 
made, the cars going on in front, in the one direction, and 
running back to Dundee at a smart pace. At the close of 
the inspection,the general gave permission to open the line at 
once, and complimented Mr. Machison, the burgh surveyor, 
on the excellence of the work, remarking that be had never 
seen a better laid line. General Hutchinson mentioned 
that the question of employing steam power on the Dundee 


and Lochee line was at present under consideration, and 
that the decision of the Board of Trade would no doubt 
be given shortly. 


Rapid Steaming of an Allan Liner.—The Allan 
Royal Mail steamer Sardinian, which left Halifax on the 
afternoon of Saturday, the 13th of December, arrived at 
Moville at 3.50 a.m., on Sunday week, the 2ist of De- 
cember, after a passage of seven days eight hours—allow- 
ing for difference in time—which is believed to be the 
fastest run on record. 

Experimental Gas Buoy on Roseneath Patch.—About a 
fortnight the Clyde Lighthouse Trustees placed ‘on 
Roseneath Shoal (a dangerous pd, a patch off the 
Kilcreggan shore) an experimental gas buoy, on Pintsch’s 
system, with the view of testing its efficiency as a substi- 
tute for an ordinary lighthouse. The buoy was charged 


with sufficient to for several weeks, and up till 
Saturday it proved a great success, all — navigating 
the firth in the neigh hood of the ail of the Bank 


being high in its praise. When darkness set in on Satur- 
day, however, it was discovered that the light was ex- 
tinguished, no doubt caused by the strong wind which 
prevailed all that day. Some of the river pilots stationed 
at Greenock visited the buoy on Sunday, and found the 
lantern quite intact. The supposition, therefore, is that 
through some defect in the construction of the apparatus 
the fierce wind has blown out the light. This is a defect 
which must be overcome ere the buoy can for the future be 
trusted, as it ison such nights as Saturday, when a gale 

vailed, that navigation is most difficult and warning 
Eiicens are of the greatest value to mariners. ...No doubt 
the matter will receive the prompt attention of the officials 
of the Lighthouse Trustees, ; 


Proposed New Bridge over Glasgow Harbour.—A strong 
eeling is arising in favour of the idea of constructing a 
new bridge across the le at Glasgow Harbour, some 
distance west of the New lonian Railway viaduct. The 
chief reason in favour of the idea is that the harbour has 
extended so far to the westward that it is most incon- 
venient to get goods transferred from one side to another, 
and Broomielaw Bridge is already very much overcrowded. 





Tur New Eppystone LignTHovse. — Work on the new 
a at the Eddystone has been suspended, and the 

ercules, the steamship used as a tender of the engineer’s, 
is laid up in dock. The ci area on the south reef is 
enclosed by a massive dam; the site of the new tower is 
now almost cove by stonework in position, and within 
six months it is hoped that the basement of the building 
will be above high-water level. It will form a compact 
mass of oo masonry formed of stones 3 tons in weight 
each. The surfaces of the stones are very curiously inter- 
laced. It is considered that in preparing the foundation, 
most of which is some feet under water, and bringing the 
stonework to its present height, the engineers have com- 
pleted the most difficult portion of the undertaking, and all 
being well, the whole will be finished within two years. 
The new light will be visible from Plymouth. Although 
every atom of material used has to be conveyed in the 
Hercules from Plymouth, not a stone has been lost, and, 
notwithstanding the fact that the works are exposed to the 
oy ag of the Atlantic, there has been nv accident to life 
or % 
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THE TAY BRIDGE. 

THE disastrous failure of the thirteen largest spans 
of the Tay Bridge on Sunday evening last, attended by 
the loss of some seventy lives, is a calamity which is 
happily unparalleled in our railway history. Up to the 
time at which we are now writing the information 
available as to the details of the failure are not such 
as enable any precise opinion to be formed of its 
direct cause, and for reasons to which we shall 
refer later on, we therefore propose in the present 
article to confine ourselves almost entirely to a 
statement of the facts of the case, as far as they are 
at present known to us, leaving the lessons taught 
by these facts for discussion on a subsequent occa- 
sion. In the first place it may be desirable to 
trace briefly the history of the undertaking. 

A glance at the map of Scotland will at once 
show to what an important extent the railway com- 
munication between Edinburgh and the North is 
capable of improvement by the bridging of the 
Firths of Forth and Tay, and it is not surprising 
therefore that at an early date the possibility of span- 
ning these two important waterways. should have 
been discussed. As long ago as September, 1845, a 
meeting of the shareholders of the Edinburgh and 
Northern Railway (a line which after changing 
its name to the Edinburgh, Perth, and Dundee 
Railway, became ultimately merged in the North 
British system) gave power to their directors to take 
steps for the construction of a high-level bridge 
over the Tay at Newburgh, the estimated cost 





being between 100,000/. and 150,000/, while 
even still earlier a scheme for the construction 
of a low-level bridge near the same Fw had 
been discussed. Both these schemes fell through, 
but in 1854 the matter was brought prominently 
before the directors of the Scottish North-Eastern 
Railway by Mr. (now Sir Thomas) Bouch, who 
had for some years been paying considerable at- 
tention to the problems of bridging the Tay and 
Forth. The proposals of Mr. Bouch were not at 
the time entertained, and it was not until ten years 
later, namely, in October, 1864, that the matter 
was again seriously taken up, and the prospectus of 
a company for the construction of the bridge issued. 
Even then, however, the scheme met with much 
opposition, and the Bill which had been applied fcr 
was eventually withdrawn. A year later, however, 
the promoters, in conjunction with the North 
British Railway Company, gave notice of a second 
Bill, but this, owing to local opposition and other 
matters, into which it is unnecessary that we should 
enter here, was in its turn abandoned, not, however, 
before considerable progress had been made towards 
clearing the ground for future legislation. Even- 
tually, in the session of 1869-70, a third Bill was ap- 
plied for, and passed in the latter year, the plans 
thus authorised being those now actually carried 
out. 

Prior to the passing of the Tay Bridge Act in 
1870, there had been formed a company specially 
to promote the Bill in Parliament, and to carry out 
the undertaking. It was announced so far back as 
the month of August, 1869, by Mr. James Cox, 
in the Harbour Trust of Dundee, that not only were 
the plans of the Tay Bridge and connecting railways 
ready, and that the capital required for the comple- 
tion of the undertaking, bridge, and approaches, 
was estimated at 350,000/., but also that engineers 
of note had attested the estimates of Mr. Bouch, 
the engineer who designed the work, and that a 
contractor had been found who was willing to 
undertake the construction of the bridge for the 
sum named. Under an agreement come to in 
that year, the directorate of the Tay Bridge un- 
dertaking was to consist of six members—one-half 
to be chosen from the directors of the North British 
Railway Company, and one-half from the sub- 
scribers. Of the former there were selected Mr. 
James Cox, ex-Provost of Dundee; Mr. John 
Stirling, chairman of the North British Railway 
Company; and Mr. William Muir, Leith ; and the 
representatives of the subscribers were selected 
from the three chief towns of Scotland, namely, 
Mr. G. W. Clark, grain merchant, Glasgow; Mr. 
(now Sir James) Falshaw, Edinburgh; and Mr. 
James Yeaman, M.P., Dundee. Ata meeting of the 
shareholders of the North British Railway Company, 
held on the 31st of March, 1870, the directors were 
authorised, by an almost unanimous vote, to sub- 
scribe the sum of 100,000/. to the capital of the 
undertaking; and forthwith negotiations were opened 
with Messrs, Charles De Bergue and Co., of London, 
Cardiff, and Manchester, which resulted in a con- 
tract being closed with that firm for the execution 
of the work, the contract price being 217,000/., and 
the time specified for the completion of the bridge 
being three years. It took, however, six years to 
complete the work, and the total cost was increased 
to about 350,000. 

The contract for the construction of the bridge 
was taken by Messrs. Charles De Bergue and Co., 
in May, 1871, while on the 24th of the month follow- 
ing the foundation stone of the abutment on the 
Fife side was laid. The works thus commenced 
were carried on with varying success until in March, 
1873, the death of Mr. Charles De Bergue led to 
new arrangements being made, and eventually in 
July, 1874, the contract for the completion of the 
work was taken by Messrs. Hopkins, Gilkes, and 
Co., of Middlesbrough, who successfully finished 
the structure, the first engine passing over it on 
September 22nd, 1877, while on May 3vuth, 1878, 
the bridge was formally opened for traffic. 

In course of time the ownership vf the concern 
was taken over by the North British Railway Com- 
pany on the footing of their paying a premium of 
something like 30/. in consideration of the interest 
which had been accruing, at the rate of 5} per cent., 
during the period of construction, That was in the 
autumn of 1878, and the |p erg are now holders 
of shares of consolidated lien stock of the North 
British Railway Company. In connexion with the 
bridge und i 4g proper a large expenditure was 
incurred by the North British Company in provid- 
ing a commodious station and g warehouse a 





Dundee, in constructing sidings, and reclaiming 
waste ground for general station purposes. The 
loss involved in the present disaster may therefore 
be considered to be vastly in excess of the original 
capital of the bridge so long as the structure remains 
in its present condition, and the company is thus 
deprived of benefit from its outlay in station works. 
he bridge, which has a length of 10,350 ft., carries 
a single line of rails, and as originally designed it 
was to consist of 89 openings of spans varying from 
28 ft. to 200 ft., there eben 14 openings of the latter 
span. The piers were alsoto have been of brick- 
work in cement founded on cast-iron cylinders fitted 
with concrete. As the work proceeded, however, 
the original plans were departed from in many re- 
spects, both the number and spans of the openings 
being modified and the construction of the piers 
varied to suit the nature of the ground and other 
conditions. As eventually constructed, the brid 
consisted of 85 openings, namely: eleven of 245 ft. 
prs two of 227 ft.; oneof 166 ft. ; one of 162 ft. ; 
irteen of 145 ft. ; ten of 129.3 ft. ; eleven of 129 ft. ; 
two of 87 ft.; twenty-four of 67.6 ft.; three of 
67 ft. ; one of 66.8 ft. ; andsix of 28.11 ft. Of these 
openings all are lattice girders with the exception of 
that of 166 ft., which is a bowstring. Adjoining 
the northern end of the bridge also are four other 
openings, namely, a bowstring girder of 100 ft. span 
and three plate girders of 29 ft. span each. In the 
case of the bowstring girders and the thirteen 
largest spans the roadway was carried on the 
bottom booms of the girders, while in the case of 
all the other spans it is carried on the tops. The 
eleven 245 ft. spans and the two spans of 297 ft. 
each, are we may mention those which were carried 
away on Sunday evening last, and which have been 
generally referred to in the papers as thirteen spans 
of 245 ft. each. The lattice girders have a double 
triangulation with top and bottom booms of trough 
section, while the depth of the girder is one-eighth 
the span. On page 531 of our twenty-second 
volume we gave some outline diagrams of the girders 
and sections of the top and bottom booms, In the 
case of the large spans, the booms each consist of a 
trough 154 in. deep, by 15 in. wide inside, the 
bottom of the trough consisting of a } in, plate 2 ft. 
wide, while the sides are § in. thick, and connected 
to the bottom by 34 in. by 34 in. by in. angle iron. 
Similar angle irons are also rivetted along the upper 
edges of the sides. The weight of a pair of the 
245 ft. girders is about 190 tons. The girders are 
arranged in continuous groups, the thirteen largest 
spans forming two groups of four spans each, and 
one group of five spans, roller bearings being pro- 
vided where necessary to accommodate expansion 
and contraction. In the case of the eleven spans 
of 245 ft., the two spans of 227 ft., the bowstring 
span of 166 ft., and the lattice span of 162.1 ft., 
as-well as in the bowstring span of 100 ft. ad- 
joining the northern end of the bridge, the cross 
girders are of wrought iron, but in the remain- 
ing spans they are of pitch pine 12 in. by 9 in. 
The rails, which weigh 75 lb. per yard, are in 24-ft, 
lengths fished at the joints, and fixed in cast-iron 
chairs spiked down to longitudinal timbers 17 in. 
wide, and from 14 in, to 7 in. deep, the floor of the 
bridge between and outside these longitudinals 
being formed of 3-in. planking covered with asphalte. 
Guard rails are laid throughout the length of the 
bridge. The width of the platform is 15 ft. 

The bridge is not straight, but has a curve of 
20 chains radius at each end, while it also is con- 
structed with a rising gradient from each end, that 
from the northern end being 1 in 73.6, and that at the 
southern end 1 in 365. At the latter end the line 
starts at a point about 70 ft. above high-water level. 
but at the northern end the shore is lower, an 
hence the steeper gradient there adopted, At the 
highest point the rail level is—or rather was— 
88 ft. above high-water mark, this being at the 
centre of the large spans. As we have said, the 
construction of the piers is varied, the original 
design of constructing them of brickwork through- 
out having been adopted in the case of the four- 
teen most southerly piers only, At the southern 
side the bed of the river consists of shingle and 
boulders on the top of a hard red clay, which in 
its turn overlies the sandstone rock, Near the 
shore the depth of clay and shingle was small, and 
the rock easily reached, but further out the rock 
shelved away rapidly, and this led to a modification 
in the construction of the foundations. Towards 
the northern shore the bed is of sand overlying blue 
clay and rock, and here again other plans were 
resorted to. As ultimately carried out, the bridge 
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had, as we have said, fourteen piers at the southern 
end, constructed entirely of brickwork, while next 
come thirty-four piers built of brickwork to 5 ft. 
above high-water mark, and capped with stone, 
upon which are erected groups of cast-iron columns 
braced together. Next, counting from the southern 
shore, came piers 49 to 77, consisting of groups of 
braced cast-iron columns starting from cylinder 
foundations, and encased in brickwork to 5 ft. above 
high-water line, while piers 78 and 79 consist 
throughout of cast-iron cylinders filled with concrete, 
and piers 80 to 84 are cast-iron columns. The piers 
85 to 89, belonging to the spans which we have men- 
tioned as adjoining the northern end of the bridge, 
are of brickwork in cement. 

During the early om of the work the piers 
put down in the sandy part of the bed at the Dundee 
end were of cast-iron tubes braced together and 
sunk by forcing a current of water through them on 
the system introduced in this country by Mr. Brun- 
lees, while at the southern end the foundation of 
each pier consisted of a pair of cast-iron cylinders 
connected together and filled with brickwork and 
concrete, these cylinders carrying a pier built in 
the form of a pair of circular tapering towers. The 
cylinders were sunk by the ordinary pneumatic 
process. In the case of several of the piers other 
modified arrangements were adopted to suit special 
circumstances. When in 1874 the work was under- 
taken by Messrs. Hopkins, Gilkes, and Co., it was 
decided to adopt a single large cylinder, instead of a 
pair, for the foundation of each pier. For the piers of 
the large spans these caissons are 3] ft. in diameter, 
and great skill was displayed in designing and 
organising the arrangements for constructing them, 
and sinking them in position. Our space will not 
permit us here to describe these arrangements in 
detail, but we may mention that the wi ought-iron 
caissons were constructed on shore within the high 
water line, and after being lined with brickwork 
were floated out to their positions by the aid of 

ntoons, a mass of brickwork from 20 ft. to 22 ft. 
in height, forming the lower part of the pier, being 
also built up on shore and subsequently floated out 
and lowered down on the caisson previously filled 
with concrete. ‘The lower part of a pier having 
thus been got rapidly into place, it was subsequently 
built upas high as desired in the ordinary way. 

In the case of the piers of which we are now 
speaking the brickwork resting on the caisson has 
a hexagonal section 27 ft. long in the direction of 
the axis of the river and 16 ft. in the line of the 
bridge. On the top of this hexagonal mass of brick- 
work is a capping of stone in four courses of an 
aggregate depth of 5 ft., while on this again was 
erected a pier composed of six cast-iron columns 
braced together, four of these columns being nearly 
vertical and placed under the girders, while the other 
two are cutwater columns. ‘The two pairs of nearly 
vertical columns were 15 in. in diameter, and they were 
placed 9 ft, 10 in. apart from centre to centre through 
all their length in a direction transverse to the bridge, 
while in the other direction they were 12 ft. apart at 
the bottom and 10 ft. at the top. The two outer or 
cutwater columns were 18 in. in diameter, and they 
were 21 ft. 10 in. apart from centre to centre at 
their basis, and 19 ft. 10 in, at their summits, each 
of these columns having a rake of 1 ft. only. Each 
column was made in seven 10 ft. 10 in. lengths 
united by flanges, horizontal bracing being intro- 
duced at each joint, and diagonal bracing between 
the lines of horizontal bracing. Each cutwater 
column was connected at its top to the adjoining 
pair of 15 in. columns by short girders on which 
the girders of the bridge took their bearing, but 
there was, we believe, no through transverse girder 
fixed to the tops of the columns. The columns were 
filled with Portland cement concrete. So far as we 
are aware no complete details of these piers have ever 
been made public, and hence it is thus impossible to 
compare their design with that of the numerous 
successful works of a similar character which our 
engineers have carried out, especially in India, 
During the catastrophe of last Sunday night these 
piers appear to have failed utterly, they being in most 
cases entirely cleared away, while in two instances 
there are still some broken stumps of the columns 
remaining on the stonework. Thus on the fourth 
pier from the south side of the fairway there are 
still 7 ft, or 8 ft. of the ironwork surmounting the 
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* A full description of the mode of procedure ado 
will be found in = interesting paper, read by Mr. Bless 
Gilkes, in 1872, before the Institation of Engi- 
neers, and published on pages 530 and 542 of our twenty- 








stone coping, the hexagonal form in which the 
columns were grouped being still very evident. 
Pieces of the superstructure, however, have been 
tossed into the central cavity round which the 
columns stand in the most remarkable way, and bits 
of the broken pillars protrude on every side, The 
concrete with which the columns were filled is re- 
ported, from specimens picked up on Tuesday, to 
have been comparatively soft, a slight pressure of 
the fingers being sufficient to crumble it. 

Such was the structure which up to Sunday last 
had for more than a year and a half enabled the 
North British Railway Company to carry on their 
heavy traflic across the Tay, the last train which 
crossed the bridge safely being one which traversed 
it at a few minutes past 6 P.M. The next train to 
reach the bridge was the 4.15 p.m. from Edinburgh, 
which arrived atthe signal-box at the southern end 
at 7.14, the speed being reduced, it is stated, to about 
three miles per hour, to enable the signal-man 
Barclay to hand the * staff” to the stoker, the Tay 
Bridge being worked as a single line on the staff 
system. A signal announcing the entry of the train on 
the bridge was sent by Barclay to Dundee, and duly 
received there, showing that the communication was 
then unbroken. At the time the train arrived there 
was a terrific gale blowing, the storm being indeed 
so violent that fears as to the safety of the bridge 
appear to have been expressed by many people. The 
train, after passing the signal-box, was not watched 
by Barclay, who was otherwise engaged, but it was 
by a foreman surface-man, named Watt, who hap- 
pened to be in the signal-box at the time, and who 
states that after the train had reached the large 
spans, the last light, which had previously been 
clearly visible, suddenly y the Fearing that 
a failure of the bridge had occurred, Watt at once 
drew the attention of Barclay to the matter, but 
Barclay considered at first that the disappearance of 
the lights must have been caused by the train 
entering the curve at the northern end of the struc- 
ture, and the men then awaited the receipt of the 
return signal from Dundee. This signal did not 
arrive, and Barclay, on trying the telegraph instru- 
ments, found that the communication had been cut 
off. Convinced that an accident had occurred, 
Watt and Barclay first attempted to proceed on the 
bridge, but subsequently they decided first to spread 
the alarm. While doing this the moon burst out 
from behind a bank of clouds, and the men running 
down to the bank of the river, were enabled by the 
light to see that a great length of the central part 
of the bridge had broken down. Meanwhile at 
the Dundee side the non-arrival of the train and 
the subsequent cutting off of the telegraphic 
communication had spread the alarm, and after 
a short time Mr. James Roberts, the locomotive 
superintendent at Dundee, and Mr. Smith, the 
station master, managed at very serious personal 
risk to proceed along the bridge as far as the gap 
and satisfy themselves of the terrible truth of the 
supposed failure of the structure. At the same 
time it was of course Jeft open to doubt whether the 
train had actually been carried away with the bridge 
or had been stopped prior to reaching the gap, 
although the evidence of some persons who had 
been watching the train gave little hope. Into 
the steps subsequently taken to ascertain the truth 
we need not enter here, as they have been fully 
dealt with in the columns of the daily press, but it 
is only right that we should say that every credit is 
due to the Provost and authorities at Dundee for 
the promptitude and pluck with which they acted, 
the earliest possible opportunity being embraced to 
proceed by steamer to the central part of the bridge 
and at very considerable risk to examine the piers 
by the aid of a boat in the hope of saving some of 
the passengers by the ill-fated train. Unfortunately 
all their efforts, as is now well known, were without 
success. 

The train which was on the bridge when the latter 
was carried away consisted of the engine and tender, 
two third-class carriages, a first-class carriage, two 
more third-class carriages, a second-class carriage, 
and the guard’s van, or altogether seven vehicles 
arranged in the order in which we have enumerated 
them, Early on Monday an examination of the 
wreckage was commenced by divers, and on Tuesday 
the first-class carriage was found, this being suc- 
ceeded on Wednesday by the discovery of what are 
probably the remains of the whole train, although 
the parts in some cases ap to be so shattered 
that identification of all the vehicles has. not yet 
been ible. The train lies between the fourth 
and fifth piers of the large spans, and within the 





cage formed by the pair of girders with their top 
and bottom connexions, the engine being about 
30 yards south-east of the fifth pier. It would thus 
follow that eight spans must have fallen beyond the 
point reached by the train. The fallen girders are 
reported to be in some parts much contorted ; but 
no such detailed account has yet been given of their 
positions as would enable any deductions of value to 
be drawn, 

We stated in the early part of this article that we 
proposed to confine ourselves chiefly on the present 
occasion to a statement of the facts of the failure of 
the Tay Bridge as far as they are at present known, 
and to abstain from attempting to draw any general 
conclusions from these facts, and we take this course 
because we consider it especially desirable that such an 
important failure should not be discussed upon insuffi- 
cient data. Nothing is more calculated to cripple 
thorough inquiry into the cause of such a disaster than 
the early evolution of pet theories, which but too often 
lead their authors to take a most distorted view of 
facts when these become available. For this reason 
we shall, as we have said, abstain at present from 
expressing any decided opinion as to the cause which 
led to the failure ; but we may advantageously point 
to certain modes in which the failure may have taken 

lace. Up to the present, the only facts which can 

e said to be absolutely proved about the affair, are 
that the bridge was sound very shortly before 
the arrival of the ill-fated train, that it failed while 
the train was passing over it, and that at the 
time when the catastrophe occurred a gale of 
exceptional severity was blowing. Now it ap- 
pears to us that there are only four modes in 
which the failure of the bridge can have occurred 
in any way consistently with the facts as far as they 
are known, and these are: (1) that the train should 
have been partially overturned or caused to leave 
the rails by the force of the wind, and that in so doing 
it should have so injured the lee girder as to cause 
the destruction of the bridge; (2) that the girders 
should have failed laterally; (3) that the girders 
should have been canted over on their piers and in 
falling have destroyed the latter ; and (4) that the 
failure should have been due to the insufficient 
resistance of the piers to lateral strain, the piers 
first giving way and the superstructure then going 
ever bodily. Sir Thomas Bouch, it isreported, ad- 
vocates the first of these hypotheses, while we are 
inclined towards that last mentioned, although, in 
the absence of detailed information on many points, 
we have no desire to urge our views. 

As regards the force of the wind on Sunday — 
some interesting facts have been furnished by Dr. 
Robert Grant, F.R.S., the professor of astronomy at 
the University of Glasgow, where a very complete 
series of meteorological observations have for many 
years past been carried on, After describing the 
weather early on Sunday morning, Professor Grant 
says: ‘* At 10 a.m, the barometer again began to fall, 
and continued to do so till5 p.m. At the same time 
the wind, which was blowing from the south-west, 
began to veer round towards the south, and thence to 
south-east. A little before 3 p.m. the wind suddenly 
returned to the south, and commenced to blow vio- 
lently and with increasing velocity. At 3 P.M. the 
hourly velocity of the wind was 24 miles, at 3.30 it was 
42 miles, at 4it was 42 miles, and at 4.20 it was 60 
miles. At 6 P.M. the velocity was also 60 miles, du 
at 7.10 it reached 72 miles, and again at 8 P.M. there 
occurred a gust which brought the velocity up to 
72 miles. ‘This was the highest velocity attained, so 
far as could be indicated by our measures. I do not 
entertain the least doubt, however, but there oc- 
curred from time to time sudden gusts of wind which 
attained a velocity of 90 miles an hour. This is equi- 
valent toa pressure of 40 1b. on the square foot. On 
the occasion of the great storm of January, 1868, 
the maximum pressure, as indicated by Osler’s ane- 
mometer, amounted to 42 Ib. on the square foot. The 
conclusion at which I have arrived is that the storm 
of last Sunday was somewhat less intense than the 
great storm of 1868, but that it almost equalled 
it in this respect.” Professor Grant then gives the 
detailed numerical results obtained from the records 
of the anemograph (hourly velocity and direction of 
the wind), barograph, and thermograph. These 
results show that at the time when the Tay Bridge 
disaster must have happened the wind was W.S.W., 
and that the mercury in the barometer was at a 
height of about 28.98 in. 

Bearing these facts recorded by Professor Grant 
in mind, it will be of interest to quote here the opinion 
of Mr. Edgar Gilkes expressed in his paper read before 
the Cle Institution of Engineers in 1872, and 
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to which reference has already been made, He there 
says: ‘* A consideration of the action of the wind on 
this bridge will dissipate the often-advanced theory 
that at some period it will be blown over. The 
exposed surface of one large pier is about 800 square 
feet, and of the superstructure which depends upon 
it, about 800 more, and so giving 800 ft. for a train 
above, we have 2400 ft.; 2? lb. per square foot is 
the force of a very strong gale, but it would take no 
less than 96 Ib. per square foot on the surface given 
to overturn the pier. Even the most severe hurri- 
cane on record would equal only one-half this re- 
sistant power.” It will be noticed that in these 
remarks Mr. Gilkes takes the area exposed by the 
superstructure of one span as that due to one 
girder only, but it is at least uncertain to what 
extent the girder on the lee side of such a bridge 
can be considered as shielded by that to windward. 
With a perfectly horizontal wind blowing at right 
angles to the bridge, the shielding effect of the 
windward girder might be considerable, while on the 
other hand with a wind inclined tothe horizontal, 
its protective effect might be practically zi/. This 
is a point on which further information is wanted. 
We may also point out that the train which was 
traversing the bridge when it failed last Sunday 
exposed considerably over the 800 square feet of 
surface assumed by Mr. Gilkes. Such an engine 
and tender as that on the train would expose 
about 370 square feet of side surface, while the 
surface exposed by each carriage would be fully 
180 square feet, or 1260 square feet for the seven 
vehicles, making a total for the train, including 
the engine, of 1630 square feet. This is more than 
double the amount assumed in Mr. Gilkes’s paper. 
If to this be added an allowance for the effect 
of the wind on the lee girder, the deduction 
above quoted as to the resisting power of the 
bridge to lateral force becomes very materially 
modified. It would, however, be useless to 
dwell further on this point in the absence of data, 
which would enable the assumed stability of the 
piers to be checked. As for the wind pressure re- 
quired to upset an ordinary railway carriage, it may 
be pointed out that with a side surface of 180 square 
feet, with the centre of area say 7 ft. above rail 
level, each pound of wind pressure per square foot 
would exert an overturning moment of 180x7= 
1260 foot-pounds. On the other hand, taking the 
weight of the carriage at 20,0001b., which would 
act with a leverage equal to half the distance be- 
tween centres of rails, or say 2.46 ft., we have 20,000 
xX 2.46=49,200 foot-pounds as the resistance to be 
overcome, and the wind pressure required would 


300 This is 


thus be 49,200 _ 
1260 

of course an approximation, and would be varied 

according to the loading of the carriage. 

It is expected that a Board of Trade inquiry into 
the cause or causes of the disaster wil]. be opened next 
Saturday, and we hope by next week to be in posses- 
sion of more precise facts. Major Marindin arrived in 
Dundee on Monday, and one of his co-inspectors, 
Major-General Hutchinson, who officially inspected 
the bridge prior to its opening, arrived on the follow- 
ing day. Both of them have made most careful 
examinations of the condition of things that now 
— itself, and they have had every assistance 

rom the railway company’s officials and the harbour 

authorities. It is reported that the gentlemen who 
have been appointed to form the court of inquiry 
ordered by the Board of Trade are Colonel Yolland, 
Mr. Rothery, one of Her Majesty’s Wreck Commis- 
sioners, and Mr. W. H. Barlow, the President of the 
Institution of Civil Engineers. 


39.2 lb. per square foot. 








THE BRUSH ELECTRIC LIGHT. 

More than a year has passed by since the scientific 
world was startled, and a panic struck into the breasts 
of gas shareholders, by the cablegram announcing that 
Mr. Edison had solved the problem of the divisi- 
bility of the electric light and that he would speedily 
supply such lights into all households at a cost 
far below that of gas. Enthusiasts in his rare 
inventive faculty were disposed to believe this 
announcement; but more prudent critics threw 
doubts ane its reliability; and as time went on 
without bringing with it the promised lamp the 
public at large began to be sceptical of the alleged 
discovery ; and all the sanguine confidence of Mr. 
Edison himself, and the highly coloured reports of 
Yankee correspondents, could not shake the opinion 
which gradually gained ground that he had discounted 
success, The communication made by him during the 





summer to the American Association for the Advance- 
ment of Science on the tempering of metals ix vacuo, 
however, showed that he was still fighting manfully 
with difficulties occasioned by the lack of a metal 
sufficiently refractory to withstand the high tem- 
perature which it is necessary for his metal burner 
or ‘‘electropyre,” if we may be permitted to 
coin a word, to acquire without fusing; and 
few who know the strength of his genius and the 
resources at his command will doubt that if success 
can possibly be attained in the line which he has 
chosen, he of all other living inventors is the likeliest 
to reach it. The great advantage of the incandescent 
mode over the arc is that it yields a softer and 
steadier light, in fact, a light as nearly perfect as 
any light need be. But this advantage is more 
than counterbalanced by the extra cost of produc- 
tion, Mr, Edison, it is understood, has at last ap- 
proached very near to, if indeed he has not achieved 
a complete success. The latest information from 
Menlo Park is to the effect that after vainly 
ransacking the- world in quest of platinum- 
iridium in quantity, he has discovered in a sheet of 
stout drawing-paper all that he requires. Not the 
bowels of the earth nor the metallurgist, but the desk 
at his hand, and the paper maker is to be his friend 
after all. Mr. Edison takes a strip of the cartridge- 
paper, cuts out of it a small slip in the pattern of 
a horse-shoe, bakes it in an iron mould, puts it 
inside a glass globe from which he exhausts 
the air to one-millionth of an atmosphere by 
means of a Sprengel pump with a McLeod gauge, 
and having provided the requisite wires for the 
transmission of the electric current, he sends the 
electricity through the charred paper, and behold! 
it glows with a soft and brilliant light. The lamp 
may be hung up anywhere, and the light will take 
care of itself. It is to cost only a shilling (twenty- 
five cents), and Mr, Edison intended to celebrate the 
advent of the new year, and his own victory over 
the powers of darkness, by illuminating the village 
of Menlo Park on New Year’s Eve with 800 lamps. 
Sixty lights have been burning for some weeks in 
Mr. Edison’s laboratory, and the 7imes correspondent 
reports that he has seen them and believes them to 
be a complete substitute for gas. Each individual 
lamp gives a light of 16 candles, equal to one first- 
class gas-jet ; the resistance of the carbon and con- 
nexions being 100 obms. Light is turned on or off 
with the same ease as gas is, while the current can 
be transmitted through a wire as small as No. 36. 
A eentral regulator is used to maintain an even 
current from the generator to the lamps, while the 
amount of electricity used by each consumer is 
measured by meters. Mr. Edison is said to find that 
the best generators are those of 5 to 7 horse power, 
each horse power being able to feed eight lamps. 
As regards the cost of light he avers that 3 lb. of 
coal as fuel will supply eight to ten lamps for an 
hour. _ The light itself is said to be bright and 
clear but mellow and steady, more agreeable to 
the eye than gaslight, and available for at least 
every purpose to which gaslight is applied. We 
can of course understand how a slip of carbonised 
poner can be made to produce an excellent electric 
light in this way ; but until further experience has 
shown that the slip will endure without disintegra- 
ting it would be premature to congratulate Mr. 
Edis». on his undoubted success, 

Almost simultaneously with this news from Menlo 
Park an American electric light of a more sub- 
stantial kind was exhibited in London. At the 
offices of the Anglo-American Electric Lighting 
Company, 74, Hatton-garden, the latest improved 
form of the well-known Brush electric light was 
shown on the evening of Tuesday, December 23rd. 
Mr. Brush’s English patents have been bought by 
this company, and judging from the success of the 
light in the United States and its intrinsic ex- 
cellence as witnessed on that occasion, we anticipate 
a pushing future for it in this country. It is more 
especially designed for use in large factories, mills, 
theatres, hotels, shops, mines, engineering works, 
steamers, and public buildings, and at present the 
manufacturers (the Telegraph Supply Company, 
Cleveland, Ohio) are said to be unable to keep 
pace with the demand. On Tuesday evening from 
sixteen to eighteen lights were maintained in the 
single circuit of one machine, each light being stated 
by Mr. Laddas equal to 960 standard candles when 
the photometer is placed on a level with the lamp. 
With the lamp elevated so as to cause -the rays re- 
fiected from the hollow end of the upper carbon 
to fall with an incidence of about 45 a . on the 
photometer the light is much more intense. The 





power was derived from a Wallis and Steevens 
steam engine of 8-horse power nominal, and the 
Brush machine was that known as No.7. A 19- 
horse power nominal engine is stated to be able to 
drive two of these machines, so as to maintain two 
separate circuits each comprising sixteen lights of 
about 2000 candle-power each. 

The ‘ Brush” , ata cny sits are made in 
several sizes capable of operating from one to six- 
teen or even more lights in a single circuit, which 
may be 10 or 12 miles long. In construction they 
differ to some extent from other machines of the 
same kind, both in the armature field magnets and 
commutator ; and they are so constructed that the 
wearing parts, such as the segments of the com- 
mutator and Brush contacts, can be easily replaced 
when necessary, by an ordinary mechanic at trifling 
cost. The current obtained is continuous, but of a 
high electromotive, force in order. to overcome the 
resistance of a long circuit and a considerable 
number of arcs. In the type called ‘ No.7” from 
sixteen to eighteen powerful lights can be operated 
in one long circuit, each having an arc of two milli- 
metres in length, the machine running at 750 re- 
volutions of the armature per minute and absorbing 
about 13.5 horse power, and each lamp consuming 
about 1} in. of carbon per hour, e machines 
may be run for any number of hours continuously, 
without overheating or becoming less effective 
through continued use; and by means of a special 
device called a ‘‘ regulating attachment” any smaller 
number of lights than the maximum can be fed 
from it by a reduced current generated by propor- 
tionally less power. 

The lamps are exceedingly simple and practical in 
construction. In appearance they are merely an 
open rectangular frame of iron with a closed box 
above containing the regulator and the two carbons 
down the middle, ‘They are thus very unlike the 
elaborate pieces of mechanism ae applied to 
this purpose. They contain no clockwork whatever, 
and no adjustment is required beyond replacing 
carbons when consumed. By means of an automatic 
‘¢ cut off” each lamp may be wilfully or accidentally ex- 
tinguished without sensibly increasing the brightness 
of the others in circuit, for the corresponding increase 
in their illumination is only one-sixteenth. The lamp 
is placed in position by simply hanging it up, so that 
it is in every way suitable for general purposes. 
They are constructed to burn eight hours without 
renewal of carbons; but a ‘double rod” lamp is 
also made having two sets of carbons, one set being 
automatically lit after the other set is consumed, and 
this lamp serves for sixteen hours ; while by intro- 
ducing three sets of carbons the light can be kept in 
for twenty-four hours, No removal of short emis of 
carbon is nece , and a saving of about 25 per 
cent, of carbons is thereby effected, Other forms 
of lamp are made, such as the focussing lamp for use 
in lighthouses with reflectors, or at the heads of 
ships and locomotives. 

he carbons are in the form of two cylindrical 
rods pointing to each other vertically as in the oldest 
form of the arc. Those for the ‘ general purpose” 
lamp shown on Tuesday evening were 7 in. long and 
a little over j in, in diameter, and copper coated, 
They are remarkably pure, and contain only about 
$ per cent. of impurities, whereas those in general 
use contain from 2to 3 per cent. This fact probably 
accounts for the uniform consumption of the carbons 
which is found to take place, for the remarkable 
steadiness of the light, the absence of that sparking, 
hissing noise, and variable violet tinge which accom- 

y even the best of our English electric lights. 
The beautiful silvery lustre and steadiness of the 
Brush light astonished all who saw it. The light 
can either be left naked or covered bya globe. The 
aim of the Brush light is to multiply the number of 
lights in a single circuit, and it is capable of working 
lights at a considerable distance from the source 
with a very small apparent loss of power. For 
example, in one of the experfments performed on 
Tuesday evening the current was sent through 
1} miles of wire and then immediately changed toa 
cireuit of only 250 ft. without any perceptible 
alteration in the intensity of the light from thesixteen 
lamps. With machines designed to yield a large 
current of low electromotive force for the main- 
tenance of one or two very powerful lights, this could 
not be done, owing to the high external and low 
internal resistance of the circuit. 

The cost of the light may be gleaned from the 
following statistics. elve lamps in the Monu- 
mental Park, at Cleveland, Ohio, illuminating 12 
acres filled with trees, have displaced 100 44-ft, 








14 


ENGINEERING. 


[Jan. 2, 1880, 





burners ; two lamps at the Williamantic Linen 
ompany’s works, Connecticut, in one room displace 
62 5-ft. burners, and cost only 2d. per hour as 
com with 1s. 8d. for the gas ; forty-eight — 
at the Riverside Worsted Mills, Providence, R.I, 
displace over 800 5-ft. gas burners, and cost 1d. per 
hour per lamp, or 4s. for the forty-eight including 
wear and tear and all expenses, as against 16s. per 
hour for gas, and thereby effecting an annual 
saving to the proprietors of over 1000/, The cost of 
the sixteen lights exhibited on Tuesday evening was 
given as 1s. 10d. per hour. 








THE INSTITUTION. 

Tue annual general meeting of the Institution of 
Civil Engineers held on Tuesday, the 23rd ult., was 
of more than ordinary interest on account of the 
effort made to elect as a Member of Council, a 
gentleman whose name did not — on the list pre- 
pared by the Council. This effort, though unsuc- 
cessful, did not fall far short of success, for if we 
are rightly informed, Mr. Price Williams was de- 
feated on A for want of four votes, and while his 
partisans doubtless greatly regret their failure, he and 
they must feel fully compensated by the elections that 
were made—those of Mr. E. A. Cowper, Sir Charles 
A. Hartley, and Sir W. Thomson. In a former 
article we explained our reasons for ay 4 Sone 
approving of the practice of ‘running in” a Mem- 
ber of Council, inaugurated at the last meeting, but 
we are glad the attempt was made because we be- 
lieve it will form a useful lesson to the Council, and 
it will teach the members that it is possible for them 
to carry any measure they may desire, Thanks to the 
boldness with which Mr. Price Williams as the un- 
biassed champion of a principle, stood in the breach 
he had made, and braved misunderstanding That 
the mode of electing the Council requires some altera- 
tion, is very generally accepted. We have frequently 
pointed out that as the positions of Member of 
Council, of Vice-President, and of President are the 
most honourable that it is in the power of the pro- 
fession to achieve, so all arncdren +t » facilities should 
be afforded by the Institution to secure these pri- 
vileges for all such of its members as are considered 
by the Society duly qualified for it. So long 
as the present system is in force such a desirable 
end must remain unachieved, and existing Members 
of Council will om | their positions at least twice 
as long as they should do in justice to other mem- 
bers of the Institution, and in view of the true wel- 
fare of the Society. We have always maintained 
that in preparing the house list, the members have 
at least as much right totake a part as the Members of 
Council, and ony Meniver supported by a given num- 
ber of signatures should be eligible for election. In 
this way only can a representative Council be formed, 
andthe requirements of the Iustitution complied with. 

We publish on another page an abstract of the 
annual report presented by the Council, and which 
will be found to contain much that is satisfactory 
as regards the prosperity of the Institution, Com- 
mencing with a brief review of the growth of the 
Society, the report points out that although it was 
founded in 1818, from which time periodical meet- 
ings were held for the reading and discussion of 
original papers, no published record of the Proceed- 
ings occurred until 1836, when a quarto volume 
was issued containing aselection of the best original 
papers that had been communicated up to that date. 
An abridgment of all the Proceedings followed the 
first mode of publication, and the volumes, meagre 
at first, were gradually enlargec, until in 1845 the 
annual volume amounted to 410 pages and contained 
29 plates. ‘The continually increasing work of the 
Institution rendered it necessary in session 1869-70 
to divide the Proceedings into two volumes, and this 
system was followed until 1875, when the number 
of annual volumes was increased to four, and a 
large number of selected abstracts were included. 
Of the manner in which the Transactions are now 
produced, their value, and the promptness with 
which they are issued to the members, we need say 
nothing, excepting that in almost all, if not in all 
respects, they take the lead of the publications pro- 
duced by any society. As regards the growth of 
the library, the report refers to the fact that in 1824 
the collection comprised 77 books and maps, while 
at present it consists‘of 15,500 volumes, and 420 
volumes of pamphlets. During the past session the 
somewhat arduous and not le task of dividing 
the Associate class into professional and —— 
fessional members devolved on the Council. i 
task was conscientiously and thoroughly completed, 
but not of course to give universal satisfaction. 
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Of the 1670 members who had thus to be dealt 
with, 1080 were passed to the Associate mem- 
bership, the remaining 590 remaining Associates 
with corporate rights. Since the beginning of the 
session 1878-79, there have been elected 40 Mem- 
bers, 15 Associate Members, 23 Associates, and 
one Honorary Member, M. Tresca: the transfers 
have included 68 Associate Members passed on to 


membership. After making a deduction from the. | 


total number of members of 71 lost by resignations, 
deaths, and erasures, there remains a net increase of 
145 members to the total strength of the Institu- 
tion. The income of the Society from all sources, 
has been 15,158/. for the past year, and the expen- 
diture has been 14,450/., out of which sum 4568/. 
were expended in the publication of the Transactions. 
As the subscriptions for the year amounted to 9097/. 
it will be seen that more than half of their annual 
contributions is actually returned to the members. 








CONTINUOUS BEAMS. 

A few weeks since Messrs, Perry and Ayrton read 
another paper at the Royal Society on the apparently 
inexhaustible subject of continuous beams. After 
stating that in their opinion all objections to the use 
of the principle of continuity when spans are more 
than 250 ft. are really based on difficulties of calcu- 
lation, and stating what had been done by mathe- 
maticians already, they proceeded to deduce the 
— of three moments in its most general form. 
The form given has more terms than some others, 
but it has the advantage of lending itself to calcula- 
tions for the most varied distribution of loads and the 
most varied changes of cross section of beams. 
Graphical illustrations were exhibited of such calcu- 
lations made by students and assistants whose 
knowledge of mathematics was very limited. The 
authors asserted that in three days any student can 
be made to understand the whole method, and that 
one week is sufficient for complete calculations to 
be made in sucha problem as the following: Design 
a lattice-girder bridge with two main girders of con- 
stant depth, to carry a double line of railway ; three 


spans 200 ft., 300 ft., and 200 ft. Link-polygon 
methods of calculation are only very partially used, 
and integration is largely superse ed by the actual 


drawing of curves and calculation of areas by 
measurement; a good planimeter or a Thomson’s 
integrator, the authors state, would reduce the 
labour of the above problem so much that it might 
be finished in one day. 

The notes of four lectures, based on the preceding 
investigation of Professors Perry and Ayrton, de- 
livered in 1876 to the students of the Tokei College 
of Engineering, Japan, are interesting and, in a cer- 
tain sense, amusing, as showing that the problems 
encountered are no less fascinating to the Japanese 
than they nee during the past thirty years 
to mathematically-disposed engineering students on 
this side of the globe. At the moment when the 
authors were developing their ‘new and improved 
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method” of calculating the stresses on continuous 
beams in Japan, Captain Cunningham was working 
at the same subject for the Roorkee College, India, 
and Mr. Bender was advancing yet another ‘ im- 
proved method” in a paper read before the Society 
of Engineers in America. It is only fair to the 
latter engineer to state that he avowedly regarded 
his investigations as useless, since his practical ex- 
perience had led him to the conclusion that no 
formule did or ever could represent the probable 
stresses in a trustworthy manner, since the in- 
variably and necessarily accepted hypothesis of a 
constant value for the modulus of elasticity has no 
sufficient justification in fact. We fear this is but 
too true, and that such investigations as Messrs, 
Perry and Ayrton’s will have to be accepted with 
the reservation that they are only approximately 
right as regards practical results, though entirely 
satisfactory from a theoretical point of view. 

Mathematicians are not slow to reiterate that 
the real cause of the prejudice American engineers 
universally and practical engineers very generally 
entertain against continuous beams is the difficulty 
of the required calculations. We think there can be 
no fair grounds for such an assertion, since we have 
shown on several occasions that the most compli- 
cated case of unequal spans, varying cross-sections, 
and irregular loading can be solved as readily as the 
most simple case of an independent girder, with the 
aid of a slip of wood and pair of letter scales, Half 
a dozen students working in this way independently 
with half a dozen slips of wood would get results 
differing no doubt slightly with each other, but 
this variance would have the invaluable result of 
enforcing upon their attention the difference be- 
tween practical results and those based upon the 
hypothesis of uniform elasticity, for it is certain 
that a fairly selected strip of wood is more homo- 
geneous than an average rivetted girder, and it 
follows that the actual strain on the latter might lie 
anywhere between the limits indicated by the half- 
dozen strips of wood. In short we think more could 
be learnt in an hour by the intelligent use of the 
strips of wood than by months of refined calculation 
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AN IMPROVED RESISTANCE BALANCE. 


WueEn the Committee of the British Association 
appointed to consider the question of standards of 
datas resistance had completed their labours, they 
deposited a number of copies of the British Associa- 
tion unit of resistance, technically known as the 
ohm, at the Cavendish Laboratory, Cambridge, in 
the custody of the late Professor Clerk-Maxwell, 
who had been a member of the body, and was then 
the professor of experimental physics at Cambridge. 
It is the custom to com these units from 
time to time with one another at different tempera- 
tures, in order to determine their variation in resis- 
tance, if any, and the coefficients of their variation 
with temperature. In doing this Professor Crystal 
has employed a delicate method suggested by Pro- 
fessor Foster, and applied by Mr. Hockin in his 
‘‘ metre resistance bridge.’ This consists in making 
as exact a comparison of the two coils compared as 
possible by the Wheatstone balance in the ordinary 
way by bringing the deflection of the light spot on 
the scale down to zi/, then quickly exchange the posi- 
tions of the coils on the bridge, and noting the amount 
by which the zero has shifted, or what amounts to 
the same thing observing the difference in resistance 
now required to give a deflection of ni/. It is obvious 





joined across the middle of the balance ; and the 
galvanometer G is connected by the wire w to the 
sliding contact K on the one hand, and to the oppo 
site corner of the balance T on the other. e 
terminals A, B, C, D, &c., are mercury cups formed 
by enclosing an amalgamated copper pin within a 
short hollow tube of gutta-percha, as shown, and 
filling up with mercury. Into these the stout copper 
electrodesof the British Association units are inserted, 
and kept down intofirm contact with the amalgamated 
four pins by asimple spring device, so as to keep the 
resistance of the contact constant. The ly of 
each unit coils is dipped into a hot-water can, as 
shown. The can is made of zinc, and is double 
walled, so that hot water can be circulated in it 
without wetting the coil in the interior, and a 
wooden lid which folds over serves to keep in the 
heat. It should be added that a transparent screen 











that by this plan any error in the first determination 
is trans to the other side of the bridge, and 
since it biasses both measurements in contrary 
directions, the difference between the two measure- 
ments will represent twice the error. In order to 
carry out this method with strict accuracy, however, 
special precautions have to be taken for the purpose 
of shifting the coils speedily without altering their 

rior conditions of temperature, &c., and in design- 
ing his improved resistance balance, Dr, J. A. 
Fleming, of St. John’s College, Cambridge, has 
had this end in view. 

This instrument was described and exhibited by 
him for the first time at the meeting of the’ Physical 
Society on December 13th. It is represented along 
with all auxiliary apparatus for comparing British 
Association units in Fie. 2; but Fig. 1is a theoretical 
diagram showing the connexions, and it is proper to 
consider this fi first. The principal part of the 
balance is the variable resistance which serves for 
the measuring part. This consists of a thick circular 
wire W of platinum-iridium, an alloy which gives a 
high resistance, and is not subject to atmospheric 
decay. ‘This is countersunk in an ebonite disc 
set on a circular base of mahogany, and a finely 
graduated scale marks the circle of the wire. A 
copper arm I revolving round an axis in the centre 
of the circle made by the wire, carries at its outer 
extremity.a small ‘‘ make and break” key or trigger 
K fitted with a knife-edge of platinum, which can 
be pressed by the finger so as to make contact at 
will with the wire beneath, The button of the key 
is of ebonite to insulate the heat of the former from 
the metal contacts. The arm is also provided with 
a vernier V working with the large scale beneath, 
in order to determine the point of contact to within 
yaeth of an ohm. The ends of the circular arc 
formed by the resistance wire are connected to a 
number of strong copper contact cups and bands, 
A, B, C, D, &c, on oneside, and A‘, B‘, C’, D', &c., 
on the other, the connexions between these being as 
shown on the diagrams, They are supported in the 
instrument by a promontory jutting from the cir- 
cular mahogany base, and serve to connect the coils 
U'”, U, &c., to be compared to the balance. The 
battery L, of two or three Leclanché elements, is 





which moves round with the arm is laid over the 
variable resistance, so as to screen the heat of the 
tester’s hand off the sensitive platino-iridium wire 
below. 

It is evident on reference to Fig. 1 that by this 
arrangement the two coils U' U to be compared can 
be shifted to opposite sides of the balance without 
appreciable disturbance of their temperature and 
other conditions, for in order to shift U to the 
other side it is only ne to transpose it from 
the contact cups A C to the cups B D, and similarly 
in order to shift U' to the other side it is sufficient to 
shift it from the cups D' B! to the cups C' A’. This 
process can only occupy a few seconds, and does not 
remove the coils from the heating cams at all. 

The temperature of the coils is obtained by 
sensitive thermometers ye: 9 into the air chamber 
containing them; but Professor Crystal has sug- 
gested the employment of thermo-electric junctions 
attached to the cases of the coils, and we understand 
that Dr. Fleming proposes to improve on this plan 
by — the junction communicate with the inside 
of the coil, 


PNEUMATIC FOUNDATIONS. 

Some time ago* we described the caissons used in 
building the river piers of a new stone bridge at Prague. 
In the article referred to we mentioned also the dredging 
apparatus fitted to the caissons, and we now propose to 
describe it in its general features together with the air 
chamber. The engravings on the opposite page will 
convey a general idea of the arrangements, and we shall 
confine our description to a few explanatory remarks. 

The air chamber, placed at the top of each es gre 
shaft, consisted of an elliptical main body (A B), to 
which two somewhat shorter circular cylinders (O C) 
were laterally attached. As may be seen from our illustra- 
tions, the main body of the air chamber was divided bya 
partition wall into two parts A and B, This partition 
was carried right down through the shaft dividing it 
into a footway shaft B, and a drawing shaft A,. 

The part B formed the entrance chamber and could 
be closed by a sliding door z, whereas in the bottom of 
this chamber there was a valve door opening downwards, 
which could be raised and fastened by a tackle. The 
workman having entered the chamber B closed the door 
z and admitted compressed air by a cock from the 


* See ENGINEERING, vol. xxv., p. 359. 








neighbouring part A. Equilibrium having thus been 
established between the air pressure in B and B,, the 
workman opened easily the valve door in the bottom and 
descended into the shaft. 

The other part of the chamber, viz. A, contained the 
dredging machinery which, by means of a wire rope, was 
driven from a locomotive engine. From the rope pulley 
e motion was imparted to the shaft g through the gearing 
Jf. The shaft p, carrying the chain drums, was usuall 
driven at a speed of 3} revolutions per minute, which 
corresponds to a speed of the bucket chain of about 2# in. 
per second or 13} ft. per minute. The buckets were at- 
tached to the chains at intervals of 5 ft. 10} in. and con- 
tained about 0.08 cubic yards each. From these data 
the quantity of material raised by two dredgers* is 
easily calculated. It is equal to 2} yards per hour. 
When, however, rough gravel had to be raised the 
quantity drawn was much less. 

A special apparatus was designed for the removal of 
the raised material, and we shall now describe this 
arrangement with reference to our drawings. A trough 
t was attached to the end of a lever s swinging round a 
pivot. This lever was guided by an arc ww, which 
served also to limit the motion of the lever. ‘From the 
shaft g another shaft m was driven by gearing k, and 
this shaft m carried a drum with a crooked groove on its 
surface. The short arm of a lever n (turning round the 
pivot p) was engaged into this groove, so that, when the 
drum was turned, the lever n was rocked to and fro. 
The lower end of this lever was attached to another lever 
g by means of a rod r, whereas the lever gin its turn was 
connected to the lever s by another rod v. It is now 
easily understood how the turning of the grooved drum 
caused the lever s to swing in such a way, that it alter- 
nately stood in an upright position with the trough ¢ 
ready to be filled, and again was inclined to the left, as 
shown in the drawing. When, however, the lever s was 
engaged into the notch @ of the rod v (instead of being 
attached to its end), the motion of the lever s took place 
to the right from the central upright position. 

Now the gearing k was proportioned in such a manner 
as to give one revolution to the shaft m and its drum 
during each passage of a bucket, whereas the groove 
on the drum caused the lever s to stand upright, when- 
evera bucket was just passing the top of the chain drums. 
Thus the contents of the. bucket were thrown into the 
trough ¢, and as this receptacle was inclined to the left 
immediately afterwards, not only the material was emp- 
tied into the chamber OC, but the trough ¢ was also 
brought out of the way of the descending bucket. This 
manwuvre repeating itself at each passage of a bucket, 
the earth and gravel accumulated by degrees in the left 
chamber C. When the chamber was filled, the dredger 
was stopped, the opening 6 on the left side was closed 
by a sliding door, whereas that on the right was opened. 
The cylinder a (on the right side), which formed a kind 
of slide valve in the cylindrical box D, having been 
lowered previously, the right-handed chamber C was 
prepared to receive the raised material. Next the lever 
s was engaged into the notch @, the lid « of the trough 
t was closed and that at «+ opened, after which the dredger 
was started, emptying now its contents into the right 
chamber C. In the mean time the left chamber © (being 
now quite isolated from the interior) was emptied b 
raising the cylinder a, which caused the earth to fall 
through the opening d into prepared barges. 

The reader will remember that there were two shafts 
to each caisson, their position being near the respective 
centres of gravity of the horizontal section of each half 
of the caisson in order to reduce the necessary carriage 
of the excavated materials to a minimum. For it is 
evident that the dredgers could only take up the material 
immediately below the shafts; the excavation proper 
had therefore to be done by hand, But the material was 
constantly heaped below the two shafts, from whence it 
was automatically removed and raised to the surface by 
means of the dredgers, 





MANUFACTURED IRON PRODUCTION IN 
1879. 

Ir would appear from the returns of the accountant 
to the Northern Board of Arbitration for the Manufac- 
tured Iron Trade that there has been a marked declension 
in the output of all classes of iron during 1879 when 
compared with its preceding year. But certain qualify- 
ing circumstances require to be taken into account, 
before we can come to a right conclusion in the matter. 
The figures are necessarily those of the manufacturers 
associated with the Board of Arbitration, and the number 
of these has been much reduced during 1879 by the 
failure of two or three firms, and the withdrawal of others, 
and hence the figures represent less than they did of the 
total production of finished iron in the North of England. 
But so far as they go they are valuable indications of the 
extent of the trade of its class, and of the value of that 
trade. We may therefore take the figures that are sup- 
plied to us from this source, and compare them with 
those for the past year, not as representing the whole of 
the output of the North of England in finished iron, but 
as representing the output of the associated makers. 








* There were two air chambers and consequently two 
dredgers to each cai 
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We can best show the fluctuations of the trade by re-ar- 
ranging the tables of production, and by classing them 
under respective heads according to the nature of the 
article produced. Roughly it may be said that in 1879 
there was by the associated makers a production of 
nearly 300,000 tons of finished iron as against close upon 
410,000 tons by the associated employers in 1878. 
Taking now the details of that production we may thus 
arrange them for these two years. 


Output, Manufactured Iron. 
1878. 














1879. 
Rails : tons tons. 
First quarter ove 5,618 1,684 
Seaenel es oss eee 8,820 1,447 
Third od eve 5,031 1,8 

Fourth ,, . 2,176 2,257 
Total rails 21,645 6,768 

Plates : 
First quarter + 50,181 43,752 
Second ,, ee 62,759 47,297 
Third _s,, .. 57,687 41,124 
Fourth ,, oo» — 63,395 41,524 
Total plates 233,962 173,697 

rs: 
First quarter 22,860 13,983 
Second ,, we «. 19,584 19,580 
Third ,, on ee 17,755 15,041 
Fourth ,, ; eo» 18,082 12,244 
Total bars... .. 78,281 60,848 

Angles : 
First quarter ove 17,622 16,054 
s nd a ° 23,733 11,331 
Third 99 22, 9,262 
Fourth ,, 23,658 12,2 
Total angles nes 48,891 


87,649 

The apparent declension in the production—subject to 
the exception previously named—is that the rail produc- 
tion has fallen from 21,645 tons to 6768 tons—or 14,877 
tons; the plate manufacture shows_a loss of about 
63,265 tons; the bar trade has not suffered so seriously 
—the falling off being 17,433 tons; but in the angle 
manufacture there is a declension more serious—of about 
38,000 tons. In neither of the years are the fractional 
parts of tons included in the quarterly statements. It is 
noticeable that in every branch of the industry there was an 
improvement during the last quarter of the year—except 
in bars—that in angles being the most prominent. As 
to the proportion to the total we may take the last 
quarters of each year as representative ; and the figures 

will then show as follows: 
Proportionate Output. 
1878 





1879. 

Rails... eos qe 2.03 3.03 
Plates aed eee eve 59.07 57.53 
Bars ... eee ete eee 16.85 22.33 
Angles ove 22.05 16.91 
100.00 100.00 


It is evident that there is a slight quantitive revival in 
the iron rail trade and one also of proportion; but too 
much cannot be said on this point as the kind of produc- 
tion of the works withdrawn would affect the total. The 
game remark does not apply to the prices, and for the two 
illustrative quarters they may be quoted as under: 


Prices, Manufactured Iron. 
1878 





i 1879. 

£ s.d. £58. 4d. 

Rails ... on 418 3 
Plates ... 62 6 5 5 4 
Bars «. 518 6 511 0 
Angles 579 5 0 5 
titive average ... 518 7 5 5 6 


Although there is thus shown a declension in all 
classes of iron, it may be said that it is less severe than 
in many previous years, and that it is now being partly 
recovered from, the prices for the last quarter of 1879 
being above those for the third quarter in all classes. 
The recovery so far has not been very great, but it is 
certain that in the next return it will be found to have 
been much more rapid, for the market rates are very far 
above the prices above shown as realised, and as con- 
tracts now expire, they are gradually being brought 
nearer to the market rate than those above shown to 
have been prevailing during the great bulk of the year. 
It is regrettable that there has been such a departure 
from the ranks of the associated makers, and it is to be 
hoped that there may be a return as works are restarted. 
All the northern iron works benefit by the operations of 
the Board of Arbitration, and whilst its cost would fall 
much lighter on those included if thir ranks were in- 
creased, it may be said that the returns procured would 
be still more valuable if they more nearly represented the 
total production of the North. Our inaustrial statistics 
are greatly helped by these returns, and if the iron 
manufactures of other districts could see their way to 
the compilation of similar statistics, an increased benefit 
would accrue to the trade as a whole. 





AmeERIcAN TeLe@RaPHy.—The Western Union Tele- 
graph Om has reduced itg rates from New York to 
rom 


to 50 cents. for ten words; to St. Louis 
from 75 to to 60 cents. ; and to Cincinnati from 60 to 50 cents. 





ON THE QUANTITATIVE ELEMENTS IN 
HYDROGEOLOGY.* 
By Joszrxn Lucas, F.G.S. 
PERCOLATION. 
A. Divisions of the Rainfall Year. 

1. Mr. Evans, F.R.S., divides the year into the winter 
half commencing October 1, and the summer half com- 
mencing April 1. 

2. Messrs. Lawes and Gilbert take the harvest year from 
September 1 to August 31. 

3. Mr. Greaves gives in parallel columns the amounts 
for each quarter and for the 7 ending at each quarter, 
March, June, September, and December. 

4. Ebermayer divides the year into four quarters : spring, 
March, April, May; summer, June, July, August; 
autumn, September, October, November; winter, De- 
cember, January, February; giving his annual totals in 
respect of the twelve months a rch to February. 

(He also compared the winter and summer half-year 
adopted by Mr. Evans). 

In a paper read at the Meteorological Society,+ Mr. 
James Glaisher, F.R.S., supplies materials (which are 
— in Table I.) for comparing these various 
me 8. 

















Taste I. 
Period. Least Rain. Heaviest Rain. 
5 day Feb. 15 to Feb. 19 | July 25 to July 29 

c-_ March 22to March31| Oct. 18 to Oct. 27 

WB os March 17 to March 31| July 15 to July 29 

30 ,, March 2 to March 31) Sept. 28 to Oct. 27 

60 ,, March 2 to April 30 | August 29 to Oct. 27 

SD a Jan. 31 to April 30 Sept. 8 to Dec. 6 
120 ,, Jan. 1 to April 30 June 30 to Dec. 27 
This Table shows that the rainfall year, adhering to 


monthly units, divides itself into two halves, commencin 
March 1 and September 1, thereby proving the sagacity o 
Ebermayer. 

B. Divisions of the Percolation Year. 

The'Table does not support the divisions commencing 
October 1 and April 1, as the half year commencing 
October 1 contains the wettest as well as the driest month. 
Nor does it admit of the quarterly arrangement commencing 
January, April, July, Setober or of the harvest year 
September to August. 

These facts are stated with a view to securing uniformity 
amongst future observers. 

The month of March contains the driest ten-day, fifteen- 
day, and thirty-day periods in the year ; and the months of 
March and April contain the driest sixty-day period. The 
effect of this is manifested in the complete cessation of per- 
colation in April. 

But there is no such uniformity in the wettest periods of 
equal duration, and in consequence percolation does not 
recommence till the close of the longer wettest periods of 
30, 60, and 90 days. These facts will be evident from 


























Table IT. 
Taste II. 
F Percolation 

’ Last Month of Percolation. Besesnened. 
Year.|_ 

Evans. Greaves. Evans. Greaves. 
1861 March April November |November 
1862 May ay December | October 
1863 | February March December |November 
1864 April April (Feb., 1865) |November 
1865 March April October August 
1866 April April December | October 
1867 March April (Jan., 1868) |December 
1868 March April December {December 
1869 April ay December |November 
1870 March April December | October 
1871 | February July (Jan., 1872) |December 
1872 ay May November | October 
1873 March March /((Jan., 1874) Pattie 





This Table II. shows also that Mr. Evans’s gauge fre- 
quently leaves off recording percolation a month earlier, and 
begins to record it againa month later than Mr. Greaves’s. 
In explanation, Mr. Evans observes of his gauge ‘‘ that it 
did not show quite so much percolation; that no doubt 
was to a considerable extent dependent upon the nature of 
the soil with which the gauges were filled, and it was 
difficult to represent an average soil. One of his gauges 
was filled with the ordinary surface soil of the county, 
consisting of gravel, loam, and mould.’’t 

Mr. Greaves says of his gauge, ‘‘1t is not of course 
possible to affirm that the soil in the Dalbon gauge is 
strictly representative. It was intended to resemble com- 
mon Hertfordshire land, and was made up of soft earth 
with loam, gravel, and sand, all well mixed up beforehand, 
and trodden in.’’§ Thus Mr. Evans’s soil gauge is filled 
with a mixture of ‘gravel, loam, and mould, and Mr. 
(}reaves’s of gravel, loam, and sand, a difference sufficient 
in itself to account for the greater percolation in Mr. 
Greaves’s gauge. In reference to this Mr. Evans says in 
his paper, ‘‘ The difference between an annnal average for 
twenty-two years of 6.866in. of percolation at Lee Bridge, 

* Read before Section G of the British Association at 
Sheffield. 

+ ‘‘ On the Fall of Rain on every Day of the Year from 
Observations extending from 1815 to 1869.’’ Proc. Met. 
Soc., vol. v., p. 87. 

f Proc. Inst. C.E., vol. xlv., part iii., page 53. 

Tbid., page 25. 





and one of 5.852 in. at Nash Mills . . . . is probably due to 

some difference in the character of the soil with which the 

respective gauges are filled.”* It will now be well to 
inquire closely what this ‘‘ character”’ is. 
Characters of the Soil. 

Calibre of the Grains.—1. The gauge or calibre of the 

constituent grains of the soil may be measured by sifting it 

through strainers perforated with circular holes of various 


diameters, expressed in decimals of an inch. 
2. The percentage of grains of various calibres in the 
natural ixture should be known for every soil on which 


percolation paints are or have been out. 

Shape of the Grains.—1. In a collection of grains of 
given calibre, say, .0lin., in any given cubical space, say, 
1 cubic foot, a collection of spheres will occupy more space 
than any other shape, since all angular grains which will 
just pass through a circular hole must occupy less space 
than the sphere in which they are contained. Therefore, 
we have: 

(1.) The calibre of the grains being the same, the absorbent 
capacity is least when the grains are spherical. 


The Order of Arrangement. 

1. Cubical.—The cubical value of the foot sphere is 
-5236 cubic feet, and the absorbent capacity of the containing 
cube foot is .4764 cubic foot. Now this is the absorbent 
capacity of every cubic foot containing spherical grains, 
how great soever their number, as long as the arrange- 
ment is cubical, the retentive power increasing with the 
fineness of the grains. 

2. Pyramidal.—The cubical arrangement is, however, 
hardly possible in nature, the tendency being for one sphere 
to rest in the hollow between four, or for five to form a 
Le with a square base, the sides parallel to the sides 
of the cube. 

As more spheres can then be got into a cubic foot, the 
space occupied will be somewhat greater than .5236, and 

e absorbent capacity somewhat less than .4764 cubic foot. 
The absorbent capacity of a cubic foot filled with spherical 
grains one-third of an inch diameter cubically arranged is 
-4764 cubic foot, but on the pyramidal arrangement is 
4135 cubic foot, the difference being .0629 cubic foot, or 
190 cubic inches, less. This difference increases, or the 
absorbent capacity decreases with the agg eye 3 calibre 
of the grains, till when this latter is .005 in., the absorbent 
capacity is only .3956 cubic foot, or 683.66 cubic inches, 
i.e., 31 cubic inches less than that of .333 in. calibre, and 
221.12 cubic inches less than if the arrangement of 
the .005 in. grains were cubical. The relative absor- 
bent capacity may, therefore, be expressed in a scale of 

arts .4764 being taken as unity. Thus the absor- 

t capacity of the cubic foot filled with spheres .333 
in calibre on the cnbical ment expressed in this 
scale is 1.0 and on the pyenmnidal arrangement .868 ; and 
filled with spheres .005 in. calibre on the pyramidal ar- 
rangement is .8303 (Column 10, Table III.). These relations 
are shown for spherical grains of fifteen different calibres 
in the following Table, whichis thusconstructed. Column 
1 shows the calibres. Column 1 cubed and multiplied by 
.5236 gives the cubic capacity of each sphere. This result 
multiplied by Column 5 gives Column 6. Column 2 di- 
vided by .866 (which is cos. 30 deg.) gives Column 3. 
Column 4 reduced gives Column 5. Column 6 divided by 
1728 gives Column 7. Column 7 subtracted from 1.0000 
gives Column 9; also Column 8 divided by 1728 gives 
Column 9. Column 9 divided by 4764 gives Column 10; 
also Column 8 divided by 823.2 gives Column 10. 

Absorbent Capacitg.—The absorbent capacity is the 
quantity of space available for holding water between the 
grains of the soil. 

Retentive Power.—The retentive power measures the 
proportion of the quantity which the soil is capable of hold- 
ing in its pores by capillarity, and increases with the fine- 
ness of the soil. 

Percolative Capacity.—The percolative capacity must 
be considered in respect of three cases. 

1. Natural percolation from rainfall. 

2. The percolative capacity at saturation point. 

3. The percolative capacity under pressure. 

1. Natural percolation from rainfall, as registered in 

lin gauges, is a variable quantity generally falling far 
short of the full percolative capacity at saturation point, 
and cane upon the following elements : 

1. The amounts of, and difference between, the absorbent 
and retentive _— and therefore upon the calibre of the 
soil, and the shape of the grains; 2. The quantity of rain 
falling ; 3. The degrees of saturation, or the humidity of 
the soil at the time of the fall; 4. The temperature of the 
coll, the percolating rain, and the air, and the humidity of 

e air. 

By way of illustration, the absorbent capacity of 1 cubic 
foot of sand of less than .035 in. calibre was found to be 
730.8 cubic inch, or .422 of its bulk, and 730 cubic inches 
of water is equal to a depth of 5 in. of rainfall on the square 
foot. Now the probability is that that cubic foot is never 
filled, simply because a fall of 5in. of rain within even 24 
hours is exceedingly rare, being recorded for the first time 
at certain stations in South Wales in July, 1875. 

Now it is evident that percolation commences when the 
degree of saturation just exceeds the retentive point, so 
that before the whole 5in. necessary to saturate the sand 
had fallen, some considerable portion would have passed 
through to the subterranean water system beneath. 

Again, the retentive power of a cubic foot of the sand 
was equal to 461 cubic inches, which is equal to a depth of 
3.208 in. of rain on the square foot. 

Now, a depth of 3in. of rain in 24 hours was only once 
recorded at Greenwich (representing the drier side of the 
island) between the years 1815 ont 1869, July 26, 1867, 
when 3.67 in. fell; 3.67 in. is the average amount for the 
whole month of July at Greenwich, when the general 
monthly average is 2.llin. The soil generally exists in a 








* Ibid., page 113. 
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TABLE IlU.—Snowrne ABsoRBENT CAPACITY oF OnE CuBIC FooT FILLED WITH SPHERES OF 
DIAMETERS GIVEN. 


























| 

, Space Un- |o = 
Calibre | . Number of Layers and Number of ‘ ; B 

of wey ng ” Contents on Pyramidal Spheres in -_ gam om gee 
Spheres. gement. Cubic Foot. capacity. 3 “il 

cubical. midal. cub. in. | c. ft. | ¢. i c. ft. 

.333 36 41.5704 2lix 367+ 20.57 x 352 52,414; 1013.4 | .5865/714.6 | .4135| .8679 
300 40 46.1893 | 23.189x 402+ 23. x 939 72,085} 1018.08} .5891/709.92| .4108| .8623 
-250 48 55.4271 | 28 x 487+ 27.42 x 47? 125,098} 1023.45} .5923/704.55| .4077| .8557 
-200 60 69.2840 | 35 x 607+ 34.28 x 597 245,328) 1027.62] .5946/700.38| .4053| .8507 
125 96 110.8545 | 55.85 x 967+ 55 ‘ 953 1,010,130} 1031.36} .5969|696.64| .4031| .8461 
-100 120 138.5681 | 69.56 x 1207+ 69 x 119) 1,978,773 | 1036.08} .5995|691.92| .4004| .8404 
-0625 192 221.7205 111 x 1922+ 110.72 x 191) 8,131,080} 1039.41} .6016 |688.59) .3984! .8362 
050 240 277.1362 139 x 2407+ 138.136 239 15,896,866 | 1040.44| .6021/687.56| .3979)| .8352 
-040 300 346.42 173.42 x 3007+ 173 x 2997 31,074,173} 1041.30) .6026|686.7 | .3974| .8341 
.03125 384 443.4180 |222 x 3842+ 221.4 x 383? 65,212,176| 1042.02} .6030/686.18| .3970| .8333 
.030 400 461.89 231 x 400°+ 230.89 x 399° 73,717,918] 1042.16] .6031 685.84; .3969| .8332 
.020 600 692.8406 (346.84 x 6007+ 346 x 599 007, 1043.04] .6036|684.96| .3963| .8318 
.015625 | 768 886.8360 /43.8 x 7687+ 443 x 767° 522,393,612| 1043.72) .6041/684.28| .3959| .8310 
.010 1200 1385.6812 (693 x 12002 + 692.68 x 1199) 1,993,717,460| 1043.91) .6041 |684.09| .3958| .8308 
.005 2400 | 2771.3624 pase x 2400? + 1385.36 x 2399" 15,956,385,257| 1044.34] .6043/683.66| .8956| .8303 














d of humidity far below the retentive point, so that 
only the excess over this defect can. | pry w Thus the 
connexion between the degree of humidity of the soil at the 
time of a fall of rain, and the amount of the fall, should 
be known to explain the very varying amounts of natural 
percolation. The range of natural percolation from rain- 
fall therefore lies between 0 at the retentive point, and the 
percolative capacity at saturation point. The value of the 
degree of humidity or saturation at these two extremes is 
known, but the percolative capacity at saturation point yet 
requires to be determined experimentally, as well as the 
percolation corresponding to any degree of humidity down 
to the retentive point. ; 

It would be important to determine the degree of 
humidity corresponding to the o annual average 
natural percolation. Mr. Evans gives the annual average 
natural percolation through soil for the 25 years 1835-60 as 
8.227 in., and for the 20 years 1855-75 as 5.852 in., which 
gives for the first period a daily average of .0225%in., and 
for the second period a daily average of .016in. Nowa 
percolation of .0225 in. of rain represents a transit of 3.24 
cubic inches daily through each square foot, and 1182.6 
cubic inches in the 365 days, or 5654 gallons per acre per 
diem, and 206,407 gallons per acre per annum. We have, 
however, no {clue to the average degree of humidity re- 
presented by this percolation. Ge 

1. Hwmidity of the Soil.—This humidity may be clearly 
measured, for when the humidity exceeds the rententive 
point percolation begins, and there is free water in the in- 
terstices, which consequently accumulates at the lowest 
part of the cubic foot, and a water line is formed. The 
zero of percolation therefore equals the minimum water 
line, or, af the cubig foot be adhered to, its base represents 
the minimum water line, and its top the maximum water 
line. Therefore, the degree of humidity, the qaantity per- 
colating, and the height of the water line, can be expressed 
in terms pf each other. : F 

2. Pencolative Capacity at Saturation Point.—The 
determination by exhaustive experiments of the percolative 
capacity'at saturation point of various soils has an impor- 
tant p bearing in respect of two particulars. 1. If 
the average daily percolation from rainfall be .0225 in., 
then it is probable that if the soil were kept saturated, 
twice as'much would pass Secsogh in the course of one 
minute as filters from the rainfall in a whole day. 2. In 
these days of ak amg orores works (on gravel, chalk, 
&c., in which there are ) which keep the soil so 
charged, the filtration must be considerable. 

8. Percolative Capacity under Pressure.—The percola- 
tive capacity under pressure greater than that — y mere 
saturation should also be made the subject of experiment, 
as it bas an important ing on the yield of wells sunk 
in sands in —s of two positions. 1. In the presence of 
some 'y of water such as a river or pond for which 
there is access through the sands to the well. In this 
case such large quantities are pumped, and so unfailingly, 
as to create Giatie hopes about less favoured situations. 
2. In the water system proper dependent upon the rainfall 
of its own area of outcrop. In this case a small pump may 
readily exhaust the springs, or practically’ measure the 
percolative capacity, as experience shows that in such 
positions the water keeps coming through the sands at a 
certain rate, and after exhaustion time has repeatedly to be 
given for it to gather again. 

The Temperature of Percolation—Although many 
elaborate observations have been made upon the tempera- 
ture of the soil, it does not appear that any have been made 
upon the temperature of percolation h of tempera- 
ture in the soil must act upon the contained moisture just 
in the same way as they do in the air above, thereby tend- 
ing to cause evaporation, or to produce percolation, by 
causing condensation which would percolate and be re- 
gistered, even though no rain fell. There are many such 
instances upon the true cause of which one or two thermo- 
meters would have thrown light. ; 

In an abstract of more than 100,000 observations upon 
the temperature of the soil made in the Gardens of the 
Royal Botanic Society, London, 1871 to 1876, Mr. G. J. 
Symons, F.R.S., shows that in July* “‘ the soil 3 in. deep 
rises from 64.9 deg. to 75 deg. between 9a.m. and 3 p.m., 





** Abstract of Meteorological Observations made at the 
Gardens of the Royal Botanical Society. 1877.’’ London: 
Kenny and Co. 


and falls from 75 deg. to 67.2 deg. by 9 p.m., and probably 
still lower during the night, rising again to 64.9 deg. by 
9 a.m. next day. The 6-in. thermometer shows similar 
changes, but of a less extent, and as the 9 p.m. temperature 
is 4.9 deg. above that at 9 a.m., it is evident that both the 
minimum and the maximum occur considerably later in the 
day than at 3 in below the surface. The 1-ft. thermometer 
shows 2.3 deg. difference between 9 a.m. and 9 p.m. and 
an exactly intermediate reading at 3p.m. It is therefore 
probable that the soil at the depth of 1 ft. is coldest at 
9 a.m. and hottest Asay at mid-day) butat 9p.m. At 2 ft. 
the temperature only differs by .1 deg. being identical at 
9 a.m. and 3 p.m., and .1 ey, ncaa at 9p.m.... The 
4-ft. thermometer shows no difference whatever. . . 
winter (of which January is a type) these daiiy ranges are 
of course much smaller, in fact, scarcely one-tenth of what 
they are in July.... The monthly curves show a re- 
ation in the times of maximum and minimum, anda 
diminution in the amplitude of the changes with increasing 
depth, similar as regards seasons to that which we have 
already found for day and night.’”’ The minimum at9a m. 
at all depths occur in February, the minimum at 3 p.m. 
down to 6in. in January, and from 12in. to 48 in. in 


February, the minimum at 9 p.m., down to 12 in. in| cali 


January, but at 24 in. and 48 in. in February. 

Now, water follows the regular law of contraction by 
the removal of heat till it reaches a point between 39 deg. 
and 40 deg., then, instead of contracting it ins to ex- 
pand, and continues to do so till it reaches the freezin 
point. At39 deg. it is at its point of greatest density, an 


just before it freezes it occupies a space as as it did at 
48 deg. If, therefore, the soil be a the retention 
point at a temperature of 39 deg. a fall in temperature will 


cause percolation. 

The temperature of 39.7 deg. occurs at 24 in. in January, 
and the temperature of 39.5 deg. occurs at 24in. in February, 
down to that depth being lower. At 3 in. in Jan at 
9a.m., the temperature is 37.4 deg. at 3 p.m. 39.1 deg., 
and at6 in. 39 deg. ; at 9 p.m. a bin. 87.9 deg., and at 
6 in. 38.8 deg. At9 a.m, in Fe at 6 in. 38.1 deg. ; 
at 3 =. 39.7 deg., and at 9 p.m. 39.3 deg. In December 
at 1ft. deep the temperature rises between 9a.m., and 3 
p-m. to 39 deg., which it holds till 9 p.m., after which 
it falls during the night. 

If, therefore, the humidity of the soil exceeded the re- 
tentive point, and percolation were going on at 9 a.m. in 
January and February, and no rains fell after 9 a.m., the 
rise in temperature between 9 a.m, and 3 p.m. would by 
itself suffice to check it or stop it altogether, while (if none 
evaporated in the meantime) the fall in temperature after 
3 p.m. would set it going again till the humidity fell to re- 
tention point. This may explain instances in which 
percolation exceeds raink all, and in which there is percola- 
tion without any rainfall. 

By far the best view of the downward propagation of the 
heat and cold waves is f in the 9 p.m. temperatures. 
The heat wave commences in March and spreads down- 


ward, till the whole 4 ft. of observation is warmer than the | large 


air in September and October, the effect of the preceding 
cold wave disappearing at 4 ft. by the end of August. 

In November the cold wave commences, and moves down 
tillthe whole 4 ft. is colder than the air by the end of 
February, when the heat wave begins again. 

Now, by referring to the divisions of the rainfall year 
we see how exactly this correspouds with the division of 
Ebermayer on March 1 as regards the commencement of 
the heat wave at the surface, and the disappearance of the 
preceding heat wave at 4ft.; and on September 1 as re- 
gards the disappearance of the cold wave at 4 ft., but not as 
ye oe the surface, the heat wave lasting till the end of 
October. 

By referring to Table I. we see also how completely they 
accord with the ‘‘ least rain’’ periods of Glaisher up to the 
thirty-day period, which occur in February and March, 
the last two months of the cold wave at 3in.; and with 
the periods of heaviest rain, which end with the heat wave 
at 3in. in October. By referring to Table II. we see 
how they correspond with the cessation of percolation in 
March (when the heat wave begins) and its recommence- 
ment in November (when the cold wave begins). 

With the recommencement of percolation as recorded, the 
cold rain of November suddenly lowers the temperature of 
the soil 1 ft, deep to a point below that of surface, 





while the diminution of the cold rains and of tion in 
February and March accords with the commencement of 


Tn | th 





the warm wave. These records of temperature supply a 
missing link connecting observed rai with observed 
— the only wonder that those who have 

en so much trouble in recording percolation have not 
registered the temperature of percolation ; and the only 
regret being that thermometers with which the ela- 
borate series of observations are taken at the Botanic 
Gardens are not in percolators. Only one point they have 
in common, the ground in both cases being co with 


grass. 
Since then the observed temperatures of the soil are the 
result of the downward transmission of diurnal heat 
wave as modified by percolating water ; if the soil could be 
pat perfectly dry, it appears probable that many of the 
sudden changes of temperature observed in the native soil 
would not occur. Again, if the soil could be kept saturated, 
there should also be a similar absence of sudden changes. 

Summary.—In reference to future observations cn perco- 
lation, therefore : 

1. Artificial admixtures should be avoided. 

2. The calibre of the constituent] grains, and the per- 
oo of grains of each gauge in the natural admixture, 

hould be experimentally ascertained. 

3. The absorbent capacity should be measured. 

4. The retentive power should be proved. 

5. The percolative capacity at saturation point, and as far 
as ag vy! at less degrees of humidity should be measured. 

. The percolative copaeiiies under pressures greater than 
that of saturation should be proved. 

7. Percolators should contain thermometers as follows. 
There should be a series of three cylinders—two, A and C 
closed top and bottom, and one open—each 4ft. deep and 
3 ft. diameter : 

A. The saturated cylinder, filled with saturated soil, 
closed top and bottom, and provided with thermometers. 

B. A common percolator, or Dalton gauges provided with 
thermometers. 

C. The dry cylinder, fitted with dry soil, closed top and 
bottom, and provided with thermometers. 

The thermometers should be arranged back to back in 
the centre of each percolator at depths of 1 ft., 2 ft. 3 ft., 
and 4 ft., and one at 3in., and at the surface, close to 


em. 
Presumably the thermometers in the Dalton gauge would 
agree with those in the dry gauge when the soil was dry, 
and with that in the saturated gauge when the soil was 
saturated, or their differences would be noted. 

We should then have something more than wet and dry 
bulb thermometers in the soil, and the machinery for con- 
necting observations on rainfall temperature and per- 
oot the. tage of the constituent grains of vari 

e percen of the constituent grains of various 
ibres, the absorbent capacity, retentive power, and the 
percolative capacity at saturation point were known of the 
soil in Mr. Evans’s and Mr. Greaves’s percolators, and if 
the temperatures in the percolators had been regularly 
observed, the value of these observations on natural perco- 
lation would be much increased. The observed la- 
tion would probably be explained by the above elements 
of percolation, and there would be the means of comparing 
the results of the two series at present wanting. 








PETROLEUM IN Pervu.—The oil lands of Peru are on the 
coast region. They extend from Cape Blanco to the 
Tumbez river, a distance of 120 miles. The tract is 60 
miles wide, and contains 4,408,000 acres. Where the 
waves of the Pacific have worn away the rocks at places 
along the coast oil trickles out at low tide, and for 90 miles 
this outcrop may be followed along the ocean. The vi 
of Zarritos is the present centre of operations ; it is on one 
of the great estates of the country, known as the estate of 
Mancora. 





Frencn Rarnway smormcre.. Seseriag $9 a recent 
report of the French Minister of Public Works, it was de- 
cided in the last Parliament to proceed with the construc- 
tion of between 6800 and 7500 miles of new lines, which 
will thus be divided among the different oe : Northern, 
493 miles ; Eastern, 1580; Western,\ 1448; Orleans, 1454; 
Lyons, 1216 ; and Southern, 1318. Traffic between France 
and other countries is, or will be, abundantly served 
40 international lines, of which 29 are already at work, an 
11 have to be made. When all these lines are fini . 
France will have communication with Belgium at 22 points, 
with, Germany at seven, with Switzerland at six, with 
Italy at three, and with Spainat two. The effect of these 
additions to the railway plant of thecountry upon the 
steel and iron industry of France will naturally be very 
stimulating. 


AmeERICAN LiguTHovsEs.—An official report in regard 
to the lighthouses of the United States says that mineral 
oil has been substituted in many of the lighthouses and 
ightships with good results. Improvements at the mouth 
oO adh flighting pets make it A, 7 c Age 
system of lighting, and an appropriation of 40,000 . is 
recommended for constructing a lighthouse at the end of 
the west jetty. The United States Lighthouse Board is 
desirous of making experiments to test the relative merits 
of the electric light, and an appropriation of 50,000 
dols. is asked for the purpose. he attention of the 
Board has been called to the necessity of placing a light- 
ship on George’s Shoal in the Atlantic Ocean, which with 
only 6 ft. of water upon it, lies about 100 miles offshore, 
between Cape Ann and Cape Cod, and is in the track of 
vessels plying between New York and Halifax. As the 
shoals are not strictly within the waters of the United 
States, the board hesitates to recommend the placing of 
the lightship. The estimate for the expense of light vessels 
in 1879-80 is 250,000 dols., an increase of 20,000 dols. over 
the amount of last year. An appropriation of 50,000 dols. 
is asked for the construction of a first-class lightship, fitted 
with a steam fog signal to take the a Ughtship 
now stationed off Sandy Hook, New York Harbour. 
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NOTES FROM THE SOUTH-WEST. 

Tron Shipments at Cardiff.—The clearances of iron from 
Cardiff last week comprised 300 tons of railway iron for 
La Rochelle, 788 tons of railway iron for Aspinwall, 428 
tons of new rails for New Orleans, 1340 tons of old rails 
for New Orleans, and 270 tons of bars for Oporto. 


5 ply wf of the merchants and coal shippers at 
Cardiff have been much inconvenienced through a scarcity 
of steam tonnage during the past week. The quantity of 
coal shipped foreignwise exhibits a reduction of 15,545 tons. 
The demand for both house and steam coal continues good, 
but prices exhibit no improvement. Two large contracts 
are in the market. The quantity of coal cleared from Car- 
diff last week in all directions was 91,000 tons. The demand 
for both steam and house coal is still good. Good orders 
are on hand, and large quantities of coal are waiting ship- 
ment. The returns for the past week show a decrease in 
the Saas shipped foreignwise of 1777 tons. The ex- 
portation of iron was rather more last week than in the 
ious weck,'the following having left the port : Rails to 
adras, 1660 tons, and bolts, &c., 140 tons; rails to 
Alexandria, 1550 tons; pig to Philadelphia, 450 tons ; 
total, 3800 tons. The patent fnel trade of the port is dull. 
The Forest of Dean.—The collieries of the Forest of 
Dean have continued well employed. Pig iron has re- 
mained in good request, and No. 3 hematite iron has been 
uoted at 5/1. per ton. There are still no stocks in the 
‘orest or are likely to be for some time to come. The tin- 
plate works are busy, and some orders have been recently 
refused. The new year certainly indicates greater pros- 
perity than it was possible to anticipate a year since, for 
albeit there are still idle works, trade is becoming brisk at 
the mines, two tin-plate manufactorics have been added 
since the beginning of the year now expiring, and a good 
demand has been developed for crude iron, which is quoted 
at 95s. to 108s. per ton. The collieries are well served 
with orders, and with a prolongation of winter the pitmen 
may expect full employment. 


Newport.—There is a large quantity of iron in the 
market for the United States, more than has been known for 
ten years past, and freights are to be had for all the leading 
American ports from Galveston to Boston. There isalso a 

uantity of iron in the market for Cape Town, Algoa Bay, 
Portland, and the Brazilian ports. Thereis a om demand 
for coal for the West Indies. Large contracts for coal have 
been concluded for the ensuing year at advanced prices, 
and the position of the Monmouthshire coal trade has im- 
ved in consequence. An iron clipper is expected at 
ewport to load Powell Duffryn coal for India. Vessels 
belonging to Messrs. E. Bates and Son are also expected to 
load for the same destination. The imports of iron ore 
last week at Newport amounted to 10,856 tons. 


Swansea.—The steam coal trade remains as brisk as 
the scarcity of tonnage will permit. Prices of all descrip- 
tions remain unaltered. More contracts for the ensuing 

ear are being made at current prices, these are in addi- 
ion to large contracts which have been made with steam 
navigation companies. The advance in the price of iron 
has not brought about the anticipated advance in the price 
of coal. It is found that the iron works can continue to 
supply the market with the same quantity and still provide 
for their own requirements. Large supplies are daily 

oing to the metropolis from the Aberdare and Merthyr 
istricts. Business is more active in the patent fuel trade, 
but there is no improvement in prices. The new Atlantic 
Fuel Company have altered their brand from ‘‘ Ocean’”’ to 
** Atlantio.’"” The demand for house coal for local pur- 
poses continues good with a slight advance in price. Coke 
still in good demand. In the anthracite trade several 
large contracts have been booked with French buyers at 
current prices. The demand for steel and iron continues 
good and prices are firm. Shippers of scrap and old rails 
are inconvenienced through want of tonnage. The tin- 
plate works are fully occupied, but manufacturers have 
great difficulty in keeping up prices. 

oe Water Works.—On Wednesday the purchase by 
the Cardiff corporation of the Cardiff Water orks, at a 
l., was concluded at the Water Works 

ompany’s office. The payment was chiefly made in 
accepted Bank of England post-bills. About 100,0001. of 
the purchase money did not require to be handed over, that 
amount having been allowed by shareholders in the Water 
Works Company to remain at 4 per cent. per annum. 


The Severn Tunnel.—In consequence of the immense 
yaw of water which recently burst into the Severn 

unnel, affairs are beginning to wear a rather serious 
aspect. All operations will have to be suspended until the 
water is removed from the flooded borings and shafts, and 
grave doubts are entertained as to the practicability of 
carrying the undertaking any further, owing to the damage 
done to the roof by the imprisoned waters. 


rice of 300, 








Tae German Patent Orrice.—The authorities of the 
German Patent Office seem disposed to interpret the law in 
a liberal and equitable manner. Such has at least been 
their course in a recent decision affecting the validity of 
the Thomas-Gilchrist dephosphorisation patents. It ap- 
pears that a number of Bessemer works in North Germany 
endeavoured, by taking sys 2 of some delay in the 
patent applications, and by c mging them on other 
= 8, to escape paying royalties to the inventor. The 

ecision of the court, which included men of eminent legal 
talent and the most distinguished German metallurgists 
and chemists, like Wedding, Karl, Siemens, and Hoffman, 
covered two cases, and in each was favourable to the 
foreign inventors. Messrs. Thomas and Gilchrist and 
their associates have cause to congratulate themselves on 





having escaped the fate of Bessemer and Siemens, neither | red 


of whom participated in the benefits which the use of their 
inventions conferred on German ironmasters. 








PUMPING ENGINES AT THE LAWRENCE WATER WORKS, MASS. 
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AMERICAN PUMPING ENGINES. 

We have been favoured by Mr. Park Benjamin, of New 
York, with the following report of tests of the Leavitt 

umping engine. This report has been prepared by Mr. 

— for publication in Appleton’s ‘‘ Cyclopedia of 
Mechanics.” 

Report of Tests of the Leavitt Pumping Engine, New York, 
July 30, 1879. 
To Mr. E. D. Leavitt, Jun., Cambridgeport, Mass., 
Sir,—The following report of trials made with the 
umping engine at wrence (Mass.) Water Works by 
Mr. Rie rd H. Buel representing this office, is respectfully 
submitted. 
Description of the Engine. 

There are two pumping engines at the Lawrence Water 
Works, similar in design,‘with a single flywheel between 
them. The engines are designated as “ A”’ and “B,” and 
the trial in question was made with the “‘A” engine. This 
is a compound beam engine, the steam cylinders of which 
are inclined outwardly at the top to t with opposit 
ends of the working beam. The cylinders are jacketted on 
the sides and heads, steam of boiler pressure being used in 
the jacket of the high-pressure cylinder and steam of a 

a ney pe in the other jacket. The drainage from 
these jackets is ordinarily returned directly to the boilers, 
but on the occasion of the trial the connexions with the 
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boilers were broken, and the jacket drainage was allowed 
to ~~ with the other feed water drawn from the hot 
well. 

The steam and exhaust valves are gridiron slides, giving 
large openings with small movements. The valves are 
actuated by cams, which are driven by gearing from the 
crankshaft, and a centrifugal governor adjusts the cams 
operating the steam valves of the high-pressure cylinder, 
so as to vary the point of cut-off and maintain a constant 
engine speed. 

The pump is driven by a connecting-rod attached to one 
end of the working beam, the pump consists of a plunger to 
which is attached a bucket with valve opening upward. 

There are seven receiving valves and four delivery valves, 
in addition to the valve in the bucket, the water being dis- 
charged from the pump through two delivery pipes, above 
and below the bucket respectively. The pump valves consist 
of loaded rubber discs with central guiding stems. The 
original valves were of metal, double beat, and the intro- 
duction of the present form has greatly increased the pump 
efficiency. 


PRINCIPAL DIMENSIONS OF THE ENGINE. 


Diameter of high-pressure cylinder... 18 in. 
’ low - oe te o° 
ya pump barrel... . 26.125 in. 

Stroke of steam and water pistons ... 8 ft. 
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Diameter of ne, piston rod iad in. 
” ” 3 ” 
” lun, rod eee 4.5 5, 
” . “st 18.5 5, 
Diameter of air nn mt 54 oy 
”, pump. “ 15» 
Stroke of air pump... iam 2 
oem vg of flywheel .. 30 ft. 
Weig! Re .. 85,900 Ib 
Goottaed, high-pressure cylinder, 
Pp 2.56 per cent 
Clearance, high-pressure cylinder, 
bottom 2.31 ™ 
Clearance, low-pressure. cylinder, ice ilies 
” ” 33 
om ecting pipe between cylinde dt > Sie 
‘onn pipe een cy rs... 9. * 
of high-pressure cylinder, capacity. : 
Area of opening receiving valves 500.3 sq. in 
- »  4elivery valves . 5 ay) 
~ bucket valve { 261.45 ,, 
Length of ar main ... eee ; 4900 ft 
Diameter of ___,, o 30 in 
branch to pumps... ~ 24,, 
oo of engine, over all . 42ft. 6§in 
both en- 
gines included . 27 ft. 10} in. 
ay 24 of wegen over ‘all, above main oe 


Height of engine above bottom of 
pump ... im po cn oe = BD 
Boilers.—There are two boilers, tabular with combustion 


chambers internally fired, and having return flues beneath 
their shells. One boiler was in the test and the 
principal dimensions are as follows : 
Length of boiler eee 25.46 ft. 
Diameter of circular shell ‘ 5.25 5, 
Number of tubes “i ose po 
Outside diameter of tubes ab ne 
Grate surface ioe = 8 ~ ft. 


Heating surface : Furnaces ... 
combustion chamber is 


” tu bes ” 
oe — shell } * ae 
tal 1020 pe 
Ratio of heating to grate surface 35.5 
os cross section of tubes to 
grate surface .. 2 eee 0.117 


Height of chimney above grate 120 ft. 

Manner of conducting the Duty Trial. —Before com- 

mencing the trial, the scales used for measuring coal and 
feed water were tested by standard weights found to 
be correct. The steam and water pressure gauges were 
tested by comparison with a correct mercury gon , and the 
vacuum gauge was also tested. The scales of t e springs 
used in the indicators were obtained by experiments under 
steam pressure. To determine the amount of feed water 
used, it was drawn by the engine feed pump, alternately 
from two barrels placed on platform scales, 800 Ib. of eater 
being taken from each barrel at a draught, The drain 
pipes from the cylinder jackets were arranged so as to dis- 
ch into‘either of these barrels at_ pleasure, and the 
oun of feed water was drawn from the hot well. 
Before the trial the fires were hauled from the 
furnaces, the ashpits cleaned, and the fires were rekindled 
with wood, the — ressure and water level at the time 
of starting being Coal was added as soon as ible, 
and when the fir Son: ee in sufficiently good condition, the 
trial was commenced and i csntionsl: until after the last 
firing, the steam pressure had fallen to the point at which 
it stood at the time of starting fires, the water level being 
also the same. On stopping the fires were hauled and the 
unconsumed coal was picked out. All fuel put into the 
furnaces (including the wood which was estimated as equi- 
valent to four-tenths of its weight in coal) was charged to 
the experiment, except the amount of unconsumed coal con- 
tained in the fire at the close of the run. It is believed 
that this is the only method of measuring the coal burned 
during a test that is free from error. The coal used was 
Cumberland, of excellent quality. 

The revolutions of the engines ‘during the trial wero ‘re- 
corded by a counter, and the water pressure was measured 
by a gauge placed at a height of 29.05 ft. above the level of 
per in the pump well. The average reading of this 

gauge, added to the pressure per square inch equivalent to 
the height of the column of water below the gauge, was 
taken as the water pressure, the level of water in the well 
below the gauge was indicated by a float, and was recorded 
at aaueees intervals during the run. 

It will be seen from the above that great pains were 
taken to measure with precision the elements necessary for 
a computation of the duty, and to avoid all allowances and 
guesswork. 

RESULTS OF THE Duty TRIAL. 


The results of the duty trial are as follows : 
Pounds of wood used to start fires ... 


os coal put into furnaces 3500 
», Withdrawn from fur- 
naces at end of trial 27 
Pounds of coal consumed, 400 x 0.44 
3500—27 woe 
Pressure on main by gauge 64 1b. per sq. in. 
Water level in well A mys auge 29.05 ft. 
Water pressure 29.05 x 0.433+64 .. . 76.6 lb. per sq. in. 
Area of pump bucket ... wie 29 -0465 sq. in. 
Revolutions of engine ie sn 12,337 
Duty of engine : 


536.0465 x8 » 12,337 x 76.6 x 100_ 114 548 995 ¢t.-Ib. 
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Numerous indicator diagrams were taken during the 
trial, and are fairly represented by the accompanying 
sketches, the upper diagram being from the low-pressure 


cylinder, and the other from the 


cylinder. 


It will be seen that the steam Sistine ion is very satis- 
factory, a result which is due to the effective valve motion 


already described. The principal results 
calculation of the diagrams are appended. 


Fug .2. 
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I ny, mag AND COLONIAL NOTES, 

‘ast Bay ee —This South pion, ae whi in tne ned 
run in as 

Nipaemegenets G hs lonelg. Rail- 
Xitel to the Glenelg line, coming i al aan ae 
e Glen co e 
Leonard’ i down Victoria-place 7” from 
eine to the Glenelg rails in the Jetty-road. 
Mr. R. CP., is the eer who So oo 
and ym , Keane and White are the con Al. 
Conn line was only commenced on August 20, so few 


” 
eee 





engineering difficulties that the works are now ina 
forward state. It will probably prove the ch 


rail- 

way ever constructed in South Australia, it esti- 
mated that the construction, exclusive of ‘the of 
» Will not cost more than 1. per mile. r. Keane, 


one of the firm of contractors, is the gentleman who con- 
structed the Sturt Mpery Pe he! and he Native a 
pn of the Kapunda and North-West Bend 

contract undertaken by this firm was sleiy con- 
final to the earthworks, but the firm has since —— 
do the whole of the laying of the permanent way 
con! hare hed nan ayerage 100 men constantly 
at work, and it is estimated that the whole amount 
their contract will not exceed 10,0001. The whole len 
of the line to be constructed is 6 miles 12 chains, 50 


ee —~ mene diagrams. by 1in.—39.1 Ib the coat of cost of the ronteacters z yort will averag e considera ali 
a eae —- ler 20001. per mile is, however, does clude 
Scale of "ecco diagrams by a the szatersal fhe sleepers and rails, nor the rolling stock. 
experiment .. “high me 655, |The purchase of land has cost the com about 10,0001, 
Indicated _ Pressure, igh-pressure "51.57 ib. including the sites for stations. The rails have been 
iagram a9 1 ordered from Messrs. on ers, 
indiowed pressure, low-pressure di 2 ee "Quemoland arbours—The medias ‘S mori a hs 4 
B ne “, ri $! harbours of Moxy bore monies ,, Gladstone 
Water pressure during ‘time in “= Bay, B whe Sew sg yd 
s were taken Pr 4 +0 ’ , 
Revolutions minute during ti been improved, A new vag tad or Sandy Cape 
in which 7 * clea: were taken 13.73 Lighthouse The lieh moan canenes from ent, at is now on 
Prema, om high-res, aoa Heanor at om on Dont el 
redu equivalent on pump ’ 
ae ia 48.18 Ib. per sq. in. Whitsunday Gan the aint lighthenss otehnans Thecotenat 
Same on low- -pressure ‘piston... 35.51 se the yo hments of the se, ase I a rom oe rome 
rom its 0: si on & 
Blcincy of pump a ag * ma of logs on ground which is covered at high water 
76.7 of spring tides, and is almost a quicksand. A lighthouse 
5a ihe 91643. and cottages at ae in courre © of erection, on 
improvements in marking es have 
Some other observations and results deduced from them | been carried on as amen at the ™m ports— 
are added. Cairns, Port Douglas, and Cooktown—as at any of the 
jo Sn ee a ln a eer 
u 1 . y Is tI] 
Steam pressure, above pag  89.5Ib.persq-in-| Turkish Steam Navigation—A commission is sitting at 
Vacuum, inches of ware ac lye oe 27.4 the Turkish Ministry of Commerce to consider and report 
Barometer, » 29.81 upon the question of converting the Mahsoussé steam 
Temperature of engine-room... 79 deg. navigation into something more worthy of the flag it bears. 
” feed water ... 119 ,, The Mahsoussé steam service isa Turkish institution which 
et P7 fue... Megat ne ” has existed for the last 25 years, and has been known 
Total Quantities : by various names. It bore the name of Azizieh before it 
Pounds of coal . eee 3,633 was called Mahsoussé, and, earlier still, it was the Fevaidi 
.-. * ashes | 5 223 Osmanié. It has always been an ill-o and ill-con- 
— consligetle “a yi 8,410 ducted cenvien and the shi red y~ seamen, , inherently 
ions pumped per ours. infirm n distinguis rom those of other com- 
Calculated from pump capacity we» 4,401,272 panies by their worn paint, their ragged canvas, a, in- 
Per cent. of ashes ess ove oe 6.14 erent ing, and their Serlaun ont and filthy aspect. 
Hourly Quantities : lines of c served by these vessels are those of ‘the 
Pounds of coal . ad an 241 Turkish coast, exclusive of the Bosphorus and the Princess 
‘de combustible. fe zoe 226 Islands. As the mono opoly of the latter line is reserved to 
pe coal per square foot of the institution, it has derived profit from the working of it, 
grate pas 8.38 though the bens Fn ublic complain of the unfitness of the 
Pounds of f combustible per square foot steamers, and the general inefficiency of the service. But 
7.86 on the coast lines, where it is in competition with Austrian, 
Mh aye coal. al per square. “foot of French, Italian, and Russian, vessels, it is simply nowhere. 
heating surf . 0.236 The Golden Horn.—A recent announcement of a con- 
Pounds of combustible per square foot cession having been granted to a M. Michael for quay 
of heating surface ... 0.222 along the Golden Horn is premature. A scheme for this 
Pounds of feed water ... wee 2437 work has been submitted, and is under consideration ; but it 
Evaporation: is conceived on a scale of magnitude which naturally 
Pounds of yaar per pont coal at ona 000 the con ae hese. It proposes an expen pout - 
observed temperature and pressure 10.13 o , which a large proportion wi: 
ere —* — per pound of coal of absorbed i it appropriations To Ange = a return ° " 
combustible at same 10.79 ital it wo necessary opt a tariff of dues on 
Pounds of water per square “foot of aoota wad which would be a serious tax upon commerce, and 
heating surface per hour at same.. 2.39 might provoke objection on the of foreign interests. 
Pounds of water per pound of coal Moreover, it is at least questionable whether, even if there 
from and at 212 deg. a 11.49 ven ro nc a oP found, em for a, eo 
Pounds of water per. pound o} com- undertaking co ound, as would obvio a 
bustible from hel 212deg. _... 12.24 difficulty in 80 consi iderable an amount on the western 
Pounds of water per square foot of markets. Another feature in the plan requires serious con- 
heating surface per hour 7“ and sideration. It is proposed to abolish the bridge, and sub- 
at 212 deg. , ius 2.71 stitute a ferry for it. 
Power : Steel Rails on the Pennsylvania Railroad.—Mr. J. M. 
Net horse power, ee from Swank, secretary of the American Iron and Steel Associa- 
water pressure o Joe 135.55 tion, has analysed some statistical data collected with refe- 
Indicated horse power= an A 147.91 case ys the Meee ma! of Fo none g and eae eR 
Pounis of Coal and Water per Horse The The stints relating ta to inate steel rails extend over 
Peuer ner Mone: eleven years, ending with 1878 inclusive ; ~ it appears 
Casi ser net Sesen power 1. 78 that during ‘that period only 6.26 per cent. of the whole 
pe di ted’ ho > seis or number laid down were removed. glmmyer eg” J 
Feed’ Pl r net h ee 2 . to foreign steel rails extend over eight ending wit 
er oe di ted hore OF -sape 1871 inclusive, and it that hime that period 
io indica oe poy 16. 16.27 cent, of the whole number laid down were re- 
per om its es ed 48 mov The average life of the worn-out American steel 


In addition to the eapiteniie already detailed, the 





amount of water drained from the cylinder jackets was 


rails removed is returned at 5.07 years; that of the worn- 





out foreign steel rails removed at 7.77 years. It appears a 
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Testing the East River Bridge Cables.—The great East 
River bridge cables have just m tested by a machine 
which is most elaborate and ect of its kind. It is 
planted on the grounds at the Watertown (Massachusetts) 
Arsenal, It was designed by Mr. A. H. Emery, and is 
pee in accuracy. Messrs. William H. Payne and 
Isaac ay = —— ype Baa Bae 0 
Bridge spent four 8 in tests at the Watertown 
Arsenal, which is under the c of Colonel T. T. 8. 
Laidley, of the United States Ordnance Corps. Instead of 

ing small sections of the suspending cables, they took 
length which would make the results decisive. The tests 
were wo satisfactory, and showed that the precautions 
taken in putting together the parts were ample for their 

The suspending cables were found by tbe 

to possess ah age much greater than is re- 
q to resist the strain which will be put upon them in 
actual use. 


ui 


Pennsylvanian Coal Mining.—A number of gentlemen 
New York and Philadelphia recently visited the 
estates we ae oe 5. a eo 
Company ennsylvania. Two were occupied b: 

party in visiting the coal lands and colli Sguevensute, 
prominent among which are the great Pottsville shafts, 
sunk toa depth of 1591 ft., to the Primrose vein, from 
which a diamond drill hole has been sunk 378 ft. deeper 
through the Mammoth vein, which will be won from the 
level of the bottom of the shaft itself by two lateral tunnels 
ay noe a — aoe of from er ft. to 1600 ft. 
—_ . Many , among w were re 

sentatives of nearly al] the other Pennsylvanian anthrecite 


: 


eget, Nase erectly Stereted BS penaiic colle, 
where veins over 80 ft. in thickness of workable 
coal are being developed, and where froma depth of nearly 
See ea, Sines ny Raia 
r. G. W. y can 

the entire year, 5 tons of coal per minute. 


Missouri.—The Missouri Car Wheel Company have 
finished their new shops in the south of St. Louis. 
A ran on car wheels has been during the past 

than was ever ere See in the history of the 


com . Some attention a a eee 
practicability of establishing looom ive works in St. Louis. 
French Railway Trafic.—Traffic on the Great French 


rail was by the late severe frosts. 
The Western or Frans pany Wen obliged to take off 
four trains between Paris and Havre, and as many 


more between Paris and Dieppe, and Paris and Nantes. 


at Disseldorf, the r of the Hérde Iron Works 
a paper on the elimination of phosphorus from pig. He 
stated that iron Ly a 5 Sing 0.02 cent. to 0.97 per 
cent. of phosphorus had obtained by the new process 
from pig containing 2 per cent. of phosphorus. 





Price or Gas In GeRMANY.—The introduction of 
into Germany, as into other Continental countries, 
mainly been the work of Englishmen, and many Continental 

works still belong to British firms and companies. Of 
fate years, however, the local corporations have been 
purchasing such works from the native or foreign firms or 
companies who were the original founders and proprietors, 
the object generally being to cheapen the price of gas 
both to the town authorities and private consumers. In 
a recent issue the Cologne Gazette gives the price of I 
in 50 of the largest towns in Western Mace he 
—— price is ch at Bingen, where it is 9s. 54d., 
while at Ems it is 8s. 104d. per 1000 cubic feet. At 
Giessen the same quantity costs 8s., at ay eae 7s. ata” 
at Wiesbaden and Solingen 7s. 1}d., at Iserlohn 6s. 6jd., 
at Mayence 6s. 5}d., at Ruhrort 6s. 54d., at Geldern 
6s., at Altena, Deutz, Soest, Kreuznach, Coblentz, and 
Jiilich 5s. 8)d., at Crefeld, Neuss, and Herford 5s. 74., 
at Siegen, Emmerich, St. Johann, and Eupen 5s. 54d., at 
Hegen, Neuwied, Paderborn, Minster, Bielefeld, Diissel- 
dorf, Cleves and Barmen 5s. 13d., at Osnabriick and 
Elberfeld 4s. 10}d., at Gladbach, Treves, and Rheydt 
4s. 7d., at Horde, Oberhausen, Dortmund, Duren, Aix- 
la-Chapelle, Minden, and Cologne 4s. 6}d., and at Witten, 
Wesel, Steele, Unna, Duisburg, Essen, and Mulheim-on- 
the-Ruhr 4s. 3}d. Of these 50 towns the gas works be- 
ag to the local corporations in the following 23 instances : 
Witten, Unna, Essen, Hérde, Dortmund, Diiren, Cologne, 
Minden, Osnabriick, Elberfeld, Paderborn, Miinster, Biele- 
feld, Diisseldorf, Cleves, Barmen, Neuwied, Emmerich, 
Herford, Al Coblentz, Wiesbaden, and Lippstadt. 
The gas works of the remaining 27 places are the property 
of private firms or companies. The prices above given are 


the no’ fixed prices, but in 32 of the 50 towns a dis- 
count is given to large consumers of from 
rather less than 2 per cent. (in Crefeld) to more than 40 

cent. (at Ems). The average normal price in all the 

places is within a small fraction of 5s. In the 23 
towns with corporation gas works the av price is 
5s. 1}d. per 1000 cubic feet, while in the 27 where 
the gas works are in private hands, the av price per 


1000 ft. is 5s. 8jd. Of the seven places wi 





is 
cheapest (4s. . per 1000ft.), the gas works of four 
(Wesel, Steele, Duisburg, and Miilheim) are the property 
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read | long to the town authorities.— Times. 





Tae DusseLporF EXHIBITION OF 1880.—The extensive 
structure in which the important exhibition of next year is 
to be held at Diisseldorf is now, as far as the walls and 
roofing are concerned, complete. The length of the main 
building is 1181 ft., and the area it covers is almost exactly 
equal to that of the Exhibition Palace at Sydney, New 
South Wales, or about half the length of the great Exhibi- 
tion aE at Paris, in 1878. Such being its propor- 
tions, the Diisseldorf Exhibition, with its towers and 
ym apg) ogee even if at a distance an imposing spec- 
tacle. The workmen are now busily engaged on the 
division and fitting up of the interior, and no doubt is 
entertained that the whole will be in perfect readiness 
for the pening day, which has been fixed for the 9th of 
May, 1880. The total number of exhibitors in the indus- 
trial portion, reckoning the numerous collective exhibi- 
tions as only one, will amount to upwards of 3000, and 
every branch of German industry, manufactures, and 
commerce will be represented at the show. Many of the 
principal firms are erecting special buildings or annexes of 
theirown. In addition to these 3000 exhibitors connected 
with industries, there will be three other divisions devoted re- 

ively to fine art, agriculture, and forest culture. 
he fine art \department, which will occupy part of the 
main building, will be a universal exhibition of German 
painting and sculpture. In the agricultural division there 
will be no less than 85 exhibitors of agricultural machinery 
alone. One of the most useful departments of the show 
will be that of forest culture, which is a novelty at an ex- 
hibition of this kind, and as Germany is noted as the 
a for the scientific study and practical acquisi- 
tion of this branch of culture, much interest will attach 
to the maiden exhibition of this branch of field industry at 
Diisseldorf. The agricultural and forestry exhibition will 
be held in a number of annexes attached to the main 
building. Krupp, of Essen, is building an extensive 
special pavilion, which is nearly complete, and in which he 
will exhibit some of his latest novelties in iron and cast 
steel, including an extensive show of his latest cannon, 
and s' . Another annexe will be occupied by the 
publisher of the Cologne Gazette, who will show the latest 
Pa rage in newspaper printing in Germany. The 
Exhibition committee have resol to issue a news- 
paper, to be called the Exhibition Gazette, for the dura- 
tion of the show, and this will be printed and published 
in the buildi The committee are likewise making ex- 
tensive preparations for the refreshment department, 
as well as for the cheep lodging, entertainment,’and amuse- 
ment of visitors from a distance.— Times. 
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CANADIAN RAILWAYS.—No. XXIX. 
CosourG, PETERBOROUGH, AND Marmora RalLway. 

THE first charter for a railway in the province of 
Upper Canada was obtained by the Cobourg Rail- 
way Company, incorporated March 6th, 1834, with 
a capital of 40,000/. Canadian currency, which equals 
about 32,000/. sterling. The object was to con- 
struct a railroad from some convenient point on 
Rice Lake to Lake Ontario, at or near Cobourg, a 
distance of about 15 miles, and to connect two ve 
important lines of navigation as then pro : 
Rice Lake is an expansion of the River Trent, 
and is on the chain of inland waters which’ flows 
through the heart of pe ical Canada on the north side 
of Lake Ontario, ost bisecting the Upper 
Province, and requires but ‘véery little length of 
artificial canalling to connect Kingston, at the foot 
of Lake Ontario, with Lake Huron. At the period 
of the passing of the Railway Act, the works on the 
Trent a to open up this route were being 
energetica’ a pushed forwards, and at Rice Lake this 


new internal canal system approached the nearest to 
the other Canadian line of navigatian, the at 
Rice Lake itself 


natural rE! of Lake Ontario, 
is about 30 miles long, varying from one to four 
miles wide, and lying nearly east and west, parallel 
to the northern shore of Ontario, and is distant 
from it only about 14 miles. The large river which 
flows into it from the north is called the Otonabee, 
and the continuation of this, issuing from the lake, 
is known as the Trent, and being the longest and 
most important of the series gives its name to the 
whole navigable system. The works to create the 
canal were commenced in 1833, at the two locks 
necessary at either end of this lake, the one at the 
foot to overcome the descent of Crook’s Rapids, to 
raise the water over the shoals at the outlet of the 
lake, and to flood the water of the Otonabee to give 
a sufficient depth at the foot of the upper lock. One 
effect of raising the water 2 ft. in Rice Lake was to 
overflow a large area of land all round its flat 
alluvial sides, and to destroy acres and acres of the 
forest, which had grown down to the very margin 
of its waters, and a second result as a consequence 
of this was to render the whole neighbourhood of 
the lake one of the most unhealthy districts in 
all Canada. ‘The peculiarity of the Rice Lake ague 
was the wonderful regularity of the recurrence 
of the attacks and the violence of the paroxysm. 
Every forty-nine hours, almost to the moment, the 
first ‘‘ shake” commenced ; a man taken ill at 10 A.M. 
on Monday morning would begin his involuntary 
movement at 11 a.m. on Wednesday, would shake 
in ague torments from two to three hours, to be 
succeeded by another three or four hours of over- 
powering fever,{which would leave him prostrate and 
miserable for the remainder of the day. When the 
works of the railway were being prosecuted twenty 
years after the land was flooded by the canal dams, 
the hygienic condition of this district was at its 
worst, and all the time made by the workmen did 
not average three days in a week, although the hours 
were purposely altered to conform to the terrible 
conditions imposed by the disease. 

The work on the railway by the original Act was 
to be commenced in two years, and to be completed 
within eight, but the time was too short, and 
although a liberally extended term was secured -by 
an amendment in 1836, even this expired without 
the railway being commenced, or any means for its 
prosecution being obtained. There was little money 
to invest in those days in works of this nature, a 
time of troublous political ferment was age over 
Canada, which was checked only by the union of 
1841, and when four years after this, the company 
was reorganised, it took the more humble title and 
character of the Cobourg and Rice Lake Plank 
Road and Ferry Company. The capital was 6000/. 
currency, the time for completion was unlimited, and 
with these modifications the work was commenced 
and or ee the following season, The effect of 
this plank road in conjunction with steamers from 
its northern terminus at Gore’s Landing, working up 
and down the lake, and through the locks at either 
end, was to draw the whole traffic from Peterborough 
and elsewhere on the navigable water of the con- 
necting rivers to Cobourg for shipment, and to 
arouse the feeling of rivalry between Port Hope and 
Cobourg which has never been allayed. The next 
year the Peterborough and Port Hope Railway was 
incorporated, the first commencement of the present 
Midland, and when this Act passed into abeyance 
from the forfeiture of their charter, in consequence 
of the failure to begin the construction of the road 





in 1852, the Cobourg and Peterborough Railway 
Company immediately applied for and obtained 
their Act of Incorporation, and on the 9th of Feb- 
ruary, 1853, the first sod was turned amidst great 
rejoicing on the part of the Cobourg people, and to 
the corresponding mortification and annoyance of 
the inhabitants of Port Hope. 

The directors of the Cobourg and Peterborough 
Railway made an arrangement with the celébrated 


Samuel Zimmerman, the successful contractor who| i 


had lately completed the Great Western Railway 
from Hamilton, to build and equip for them their 
road complete, leaving to him all the engineering 
and details, and specifying only the Meee gen to 
be followed. Zimmerman had explained to them 
that for a very small personal subscription ti 
might secure the railway for the town, and the 
honour and glory of beng its directors for them- 
selves, and he initiated them sufficiently into the 
mysteries of American railway to win their 
confidence, and enable him to have full control of 
all the details of construction, whilst they took the 
entire pecponeipllitgs There were six subscribers, 
of which Zimmerman himself was the largest, and 
the entire capital of the road so procured was a 
trifle over 3000/. sterling, to commence a railway 
28 miles long across an extremely difficult country, 
including one o_o three miles long across deep 
water, and a bog five miles wide over the ‘‘ Great 
Dummer Swamp” of Mrs. Moodie’s ‘‘ Roughing it 
in the Bush.” In an earlier paper of this series 
(vol. xxv., page 215) the modus operandi of construct- 
ing @ railway on money, without cash, as 

in those days has been explained, and this 
is the road there alluded to, Suffice it for our 


present purpose to say that before finally quarrelling | stood, 
with the company and deserting their unfinished rail- | Go 


way, all the cash had been expended, the contractor 
held 100,000/. of sterlin a bonds endorsed 
by the Government, which realised their full par value 
to him, and 60,000/. sterling of the mortgage bonds 
of the railway, which the Zimmerman Estate ex- 
changed and traded off in such a way that they 
realised at least two-thirds of their nominal value. 
For this the —-, had 15 miles of a very im- 
perfectly finishe cy f from Cobourg to Rice 
Lake, about two miles of an unfinished bridge with 
materials for the remainder, and 10 miles of ing 
nearly complete with the. rails.on hand to lay the 
road between Rice Lake and Pe h. In 
February, 1855, the directors called together all 
parties interested in the work, and made a full state- 
ment of their annoyances and disappointments. As 
always happens in municipal bodies there are two 
sides in every discussion ; the smaller the community, 
the more inveterate is their animosity, and the con- 


fusion and failure of one of the parties is the victory 
and glorification of their opponents. P, feeling 
ran high in Cobourg, it was a very small , but 


the ‘ smaller the rat-pit, the keener they bite,” the 
railway had been for three years at the bottom of all 
their municipal elections, had been ae the 
religion, the test question of the community, It had 
involved them in an overwhelming load of debt, no 
ordinary scale of taxation could enable them to dis- 
charge their obligations, and it was questionable if all 
the property in the village was worth the amount 
for which their municipality was mortgaged, and for 
which théy had now no available result to show, no 
_—s revenue to be derived from the broken- 
own undertaking. To add to their mortification 
it was found that no legal proceedings could be 
sustained against Mr. Zimmerman; and oy a little 
pe vapouring from the new council ‘of the town 
newly elected directors of the railway. re’ 4 
found themselves en Si not only to pay his 
claim for the railway, but to accept it in its imper- 


‘fect and unworkable condition in full satisfaction of 


his contract. The new Board found themselves 
without either cash or credit to complete the works, 
or to set the trains in motion on the fragment of its 
length on which the raile'were laid. By a resort to 
temporary loans and the creation of a floating in- 
debtedness the railway was however ultimately 
completed sufficiently to run the trains over its 
whole length, to connect the two ends of the long 
bridge, and even to conyert nearly a mile of it into 
a solid embankment, and for two years the traffic 
from Peterborough was carried, with occasional 
interruptions it is true, but-with sufficient regularity 
to keep the sawmills working, which for four miles 
above Peterborough line both:sides of the rapid, 
a eee Otonabee. But the affairs of the railway 


nancially were utterly or ry the floating 
debt had become unmanageable and ‘in confusion, 


¢ 


a ae. 


and each winter the weakness and inefficiency of the 
Rice Lake bridge was more apparent, whilst the 
enormous repairs upon it were clearly destined to 
swamp the whole earnings of the railway. The 
completion of the Peterborough branch of the Port 
Hope Railway in 1858, was the last step required to 
shut up this by no means promising road, and after 
a series of vain attempts at reconstruction, it 
rex fell into the hands of the parties interested 
in iyal route from Peterborough to Por’ Hope, 
passable, enti 1860 toh wel oud “ <a 
y its battered remains, purposely 

weakened: by the temoyal of the iron fastenings, 
quietly floated outwith the ice, and thus ended the 
way connexion vats Cobourg and Peter- 


under? 


rail 
hey | borough, and any chance of the one ever becoming 
th shipping port for the productions of the other. 
t 


e 
In 1866 the railway, or rather the two ends of it, 
were sold by the sheriff to a. company for the lump 
sum of 100,000 dols,, which cleared off some recent 
liabilities, whilst all other bonds, claims, debts, and 
obligations were wiped out,.for ever. 

Over forty years since an Englishman of the name 
of Hayes took up his residence in the then almost 


unknown of Marmora, 30 miles north of 
Belleville, and 65 miles north-east of Cobourg. He 
had owned a charcoal blast furnace on the Canadian 


side of Lake Erie, had established a foundry to 
remelt the pig iron into hollow ware and stoves, and 
was supposed to have made a handsome fortune. He 
had found at this distant point, surrounded by the 
uncut primeval forest, in addition to the b of 
marble which had, its name, an enormous 
deposit of the rich b oxide of iron, the value 
of which for the production of pig iron he under- 
and here he built a furnace, secured from the 

vernment an ko mph 9 A land, expended 
the whole of his money, and died of a broken heart. 
The property, after lying useless and unworked for 


some years, fell into the hands of a company = 
English. and partly Canadian,who restored the 
works, rebuilt’the Lecashig dams and houses, and 
again set’ it to work,* but it was again runed 
by the distance the front, and the vil- 
lainous interv roads’ thatenhanced the cust 
of every article of consum; ‘and made e 


from it for its productions only possible in the 
winter, The works were again laid up, but the 
county opened up an excellent gravelled road from 
Belleville, and asa ora secured settlers, 
and the population increased under the liberal 
management of the company who owned the property 
on which it stood, and the magnificent water power 
afforded by the overflow of Crow Lake, and the 
host of smaller lakes and streams of which it is 
the receptacle. In 1869 an Act was obtained for the 


a = rf the Co =F rm 
Railway the Marmora [ron Company, an 
d 1870 the new company got wader war and 


completed their The 10 miles of 
rails north of Rice Lake bridge to Peterborough, of 
no use without the bridge, were taken up and relaid on 
a new of ext from the Narrows 
of the t river, 20 miles below the old bridge 
across the lake to Blairton, the iron mines of the 
company. A steam tug and a number of barges were 
also procured to make the connexion between Har- 
wood, 15 miles from Cobourg, the former southern 
end of the bridge, and the new road at the Narrows, 
and the'railway entered upot a new phase of its em- 
ployment as a means of carrying away the valuable 
ore formerly worked at a loss by the Marmora Com- 
pany to supply ‘the’ forges and blast furnaces 
on the Ohio river"200 miles from Cobourg and in 
the United States. For ‘a he or two the opera- 
tions of the company “not very successful, but 
after @ deal of alice the enterprise is now 
well established, has been placed on a permanent 
footing, and two most’ rtunate speculations 
have merged into one fairly’ profitable investment. 
The company have @ ‘most excellent and extensive 
deposit of mineral, équél to the best of the Lake 
Superior iron ore, very much nearer to the market, 
and the leading © stors of the railway and 
mines até’ themselves largély interested in the iron 
and steel works of the Pittsburgh district, where the 
material finds its readiest sale. ; 

Besides the valuable ore beds of -Marmora ‘and 
Belmont, of which Blairton is their working centre, 
the company owns the’ old blast furnaces, the grist 
ond diy mills , and over half the thriving village of 
Marmora, a number of houses aisd fpalldin gs at 
Belmont, and 23,000 acres of land surrounding the 
two settlements. The share lis 730,440 dols., 
and bonds have been issued to the aniount of 
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PUMPING MACHINERY AT THE TWICKENHAM SEWAGE WORKS. 


CONSTRUCTED BY MESSRS. HAYWARD TYLER AND CO., ENGINEERS, LONDON. 


(For Description, see Page 25.) 


“INU 


—- 
TREE 


i i HANNAN 


MGM 7 


WE 


I 


431,000 dols., representing the cost of the railway 
and property, together 1,161,440 dols. In 1876 
the receipts from the railway were 38,638 dols., and 
the operating expenses were 27,989 dols. The ore 
is put directly from the mines into ‘‘ dumping” cars, 
transported 9} miles to the Narrows, tipped into 

and towed 20 miles to Harwood, Voaded on 
to the railway for the 15 miles ran to Cobourg, and 
thence shipped across Lake Ontario to the American 
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side, whence by rail and canal it reaches its desti- 
nation on the Ohio. The operations of the com- 
pany have on the whole been extremely satisfactory, 
—— from their dependence upon the navigation 
the railway is necessarily idle nearly half the year, 
and it has been in contemplation to rebuild the 
Rice Lake bridge, and replace the rails on the 
Peterborough section. In 1872 an extension of the 
old road, eight miles in length north of Peter. | 








borough to Lake Chemung, was completed to gain 
access to the northern lakes, and open up an exten- 
sive navigation by part of the incomplete ‘l'rent Canal 
works; but although this section was completed, 
the bridge project was crushed by the hard times, 
and the new section has never been regularly 
worked, whilst the 10 miles intervening between it 
and Rice Lake is covered with a thick wth of 
grass and underbrush, along which it would be diffi- 
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PUMPING MACHINERY AT THE TWICKENHAM SEWAGE WORKS. 
CONSTRUCTED BY MESSRS. HAYWARD TYLER AND CO., ENGINEERS, LONDON. 
(For Description, see Page 25.) 
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The gauge of the whole is 5 ft;6in., and the rails 
are 0 tant, neorapict oe iay cal 
ew! a ea: ee | a: — Cobourg is an ordinary Canadian town of about 
ae Pee eee Mas — ie _ . |5000 inhabitants, auseusiing. sieak the old highway 
— —— RAW ‘} along the north shore of e Ontario, and con- 
taining some handsome buildi of the beautiful 
white brick which is made on spot. Amongst 
these especially is Victoria College, erected in 1830, 
under a royal charter, as the Up Canada 
Academy of'the Wesleyan Methodists. The cost of 

te = a — a y the building was over 50,000 dols., towards which 
‘he # _ /| 9 nollie aol oo ee YW they were aided by a Government grant of 20,000 
os - ee dols, In 1841 it was resem san asthe mie and 

l| | HT ttle i i university, but still retains ts den i con- 
| in WTI WV nexion, 


The harbour of Cobourg is entirely arti- 

ficial, it is situated 72 miles east of Toronto and 96 

west of Kingston, on the north side of Lake 

“i i of two converging piers running out from the 

il ‘shore directly into the lake of a united length 

| originally of 2047 ft. ‘The opening in deep water is 

m Yj "The works were commenced in 1829 by a company, 

i , were assumed by the Government in 1849, and in 

Mt 1850, to which time they had ‘cost 62,000 dols., 
Ih 

i| Z j view to the extension and deepening of the harbour, 

MI Z Z the piers of which were very much decayed, and in 

: 1876 the new works were complete. These consist 

and forming one new side to the harbour, one, of 

the old piers forming the other side. The new pier 

was formed by 48 cribs of timber, each 30 ft, square, 
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Ontario and directly exposed to its waves, without 

‘any natural protection whatever, consisting simply 

about 100 ft. wide ; the piers are 190 ft. apart in the 

it centre, and enclose altogether 12} acres of water. 
were sold to the town council of Cobourg for 

16,000 dols. In 1874 a survey was made with a 

rincipally of a new pier 1470 ft. lon 380 ft. 

ie, son Fhe out tomes the foot of Bivins coset 
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which were floated out into the lake, sunk as nearly 
close together as possible, then filled with stone, 
capped and floored over. The total cost was about 
54,000 dols., which was borne one-third by the Har- 
bour Commissioners and two-thirds by the Dominion 
Government. On this pier the railway commences, 
and the station ground is conveniently situated at 
the head of the harbour, to every part of which it 
has sidings. A mile from this it crosses the Grand 
Trunk Railway on a level close to their Cobourg 
station, and thence pursues its due north course to 
the height of land which divides the waters of Lake 
Ontario from those running into Rice Lake. The sum- 
mit, 650ft. above Lake Ontario, is reached in 12 miles, 
where the road passes through a deep short cutting 
of a light cream-coloured clay of peculiar plastic 
character and unctuous touch. It thence falls by a 
heavy gradient three miles to Rice Lake, where for 
the present the railway ends at the rising little 
village of Harwood. Here steamers are in waiting, 
ove to cross the lake and ascend the Otonabee to 
Peterborough, and another to go down the lake and 
the Trent river to the other division of the railway 
which begins 20 miles north-east of Harwood. 
Two sidings to two different lumbering establish- 
ments and sawmills also turn off at this point, so 
that Harwood is now quite a busy terminus, with its 
different diverging feeders. Twenty-five years 
since this was nearly all dense woods ; a small ague- 
breeding, swampy stream oozed out from the de- 
caying trunks po | underbrush, and lazily mingled 
its muddy current with the miry waters of the over- 
flowed lake. Some distance off the thick bright green 
foliage of the wild rice beds covered the surface of 
the water, whilst here and there mounds of this rice 
grass, as rounded and regular as a haycock, floating 
on the water, showed where the muskrat was pre- 
paring his winter's stock of food; a few miserable 
shanties of slabs were the uninviting homes of the 
railway carpenters preparing the timber for the long 
bridge, the other abutment of which was undis- 
tinguishable in the long, hazy distance across 
the lake, One solitary framed building afforded a 
boarding house for the engineers and foremen, and 
amidst the miserable swampy surroundings looked 
comfortable and clean, There was no road to the 
place, and the only access was either to walk over 
the unfinished railway, or come by boat from the 
end of the Cobourg plank road, three miles dis- 
tant. 

With ague, and cholera, and dysentery, every 
misery and discomfort were associated, and a worse 
set of rowdy workmen of the vilest class gave full 
scope to every vice in this isolated abode of malaria 
and debauchery. All this is now altered, and Har- 
wood is one of the neatest and healthiest places in 
the Dominion, the clearing of the country, the dis- 
appearance of the dead timber that was destroyed 
by the canal works, the forest fires, which have 
several times passed through the decaying trunks of 
the trees, and the general drainage and improvement 
that has taken place, have entirely removed the un- 
healthy character of the district, whilst the lake, 
always beautiful, is now freed from the swampy 
fringe of decaying vegetation, which formerly sur- 
rounded it, The fishing and boating on this lake is 
excellent ; the famous maskinonge, the largest and 
best of the pike family, is lord of the finny tribes, 
and here attains its largest size and best flavour, 
It has been caught here 7 ft. in length, and his 
capture requires considerable skill and no small 
nerve and strength. ‘The wild rice is a most de- 
licious article of food; it grows on the grass-like 
stems which almost conceal .the water, its roots 
being at the deep recesses of the mud which seemed 
to the engineers building the bridge almost bottom. 
less, ‘The fruit ripens a black cylindrical grain, 
less than ,, in, in diameter and an inch in length, 
and the Indians collect it by pushing their canoes 
in the grass, and bending the heads over with their 
paddles, when a sharp stroke knocks the rice into 
thecanoe, When boiled it swells to three times its 
former bulk, is beautifully white, and in the centre 
isa little black filament, the shrivelled up cuticle of 
the grain. It is very delicious, and much more 
delicate in flavour than the rice of commerce, and 
appears capable of greater variety of culinary treat- 
ment, The part of the lake where it grows is the 
deepest, and the naturally muddy bottom was ren- 
dered more difficult to drive the piles from the resist- 
ance of these root fibres, In building the bridge 


double square piles 12 in. by 12 in. were bolted to- 
gether so as to break joint, making a total length 
of as much at 80 ft., which unshod were driven 
casily with an 18 cwt. monkey, and never found 


a satisfactory bottom. At a distance of 3500 ft. 
from the south shore was a small island called Tick 
Island, which the railway bridge was diverted from 
its straight line to catch. The whole of this dis. 
tance was across a rice bed ; the piers of the bridge 
consisted of six of the double piles described, four 
driven perpendicularly, and one on each side 
raking in the proportion of about one to six. The 
piers were 18 ft, centres, two double stringers car- 
rying the track. When the hot April sun expanded 
the ice on the lake in the middle of the day, it 
forced the whole of this section out of the perpen- 
dicular, and drove the ends of the stringers more 
than 2ft. into the abutment, crushing the timbers 
as if they were stubble. ‘The variations in the 
length of this bridge, 14,360 ft. long, due to the ex- 
pansion and contraction of the ice, were enormous, 
and the mistake committed in making the double 
stringers continuous from one end to the other was 
soon apparent, North of Tick Island, where the 
bottom was good and gravelly, there were forty- 
seven spans of a Burr truss, 80 ft. long each from 
centre to centre, then a turntable bridge with two 
60 ft. openings, then twenty-eight more spans of 
80 ft. each, the whole of this being in water of an 
average depth of 28 ft., the bottom chord of the 
bridge being 10 ft. above this. From this to 
the north shore the water averaged 15 ft., and the 
bridge was an ordinary trestle with piers 18 ft. 
apart. Long and weak as it was no accident ever 
occurred in passing over it, and but for the other 
troubles of the railway it might have been still in 
existence, the whole of it being of the best white 
ine. 

. The iron ores which are traceable for more than 
100 miles from the Ottawa river to the north of 
Peterborough county, are the magnetites and hema- 
tites of the Laurentian system, and mineralogically 
are similar to the ores which belong to the same 
system of rocks in New York and New Jersey, 
where they have been largely worked. Similar ores 
abound in Norway and Sweden, occurring in a for- 
mation of the same geological age, and furnishing 
large quantities of excellent iron of brands famous 
throughout the world, Some of the ore contains as 
much as 93 per cent. of peroxide of iron, and when the 
furnace was working at Marmora, the yield showed 
generally a ton of iron from ] ton 1% cwt. to 
1 ton 15 ewt. of ore. Besides iron, there is a 
number of other economic minerals throughout the 
Marmora and Belmont townships. There is a large 
exposure of lithographic stone, and some years since 
a number of pieces of this were sent off to different 
parts to test for printing, and apparently with very 
favourable results. A bismuth mine was worked 
for some time, being found here as a carbonate, but 
was abandoned in 1868 as unprofitable. A more 
promising mineral was galena, found in the same 
vicinity, and the Hastings Mining Company took 
out six tons from the surface, which, when dressed 
and crushed, yielded 66 per cent. of lead. En- 
couraged by this, they sunk a shaft 135 ft. deep, but 
this turning out unsatisfactorily, the enterprise was 
abandoned. Messrs. Lombards, of Boston, Massa- 
chusetts, opened another mine in the same neigh- 
bourhood in 1867, which also yielded very well at 
first, but failed when a lower depth was reached, 
and of twenty-five places where galena has been 
proved, only one continued working after the first 
twelve mouths. 

Latterly there has been considerable excitement 
over reported discoveries at Marmora of gold and 
silver, and many openings have been made, and 
numerous companies have been organised to prose- 
cute these researches, and some of them are still 
working and paying their way, whilst enough has 
been proved to point out this district as destined, 
before long, to be a permanent mining locality of 
great richness and variety of products. 








RAILWAY BRIDGES IN COSTA RICA. 
Costa Rica, which stretches from the Atlantic to 
the Pacific, is one of the Central American republics 
north of Panama. A railway is projected from 
Limon, on the Atlantic, to Punta Arenas, on the 
Pacific. The central portion of the railway passing 
through the capital San José has been open for some 
time, and the eastern portion to Limonis sing pushed 
on vigorously, There are numerous rivers to be 
crossed, and the bridges for these were entrusted to 
Messrs. A. Handyside and Co., of Derby, who were 
furnished by the Government of Costa Rica with 





the necessary information for the designs. Messrs. 








A. Handyside and Co. engaged the services of Mr. 
M. am Ende, of Westminster, who made the designs, 
and after having been erected in their yards, some 
of the bridges are now in course of erection in Costa 
Rica. The carriage forms an important item in the 
cost, and structures combining great strength with 
small weight and simplicity in erection- proved 
desirable. The girders, therefore, are made of 
great depth, and the number of parts is small. The 
bridges now in course of erection are : 

1. The Pacuare River Bridge, with one span mea- 
suring 250 ft. clear. 

2. The Matina River Bridge, with three spans 
each 150 ft. clear, and seventeen spans 60 ft. each. 

3. The Moin River Bridge, with six spans of 
62 ft. clear. 

The clear width of these bridges is 12 ft., the 
gauge being 3 ft. 6 in. 

The Pacuare River Bridge rests on two masonry 
abutments. The main girders are of the bowstring 
form and the web is constructed according to the 
single Warren system. The distance between 
centres of bearings is 255 ft. The points of junction 
of the diagonals are 51 ft. apart, the depth 
in the centre is about 43 ft., the skeleton of the 
girder consists of not morethan nineteen bars. Be- 
sides these there are nine vertical bars forming part of 
the lateral vertical bracing and some of them carry- 
ing intermediate cross girders. The cross girders 
are 25 ft. 6 in. apart and havea length of 13 ft. 73 in. 
between centres of bearings, they are plate girders 
of a depth of 2 ft, 6 in. in the middle. ‘The two end 
girders are box-shaped. 

The longitudinal rail-bearers, 25 ft. 6 in. long and 
4 ft. Gin. apart, are 2 ft. 7 in. deep and are con- 
tinuous from end to end of the bridge. The hori- 
zontal wind bracing is placed at the bottom of these 
girders. The top flanges of the main girders are 
connected by a bracing following their outline, and in 
addition to this a horizontal bracing is placed about 
half height between the bottom flange and the ex- 
treme point of the top flange. The latter two systems 
of bracing extend towards each end of the bridge to 
within a point where room must be left for the train 
to pass through. From this point down to the 
bearings on the abutments the top flanges are 
widened out considerably, viz., to about three times 
their ordinary width, and terminate at the box. 
girder, mentioned above, to which they are firmly 
fixed. Thus the lateral strains are here taken up 
by the flanges alone, and brought down to the 
bearings. ‘The bridge rests at one end on a cast- 
iron roller bearing, and at the other end on a fixed 
beariog. There is no pivot in either of the bearings, 
but there is an arrangement to allow the bridge to 
tilt on an edge in the middle of each bedplate before 
it is finally fixed to them. ‘The details of the iron- 
work are so arranged that the principal parts, most 
of which have a length of about 25 ft., could be 
finished at the works in England, and only the 
connexions, which are not numerous, are left to 
be done on the site. There are 143 tons of 
wrought iron, and 6 tons of cast iron, in the 
Pacuare Bridge. We shall shortly publish draw- 
ings of this work. . 

The Matina River Bridge, which we partially 
illustrate by a two-page plate and the engrav- 
ings on page 27, and of which we shall publish 
further details, consists of three main spans of 
155 ft. each between centres of bearings, and 
seventeen spans 55 ft. between bearings. The 
main spans are constructed on the principle of the 
Pacuare Bridge. The piers consist of two cast-iron 
cylinders 8 ft, in diameter filled with concrete. The 
bedplates rest on the concrete, and each pair of 
them is joined together by a cast-iron distance- 
piece 1 ft. 4 in, in diameter, The small spans are 
constructed as arches, each span acting indepen- 
dently. By this plan the girders and piers of the 
viaduct of the ordinary type are combined into 
one structure. This is an element of economy and 
strength, 

For the calculation of strains on these bridges a 
train was assumed consisting of two engines weigh- 
ing about one ton per lineal foot and followed by two 
tenders % ton per lineal foot with trucks of the 
same weight as the tenders. 

For the calculation of strength it was agreed upon 
that no part should be strained from these loads 
more than with five tons per square inch. On inves- 
tigation it will be seen that this strain was reduced 
for most parts according to a new method of calcu- 
lation, based — the experiments with repeated 
strains, by Wohler. As Costa Rica is a country 
visited by hurricanes, special attention has been 
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given to this circumstance in the construction of 
these bridges. 

Pacuare Bridge—The Pacuare Bridge is very 
narrow, the proportion of width to length being 
only about 1 in 18. The bottom flanges which 
are most strained by the wind pressure are therefore 
strengthened with regard to it.; 20 lb. wind pres- 
sure would probably overturn a passenger train on 
a3 ft. 6in. railway. Taking this as the wind pressure 
up to which traffic is carried on over the bridge, 
but applying it to the assumed heaviest goods train 
weighing 3 tons per lineal foot, and exposing to the 
wind a surface equivalent to a solid wall 6 ft. deep 
at a mean height of 6 ft. above the rails, and adding 
to it the surface which the girders expose to a hori- 
zontal wind pressure, the strain in the leeward 
bottom flange will be 5.33 tons. This is made up 
of 3.54 tons from the weight of bridge and train, 
1.32 tons from the wind pressure of 29.3 tons, of 
which 20.76 tons come upon the bottom flanges, and 
0.467 tons which is due to the leverage with which 
the wind pressure acts upon the bridge. 

As the bridge is calculated according to the new 
method hereafter referred to with a factor of safety of 
3, and as, according to that method, rarely-occurring 
forces are allowed to bring a strain of one-third of 
the breaking strain on the parts of the bridge, viz., 
7.5 tons, it follows that a wind pressure of 44.3 lb. 
would be within that margin, and it may be added 
that 86 lb. wind pressure would correspond with a 
strain of 11.25 tons, which is the limit of elasticity 
of the iron. ‘The horizontal deflection would be 
2.3in. for 20 lb. pressure, 5 in. for 44.3 1b., and 
10 in. for 86 lb. The greatest strains in the wind 
braces between the bottom flanges would be 1.7 tons 
per square inch for 20 lb. pressure, 3.75 tons for 
44.3 lb., and 7.3 tons for 86 lb. The stability of the 
Pacuare Bridge against overturning on its bearings 
is the least when no train is upon it. Taking the 
distance between centres of bearings as the basis, 
viz., 16 ft. 9in., a horizontal wind pressure of 
150 lb. per superficial foot must be imagined to do 
this. 

Matina Bridge Large Span.—Making the same as- 
sumptions as before, viz., 201b. wind pressure, and 
a train weighing 3 ton per lineal foot, and exposing 
to the wind a surface equivalent to a solid wall 6 ft. 
deep above the rails, the strain in the leeward 
bottom flange will be 5.54 tons,'made up as before of 
0.8 tons, 0.5 tons, and 4.24 tons. Consequently the 
strain of 7.5 tons is reached with 501b., and the 
strain of 11.25 tons with 107 lb. wind pressure. 

Matina Bridge Viaduct.—As the structure is very 
light, weighing only 4 ton per lineal foot, including 
the timber platform, even smaller strains than the 
above have been allowed, since there is the danger 
of upsetting the empty bridge by a wind pressure 
acting from underneath. The surface which the 
empty bridge exposes to a horizontal wind pressure 
is equivalent to a solid wall of 4ft. 6in. depth at 
a height of 18 ft. above the base; the base is 15 ft., 
and putting the anchorage of the bedplates equal to 
an additional foot, which brings it up to 16 ft., the 
moment to turn over will be in pounds for each 
lineal foot=18 x 4.5 x W, while the moment of sta- 


bility is : x }ton= > x 746lb. Consequently 


the wind pressure W is 731b. Taking the surface 
which the bridge may offer to a wind pressure act. 
ing from beneath as 4 of the calculated one, the 
wind pressure required to overturn the bridge 
would be about 54 lb. per superficial foot. 

If this wind pressure is assumed to act upon the 
bridge when a goods train of % ton weight per lineal 
foot passes over it, the strain in any = of it will 
not exceed 5.5 tons per square inch. The height of 
the structure up to the rails is 22 ft., which is about 
1.5 times the base, and it is obvious that if a greater 
proportion had been taken it would have been 
necessary to increase the dimensions of the iron and 
the depth of the anchorages accordingly. 

It was stated before that the peculiar construction 
of the Matina Viaduct contains elements of economy 
and strength. First, with regard to economy, it 
may be observed that the foundations of a viaduct 
are generally so constructed, or can easily be 
constructed with little additional expense, as to 
bear the combined pressure from a loaded span 
with that of an empty one under an angle with the 
vertical, because this pressure is not so great as that 
from two adjoining spans when both loaded. This 
inclined resistance of the foundations, which is 
made use of in the Matina Viaduct, then virtually 
shortens the span of the bridge, and must, there- 
fore, contribute considerably to economise material. 





Secondly, with regard to strength, or rather 
stability, it is of no small importance that the centre 
of gravity of a structure, as well as the centug of 
the surface which it exposes to the wind pressure, 
should be as low as possible, in fact, that the 
structure should not be top heavy. The centre of 
the surface of the Matina Viaduct, which nearly 
coincides with the centre of gravity, is 3 ft. 6 in. 
below the level of rails, while, if parapet girders 
had been applied, it would be above it, This dif- 
ference has a considerable influence upon the lateral 
stability of the bridge. A similar advantage of the 
Matina Viaduct appears with regard to the longi- 
tudinal stability oF the bridge. If brake power is 
applied on every carriage of a long train, each span, 
and, therefore, each pier, has to resist its share of it, 
and it would not be difficult to prove that the piers 
of many existing bridges or viaducts would receive 
an undue strain from such application of brake 

ower. It will be seen in a further article that the 
fatina Viaduct can bear such strains with great 


e. 
The two halves of the arch are made to meet ina 
hinge at the centre, in order to avoid the effects of 
changes of temperature. The two arches of each 
span are laid into planes inclined to each other. 
The structure is thus made broad at the base and 
has great stability against wind pressure. There 
are 166 tons of wrought iron and 187 tons of cast 
iron (including cylinders) in the three large spans, 
and 184 tons of wrought iron and 7 tons of cast 
iron in the seventeen small spans, 
The Moin River Bridge bes six spans of trellis 
girders of the ordinary type resting on concrete 
cylinders, and does not require special notice. 
There are 118 tons of wrought iron in the Moin 
Bridge including cylinders. Although Messrs. 
Handyside’s contract ended with the shipment of 
the bridges in England, they supplied some expe- 
rienced erectors who are now engaged in the com- 
pletion of the structure on the respective sites. 
The engineers in Costa Rica, as in other parts of 
Central America, are mostly from the United 
States, and they favour their own type of bridges. 
It is interesting to note, therefore, that the bridges 
we here describe, though made in England, are in 
many respects unusual. We shall take an early 
opportunity of again referring to the method of 
calculating the strength of these bridges. 





SEWAGE PUMPING MACHINERY. 

Amone the many places where the question of sewage 
disposal has been forced upon the attention of the local 
authorities, one of the most important is the large 
and populous district of Twickenham. The town being 
situated on the banks of the Thames, it was of peculiar 
importance that the drainage should be efficiently inter- 
cepted and treated by scientific methods. The Sanitary 
Authority, headed by their chairman, Mr. F. Ashton, 
have thoroughly faced their difficulties, and their sur- 
veyor, Mr. H. M. Ramsay, has laid out a complete scheme 
of main drainage by which the sewage is intercepted and 
collected at a convenient spot of waste land at a distance 
from the town. On the question of the pumping ma- 
chinery, M. Jas. Mansergh, of Westminster Chambers, 
was consulted, and under his directions and those of the 
Board surveyor, Messrs. Hayward Tyler and Co. have 
designed and constructed the machinery which forms the 
subject of our illustrations on pages 22 and 23 of the 
present number. The pumping engines there shown 
were put in hand in 1878, and commenced working last 
April, since which time they have continued at steady 
work. They are now raising about one and a third 
millions of gallons per day of twelve hours. 

The sewage reaches the engine-house at a distance of 
about 50ft. below the surface, and is at present raised 
some 10ft. further; but the machinery is of sufficient 
power for a much higher lift should it prove necessary at 
a future time to discharge it at a greater distance, 

The pumps are six in number, in two sets of three, 
each of which is driven by one of the engines. They can 
either be worked together or separately. The pumps 
are placed ina well of a Q shape, the flat side of the 
well being towards the ends of the engines. The pumps 
are of the single-action plunger type, 14 in. in diameter, 
and 33 in. stroke, normal working speed 12 revolutions a 
minute. The valves are iron clacks shod with leather, 
and arranged on diagonal plates in the valve boxes, with 
suitable doors for access both above and below them, and 
simple means of taking out any valve for repair or re- 
leathering. A detail view of the valves is given in Fig. 3, 
page 23. The waterways are very large, and the area 
of each set of valves (suction and delivery) equals the 
area of the ram. The results given by these valves have 
been thoroughly good. The glands and necks of the 
pump barrels are fitted with gun-metal bushes, and the 
ram stuffing-boxes are of ample capacity to avoid the 
necessity of frequent packing. The plungers are con- 
nected with strong spear rods of pitch pine; the connect- 





ing rods are of wrought iron fitted at each end with 
massive gun-metal couplings; the motion bars and cross- 
heads are of cast iron of ample wearing surface, and the 
former have large oil-boxes cast on at the bottom into 
which the crosshead dips at each stroke, securing perfect 
lubrication and economy of oil. The motion, bars are 
carried in a massive framework of girders, with special 
arrangements for easy removal in case of future repairs 
or replacings. The pomp are driven by very strong 
cast-iron gearing and wrought-iron cranks carried on 
frames or bedplates placed across the well, and carried 
under, and bolted to the engine beds. They have con- 
tinued at work since first starting without interruption 
for alterations of any kind. 

The engines are two in number, high pressure and con- 
densing on horizontal box bedplates, the cranks being 
supported on both sides of the bedplate as well as out- 
side the flywheel. The cylinders are 16 in. in diameter, 
30 in. stroke, steam jacketted and lagged with ma- 
hogany. The normal speed of the engines is 45 revolu- 
tions per minute. The governors are of the Porter type, 
and very sensitive ; the expansion gear is on the Meyer 
system, regulated by hand. The crankshafts are of 
great strength forged wrought iron, carrying flywheels 
10 ft. in diameter, turned on rim, and with counterbalance 
for connecting-rods and cranks ; the flywheels are also 
provided with holes round the rim for starting the 
machinery with a lever. All working parts of the two 
engines are made as far as possible interchangeable. 
There are ample arrangements for lubricating throughout, 
and the bottom motion bars have a special arrangement 
of oil catcher cast on the entire length of the bars, 
securing great cleanliness and oil economy ; the crank- 
shaft bearings are also provided with oil catchers. The 
engines are fitted with jet condensers and double-acting 
air-pumps, the latter being arranged behind the cylinders 
in the way generally adopted by this firm for engines of 
moderate size. The air pumps are 54 in. in diameter by 
30 in, stroke, and a vacuum of 26 in, is obtained, The 
working of the engines, since first moving, has been 
entirely satisfactory, and the fuel consumptiun is very 
low. 

The water supply for the condensers and other require- 
ments of the mixing room, &c., is obtained from a well 
near the engine-house. Two of Messrs. Hayward Tyler 
and Co.’s patent steam pumps, with 9-in. cylinders by 7-in. 
pumps, are placed near the main boilers, and raise the 
water to a large cast-iron tank, whence it is laid on to 
the different parts of the building. The boilers are two in 
number, of the Lancashire type, 22 ft. long by 6 ft. dia- 
meter, with four Galloway's tubes in each flue. They 
are fitted with Martin’s patent furnace doors and Jordan’s 
dead-load safety valves and supplied by injectors, The 
working pressure is 60 |b. 

In connexion with the pumping machinery, and driven 
by a strap from the engines, is a complete set of. mixing 
machinery for preparing the precipitating material and 
mixing it with the sewage before it flows away to the 
settling tanks. This part of the work was also carried 
out by Hayward Tyler and Co. from the designs of Mr, 
Ramsay, 
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Frenou Stzam Navication.—The French General 
Transatlantic Company has authorised the directors to raise 
further capital to the extent of 1,600,0001, by an issue of 
pd od cent. bonds redeemable in30 years. The greater part 

this new capital is gp for the Nees. mail service 


for which the company obtained a contract. 
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GOODS WAGON. 

We give this week on page 30 engravings of one of 
the standard types of goods wagon employed on the 
Western Railway of France, while the additional views, 
Figs. 5 and 6, on the present page, show the manner in 
which some of these wagons are fitted up for carrying 
a brakesman. The construction of the wagon will be 
readily seen from the engravings with but little explana- 
tion. The under frame is of the composite type, the 
soles being of steel of I section, 9}in. by S3fin. by 
0.354 in., and the side pillars being fixed to plate brackets 
rivetted to the soles as shown, while the headstocks, 
transverse bearers, diagonals, &c., are of wood. It will 
be noticed that in the connexion of the timber portions of 
the frame, iron knees, fish - plates, and short bolts are 
used far more freely than would be considered either 
necessary or expedient in English practice, while on the 
other hand, there is an absence of the through tie-bolts 
so generally used here. The scantling of the headstocks 
is 10.4 in. by 4in., and their length 9 ft. 4.2 in., while the 
scantling of the transverse bearers is 9.84 in. by 3.54in., 
and of the longitudinals 6.3in. by 3.15in. The total 
length of the frame over headstocks is 18 ft. 2}in., and 
the extreme length of wagon over buffers is 21 ft. 11}in. 
The clear width between the J bars forming the soles is 
6 ft. 

The body is 18 ft. 1 in. long inside by 8 ft. 6.4 in. wide, 
and it is 4 ft. 9}in. deep, for 2 ft. 9}in. of which 
depth it is close boarded at the sides and ends, the re- 
mainder of the depth being open boarded, the boards 
having 4 in. spaces between them. The close boarded 
portion is sufficiently deep to enable the wagon to carry 
10 tons of coal, while the carrying up of the sides beyond 
this depth renders the wagon available also for the 
transport of more bulky merchandise. The body is fitted 
with side doors, as shown, and the door pillars are sup- 
ported in the direction of the length of the wagon, by 
vertical and diagonal angle-iron braces arranged outside 
the flanking, as shown in Figs. 1 and 2. All the side 
and end pillars are also stiffened by strong knee irons on 
their inner sides, as shown. 

The bearing springs have a span of 3 ft. 3j}in., and 
consist of 10 plates, each 3.54in. by 0.394in. The de- 
flection of these springs is 0.71 in. per ton of load. The 
buffer springs are arranged near the ends of the vehicle, 
as shown in Figs. 1 and 2, and serve also as draw springs. 
The total span of the springs is 5 ft. 8.9in., but they are 
each provided with a short top plate 3 ft. 10}in. long 
between centres, the top plates of the two springs being 
coupled by a pair of longitudinal tie-bars, as shown. 
This arrangement, which is much used in French prac- 
tice, has the effect of making the central portion only of 
the springs act as draw-springs, they being therefore 
much stiffer in the latter capacity than as buffer springs. 
In the case of the wagon we are describing, these springs 
consist each of 9 plates (including the special top plate 
for the draw-gear), these plates being 2.95 in. by 0.59 in. 
The flexibility of the springs is 0.77 in per ton when act- 
ing as buffer springs, and 0.47 in. per ton for the portion 
resisting the pull of the draw-bars. It will be noticed 
that the wagon is fitted with screw couplings, as is usual 
on Continental railways, the Continental lines being de- 
cidedly in advance of us as faras the mode of coupling up 
their goods trains is concerned. The safety chain bolts 
are arranged to pull against india-rubber pads, as shown 
in Fig. 2. 

The wheels are of wrought-iron manufactured on the 
Arbel system, and are 3 ft. 44 in. in diameter. They are 
fitted with steel tyres 2.16 in. thick. The wheel base of 
the wagon is 9 ft.10.l in. The axles are 5.9 in. in dia- 
meter at the wheel seat, 5.71 in. just inside the wheel 
bosses, and 5.12 in. at the centre, while they have bear- 
ings 3.94 in. in diameter and 7.1 in. long. The mean 
weight of an axle and pair of wheels is 18.6 cwt. 

The arrangement of the accommodation for the brakes- 
man is clearly shown by Figs. 5 and 6 on the present 
page and will be understood without special description. 
The brake is applied to all the wheels. The weight of a 
wagon with brake is 6 tons 12 cwt. empty, or 13.2 cwt. 
per ton of load carried when charged with its full load 
of 10 tons. In the case of one of these wagons exhibited 
by the Western Railway Company at Paris last year, and 
constructed by the company themselves, the cost was 
given as 148/ at the works. 








Jarra AND JeRUSALEM.—Mr. §S ls, a fi i 
connected with some prominent firms in England, has been 
making inquiries regarding the expediancy of constructing 
a steam tramway between Jaffa and Jerusalem. 








Lonpon ASSOCIATION OF FOREMEN £NGINEERS AND 
DravuGHTsmMEN —The twenty-seventh anrual meeting was 
held at the Cannon-street Hotel, on Saturday last, Mr. 
Joseph Newton, C.E.,in the chair. After the election of 
Mr. John Esson, as an honorary and of Mr. Johnson, 
of Chester, as an ordi member, the auditors—Mr. 
W. T. Coates and Mr. J. Cassells—presented the balance- 
sheet and their report upon it. th statements were 
cootialy received by the meeting, and they showed that 
the funds of the society equal 1l. 10s. 6d., whilst the 
total nee members is 345. se Newton then Ln 
livered a address, retrospective autobiographical, 
and which ene well received. He then, in accordance with 
the rules of the sociely, vacated the chair, but for the 

imously re-elected. 


twenty-second time was unani 
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IMPROVED PORTABLE ENGINES. 
To THE EDITOR OF ENGINEERING. 

Srr,—Owing to the Christmas holidays and pressure of 
business, Mr. Hartnell’s letter in your impression of the 
19th of December has only just come under our notice. 
There are many statements contained in the letter which 
are certainly incorrect. That the portable engine exhibited 
by us at the Smithfield Show was made to his specification 
or originated with him is altogether wrong. To make 
matters plain, however, and put Mr. Hartnell right, we 
submit the following as the facts of the case. 

Mr. Hartnell appears to have thought of the matter only 
in the summer and not to have matured his ideas until the 
autumn of last year, whereas as far back as 1878 we had 
constructed an improved engine with semi-portable steel 
boiler to work at a much higher pressure than usual, and 
other special appliances for economising fuel, and it was 
only from the accidental circumstance of one of Mr. 
Hartnell’s pupils having been engaged to fix some of the 
machinery manufactured by us that the matter came under 
his notice at all. 

In March last, in consequence of the very high character 
our engines and boilers had acqui for themselves in 
South Africa, we received an order from Mr. Thaine Allen 
for machinery for the Diamond Fields. This gentleman at 
the time stated, amongst other things, that he required 
some portable engines, and knowing, as we did, the high 
price of fuel and the t cost of transit, we then advised 
an engine of special type. After having several times 
mentioned and pressed Mr. Allen to have a high-pressure 
semi-portable engine, he took the matter again into con- 
sideration, mentioning it to his newly-appointed engineer, 
the gentleman mentioned above, who we know at once 
asked Mr. Hartnell’s advice upon it. 

In the meantime Mr. Allen decided to have such an 
engine, and it was finally ordered of us. A short outline 
specification had been sent us in common with other firms 
to estimate from, but we were in no way guided by it. 
Mr. Hartnell’s late pupil asked us to submit our drawings 
for this engine to him, which we declined to do, reserving 
to ourselves fall liberty of action. We may mention the 
engine was afterwards made in all particulars according to 
our own judgment. With reference to our governors, 
will Mr. Hartnell state where and when he made a similar, 
and upon what engine they can be seen? With reference 
to the frame in which the engine is built, it is what Mr. J. 
J. Tyrrell describes it, ‘‘a locomotive above the boiler.”’ 
We do not claim for ourselves the novelty of the wrought- 
iron framing, as such engines have been used for a great 
many years past. 

More than twenty years ago we remember seeing a 
double cylinder horizontal engine in a wrought-iron frame. 
This engine had been at work as a locomotive, and had been 
divested of the boiler. After so many thousands of such 
engines have been made, originality cannot be claimed in 
the adoption of this arrangement now. The — with 
the Hartnell governor in question has a single slide only. 
Does Mr. Hartnell assert that such a system will compare 
favourably with an engine with a well double 
slide? If so, there is nothing like a test to settle the ques- 
tion, and we are willing to enter into competition and 





GOODS WAGON FOR THE WESTERN RAILWAY OF FRANCE. 
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arrange a trial with Mr. Hartnell. The conditions to be 
similar to those of the Royal Agricultural Society’s trials, 
only, of course, the boiler pressure 140 lb. to be allowed. 
Davey, PAXMAN, AND Co. 
Colchester, January 7, 1880. 








THE GAS ENGINE. 
To THE EDITOR OF ENGINEERING. 

Srr,—In all industries which require a small amount of 
motive power, the use of the gas engine is extending day 
by day. The fact that it is ready at a moment’s notice 
without the delay caused by lighting fires or getting up 
steam, or the expense of keeping up the pressure during 
intervals of work, the small amount of attendance which 
it {requires, and its immunity from danger of explosion, 
are some of the reasons that specially recommend it. On 
the other hand, it has not been long enough in use to 
enable practical men to decide on its probable durability, 
and the |high temperature at which it works makes con- 
siderable doubt be entertained upon this point. In some 
kinds; of engine the slide valve especially seems |to undergo 
rapid deterioration. In some of the later patterns, how- 
ever, it is said that the valve is maintained at so lowa 
temperature that no apprehension need be entertained 
upon this point. Again, 2 to the present the price 
ce for oe engines has been ‘rather high, but com- 
petition will doubtless remedy this objection, and, indeed, 
of late some engines which have not as yet fully come into 
the market are advertised at prices remarkably low. If 
these engines are good they will be sold largely, not only 
for manufacturing but domestic purposes, and the pump- 
ing of water, the cleaning of cutlery and plate, the 
polishing of boots and shoes, &c., will ere long, not only 
in hotels, but even in private houses be performed by this 
cheap and handy “‘ slave of the lamp.”’ 

My object in writing to you at present is to call the at- 
tention of your readers to the relative efficiency of the heat 
employed in the gas engine as compared with the steam 
engine. 

All your readers are of course aware of the meaning of 
the mechanical equivalent of heat, or the quantity of dy- 
namic energy that is equal to a thermal unit. ill em- 
ploy the English mechanical unit, viz., a foot-pound, or 
the quantity of work employed in raising 1lb. 1 ft. ver- 
tically, and the English thermal unit, or the quantity of 
heat which is sufficient to raise 1lb. of water 1 deg. of 


_Fahrenheit. I will call the first foot-pounds, and the se- 


cond 4. 

The mechanical equivalent of heat as experimentally de- 
termined by Dr. Joule, and theoretically calculated by 
others, is 1 9 = 772 foot-pounds, that is to say, that if all 
the heat in 1g unit were converted into work, this work 
would be equal to 772 foot. pounds ; or 772 foot-pounds, if 
converted into heat, will produce 1 6. 

The large unit employed by engineers, viz., the horse 
power, is 33,000 foot-pounds, and therefore the thermal 
equivalent of the amount of work is echoes = 2563 6, 
or 2563 heat units are converted in producing 1 horse power. 

It is calculated that good coal by its combustion gene- 
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RAILWAY BRIDGE OVER THE MATINA RIVER, COSTA RICA. 


MR. M. AM ENDE, ENGINEER, LONDON ; MESSRS. HANDYSIDE AND O©O., CONTRACTORS, DERBY. 


(For Description, see Page 24.) 
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rates 14,000 6. If all the heat could be converted into 
_ work it would require only ica = = 0.081 Ib., or about 
one-twelfth of a pound of coal to maintain 1 horse power 
etre tn that the best nd condensing 

e know e compound con engines 
use 2Ib. of coal, a good ordinary condensing engine uses 
51b., and small high-pressure engines from 4]b. to 101b., 
and even more, per hour. It must be remembered that 
when the work is interrupted at night, and seal meal tim 
a considerable 2 aay of fuel is used in getting Page | 
maintaining steam 

The economical result may be summed up as follows: 

Engines using the quantities of coal enumerated below, 








ome te 1! the following percentage of the total heat 
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Let us now take the weo-of the gas engine. 
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four —- ang eee statement as to the con- 





There is considerable variation in the. quality of coal gas 
The higher the illuminating power, the higher also 7“ 
bonite power, = the latter quality increases in a less 

the former. For example cannel gas of 26 
proce Bag is for supplying light 75 per cent. better than ordi- 
nary 15 candle coal gas, but some recent experiments show 
it only about 23 per cent. better for heating purposes. 

Cannel gas of 33 candles, although 120 per cent. better 
for lighting than the first, is only about 50 per cent. better 
for heating. 

In order to fix on some standard I will take ordinary 
coal of, say, 16 candle power, such as is supplied in 
The heating power of coal gas has been variously 
estimated as under : 

M. Morin, 696 §; Dr. Letheby, 650 
Mr. Goddard, 652 6; urt, 756 6. 

I am inclined to think that the lation estimate is nearer 
the average than the others. I will, however, assume 700 9 
being the mean between the extremes ven above. We 
therefore, see that the gas engines men a ‘should 
develop by the combustion of gas— 


6. 
No. (20x 700) =14,000 
Nos. . and ITI. (15x 700 ms = 
No. 10 x 700 

If all the heat of combustion of | 1 cubis foot o ot gan re 

only 


converted into work, 1 horse power would req 


ao. 66 cubic feet per hour. 


-If we do as before, and divide 2563 4 by each of these 
numbers, we get the following results: 
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2563 ie: 
No.I ia,000 ove 183 
Nos. IT. and III. ... ose ove = 244 


No. IV. ... eve We ees ose =.366 

Or in other words, the percentage of the heat of combustion 
converted into work is as follows : 
Per cent, 
No. L. converts ... ove ove 18.3 
Nos. if’ and II. gas engine converts 24.4 
No. IV. gas engine converts om oe 36.6. 

If we contrast these percentages with those ty oP 
for the steam engine, we find that No. I. converts into 
useful effect twice as much of the heat as the best steam 
engine, six times as much as a good condensing engine, and 
eleven times as much as small high-pressure engines com- 
monly employ ; No. IV. is said to turn into useful effect 
four, twelve, and twenty-three times as much heat respec- 
tively as the several classes of steam engines referred to. 

These results seem remarkable for a machine which, I 
may say, as compared with the steam engine, is almost in 
its infancy, and it is almost possible t some special 
qualities of gas will hereafter be manufactured at a low 
cost for the production of heat and motive power. If such 
be Soates the province of the gas engine will be far ex- 
tended. 

l will not at present go into the question of cost, but 
a friend of mine has remarked that a very important social 
change may arise from perfecting of the gas engine. If the 
production of motive power on a small scale can be made 
economical, the small manufacturer may be able to compete 
with the great millowner, and the productions of the 
country may to a great extent come from men and women 
and children ted in families, and not from ‘“‘ hands’’ 
crowded together in great factories. 

I am, Sir, traly = 


ENNY LANE. 
72, South Mall, Cork, January 5, 1880. 


THE TAY BRIDGE DISASTER. 
To Tae Epitror oF ENGINEERING. — 

Srtr,—For the primary cause of this disaster it appears 
to me we must look for something beyond the force of the 
wind or the train getting off the road. 

1. If the storm was not strong enough to blow the train 
off that part of the bridge whilst running on the top of the 
girders, it would not do so when it was sheltered to some 
extent in running between the high lattice girders; and if 
the wind was not powerful enough to blow the lattice 
girders over with no load on the flooring it would not do 
so with the additional weight of the train. 

2. Presuming the train was going say at 20 miles an 
hour, and through a fault or an | in the permanent 
way or rolling stock got off the road on to the timber 

lanked flooring, it would be brought to a compara- 

ive standstill before it would have gone sufficiently far 
in a lateral direction as to strike the girders with such 
force as to cause their collapse. Consequently something 
must have failed or given way prior to the train getting on 
to these large spans, and taking into consideration the 
severe frosts they had prior to the 27th ult., and the very 
sharp and sudden thaw on the day of the storm, I am in- 
clined to think it is another case of the cast-iron work fail- 
ing under the sudden change of temperature, or through 
the expansion in thawing of some ice formed either in the 
trough of the girders, the seatings on the colamns, or the 
interior of some column. The bri being then thus 
weakened gave way when loaded with, the weight of the 
train in addition to the lateral pressure of the wind. 

Yours truly, 
Groree BLYTON. 
Albert-road, Dalston, E., January 6, 1880. 


To THe Eprror or ENGINEERING. 
S1r,—In reading the description of the accident to the 











Tay Bridge in ENarnmzeRINe of the 2nd inst., I find 
(after explaining that the piers which gave way were 
together, and 


ye par of six cast-iron columns bri 
filled with Portland cement concrete) the following remark 
occurs: 

**The concrete with which the columns were filled is 
reported from specimens picked up on Tuesday to have 
been comparatively soft, a slight pressure of the fingers 
being sufficient to crumble it.”’ 

This is a question that cannot have too much considera- 
tion, as if, as it seems by this, an inferior quality of cement 
has been used in the construction, the whole substructure 
of the bridge must be literally rotven tothe core, as all the 
caissons, which form the foundations under water for the 
piers, are filled with cement conercte, which will pre- 
sumably be in the same condition as that referred to if 
si nilar materials have been used. 

Concrete com of good cement would, in the time 
that has ela; since the erection of the bridge, be almost 
as hard as the iron itself, and is undoubtedly the best 
egtenial os can be ep for way hege ous if made of 
inferior quality it wou worse than useless as leading 
to a ane strength and solidity in such caissons or 
pillars which it really does not possess. 

If the superstructure of the bridge is rebuilt ‘so strong 
that the wind cannot affect it, the ynestion will arise 
whether the foundations will resist the strain that will 
then be thrown on them, if they are filled with a substance 
which “a slight pressure of the will crumble.”’ 

The commissioners would do to look carefully into 
this question in the course of their inquiry. 


London, January 5, 1880. x. 
To Tue Eprror or ENGINEERING. 

Srr,—In your notice of the Tay Bri disaster you 
state that the plan of Seatiog out the foundation blocks of 
some hundreds of tons weight for the » was first 
suggested by some of the constructive staff, You may see 


the enclosed paper that 14 years it was proposed 
wy me on & scale for a Channel bridge, and time only 
the more convinces me this is the only practicable plan for 
effecting the crossing. This in print in the 
Mechanics’ Magazine for July, 1867, and was also favour- 
ably noticed ; otherwise, I do not think the plan of the Tay 
Bridge shows any originality and but little study. The 
pocueany lateral stiffness could so easily and inexpensively 
been by making the floor in its horizontal section a 
lattice or plate gi ane several feet out each side, 
to t rigidity against wind , even 
with the narrow section required by a single line, This 
lateral projection might be utilised as a footway. : 
Will you also allow me this opportunity to say that this 
monolithic plan for foundations, since its public advocacy 
by me, seems coming into general use. It is after all only 


the old sunken ship filled with stone principle, adopted for | terested 


ancient moles in the Mediterranean, but rendered practi- 
able in its present form the invention of Portland 
cement. I have noticed se persons 5 TY of 
lateabout their adoption of this, my plan. id it before 
the late Emperor Napoleon III., in 1866, who was pleased to 
approve of it. 
I remain, Sir, your most obedient servant, 
Epmunp R. Jonzs, 
Architect and Civil Engineer. 

P.S.—When a competitor for the Jersey Breakwater in 
1876, I proposed a similar plan, also the method of a water 
grating of pipes to wash the blocks into a solid bed, 
adopted at Tay Bridge; this also appeared in print. The 
bridge should have been built on a curve. 

2, Leigham Villas, the Hoe, Plymouth, January 6, 1880. 





WIND PRESSURES. 
To THE Ep1ITorR oF ENGINEERING. 

Srr,—Will you allow me to s st that a self-register- 
ing anemometer should be immediately e: on one of 
the piers of the Tay Bridge, so that some positive informa- 
tion should be obtained, if possible, iu time to base the 
calculations on for the new girders to repair the bridge. 
| I do not know whether an anemometer was fixed close to 
the site of the bridge before it was erected. You are of 
course aware that the anemometer at Liverpool was 
carried away altogether many years after having 
registered 30 Ib. per square foot. _ culation of the 
upsetting of a train by the wind is most deeply interesting 
generally, and points to many more anemometers being 
fixed in very exposed situations. The Menai Straits is a 
peculiar spot, and it would be very interesting to have an 
anemometer, self-registering of course, fixed in the middle 
of the Britannia Bridge. 

There would be no difficulty in communicating electri- 
cally to one end, for a man could not walk along the top 
to get at the anemometer in many a gale. 

Yours truly, 
Crv1L ENGINEER. 

P.S.—Readings of anemometers at lighthouses would be 
very instructive. 

January 5, 1880. 








RAILWAY TYRE FASTENERS. 
To THE EDITOR oF ENGINEERING. 

Si1r,—It may interest some of your readers to know that 
the Union of German Railway Companies (Government and 
private) have offered a price of 10,000 marks for the best 
tyre fastener to prevent flying off of broken tyres. 

The severe weather of the past month has had the most 
untoward influence on the railway.tyres in Germany ; on the 
Alsace-Lorraine lines alone 130 tyres gave way, and of 
course in a number of cases occasioned accidents. 

This may be the place to draw the attention of inventors to 
the great change that has come over German patent laws, 
and to the great importance not to neglect the taking of Ger- 
man patents, which, besides being cheap, are freely granted 
now, and being subject to yearly payments only, can be 
dropped at any time. 

It is my impression that the bulk of English inventors is 
as yet not sufficiently aware of this great change, and that 
many do not consider that a German patent covers about 
double the ground and the population of an English patent. 

Yours truly, 
Haney Simon. 

Manchester, January 7, 1870. 





ATLANTIC STEAMERS. 

To THE EprTor OF ENGINEERING. 
Str,—In ENGINEERING of the 2nd inst., mention is 
made of a rapid run by an Allan liner s.s. Sardinian ; the 
run in question from Halifax to Moville in 7 days 8 hours 
is stated to be the fastest on record. Now this statement 
may give a very wrong impression. Taking the distance, 
2300 miles gives only an average 13 miles per hour, a per- 
formance excelled by most of the modern Atlantic steamers 
on nearly every voyage. moet Ties 
The fact that steamers going in the opposite direction to 
the Sardinian were serio delayed owing to head winds, 
shows that the Allan liner had very favourable weather ; 
7 days 8 hours may be the shortest run between the ports 
named, but itis so because no modern full-powered Atlantic 
steamers sail between Moville and Halifax. More than 
ten years since the City of Brussels, Inman liner, accom- 
plished the distance, Queenstown to Halifax, in a little 
over six days. 


: Yours truly, 
Edinburgh, January 6, 1880. R. C. D 
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PATENT LAW REFORM. 

To THE EpITorR OF ENGINEERING. 
Str,—Assuming as I do that further attempts will be 
made shortly to improve our patent laws, I venture, as an 
old patentee, to suggest that where the application for a 
patent is not proceeded with, the provisional specification 
should never be made public. Practically speaking, —-, 
comparatively few provisional specifications are so full and 
clear as, in point of strict law, to stand in the way of a sub- 
sequent patent independently applied for. But there are 
many cases in which the = who files a provisional 
specification is prevented from pong on within the pre- 
scribed time, and any published provisional specification, 
though of little or no advantage in the sense of imparting 
clear and useful information to the outside public, is, never- 
theless, a something that may thereafter be » by in- 
persons, to depreciate the value of a subsequent 
patent, after the patentee has incurred all the labour and 

expense of bringing his invention into the market. 

I am, Sir, yours, &., 


Urnian Scorr. 
100, Great Portland-street, W. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

Quarterly Meeting of the Iron Market.—Yesterday the 
quarterly meeting of the North of England iron and allied 
trades was held in the Royal Exchange, Middlesbrough, 
and was very largely attended. The usual facilities were 
given for the exhibition of articles of interest to the trade, 
but only two tables were occupied, and those were for ex- 
hibits of sanitary — and bricks by Messrs. Crossley, 
Ingham, and Co., and specimens of nickel plating by the 
Stockton Plating Company. Nickel plating is now ly 
adopted by marine engineers. Messrs. Connal and Co., 
the warrant storekeepers of Middlesbrough and Glasgow, 
it was found had a stock of Cleveland iron amounting to 
105,300 tons, and were receiving from 400 to 500 tons per 
day. Their warrants were in great demand, and were 
quoted at 57s. 6d. to 58s. per ton. In Glasgow their stocks 
now stand at 421,753 tons. At the commencement of the 
market No. 3 Cleveland pig was quoted 55s. 6d. and 56s. per 
ton, but at the close it was sold at 57s. per ton for delivery 
up to March. Many makers are now asking 60s. per 
ton for delivery over next quarter. The most vigorous 
steps are being taken for recommencing more blast fur- 
naces, and in the course of the next few months the make 
of Cleveland pig iron will be very considerably increased. 


The Make and Disposal of Pig Iron.—The Cleveland 
Ironmasters’ Association returns for the month of De- 
cember have just been issued, and they are far more 
eloquent as to the real state of trade than mere newspaper 
comments. From these it appears that out of the 165 blast 
furnaces there are now 96 in operation, and that Messrs. 
Samuelson and Co., of the Newport Iron Works, Middles- 
brough, are building another furnace. 

The Finished Iron Trade.—There is a marked improve- 
ment in the finished iron trade. Plates are now quoted 91. 
per ton, and bars and —— 81. per ton. It is expected 
that more works will shortly be put into operation. 

The Steel Trade.—Again there are more inquiries for 
steel, and the several works are kept steadily going. 

Engineering and Shipbuilding.—Brighter prospects are 
shown in these branches. The demand is improving, and 
prices are advancing. 

The Coal and Coke Trades.—All kinds of fuel are in 
good request, and the quotations are stiffer. Mill coal is 
now 8s. 3d. to 8s. 6d. per ton delivered, and 7s. 1s asked for 
puddling coal. Steam coal is 8s. per ton f.o.b., and coke is 
selling at 14s. and 14s. 6d. per ton. 


Mr. McDonald, M.P., and Middlesbrough Iron.— 
Mr. McDonald, M.P., is reported to have said with regard 
to the Tay Bridge accident, that Middlesbrough iron had 
been used in its construction, and that Middlesbrough iron 
would not bear the strains of Scotch iron. It is not likely 
that Mr. McDonald’s opinion will affect the Cleveland 
iron trade. Shipments of pig iron from Middlesbrough 
to Scotland have been very heavy recently, and are still 
going on. 





Braziu.—If the Philadelphia Centennial Exhibition was 
of less importance to Europe it has exercised a beneficial 
influence on South and Central America, as it has given a 
great impulse to industrial activity in those eountries, and 
especially in Brazil. Brazil now possesses thirty cotton 
mills, turning out twist and weaving ; one of the oldest is 
that of Ferro Velho, at Maceio. A Valenca mill—the 
Todos los Santos—mannufactures 1,000,000 yards of cotton 
annually ; it has 136 looms and.4160 bobbins, and it em- 
ploys 200 workmen. 





Sr. VINcENT’s GuLF.—A proposal to construct an outer 
harbour in St. Vincent’s Gulf for ocean steamers has been 
much discussed in South Australia. A meeting, at which 
there was a very limited attendance, was held in the town 
hall, Adelaide, on October 10, when resolutions declaring 
wer C) iY sg = ae the a — sites beg! = outer 

ar,’’and protesting agai e adoption of the 

Bay scheme until a thorough investi ie had Kemem 
of the Marino site, were carried. eanwhile the Outer 
Harbour Board has made a supplementary report, stating 
that a breakwater without the proposed jetty could be con- 
structed at Largs Bay for about 171,000/. motion intro- 
duced into the Assembly by the Attorney-General on 
October 21, affirming that it was expedient to authorise a 
loan of 250,0001. purpose of carrying out the scheme 
proposed in 1878, was negatived. 
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BREWING FOUNTAIN. 

On page 34 we publish a device introduced with 
great success by Messrs. Pontifex and Wood, of the 
Farringdon Works, Shoe-lane, London. Its special 
object is to promote an active circulation in boiling worts, 
and in preventing them from boiling over, even when the 
copper in which the fountain is placed is nearly full. 
It consists of a copper cone perforated with holes at 
intervals around the bottom edge’ From the upper part 
of this cone a tube rises in which slides a second 
tube, so that the height of the apparatus may be 
regulated for different depths of wort. A cone de- 
flector is attached to the top of the tube by means of 
copper stripsas shown. The operation of this extremely 
ingenious arrangement is very simple. It is placed on 
the bottom of the copper over the hottest part of the 
fire, which causes a continuous and rapid upward cur- 
rent through the tube, so that the worts are projected 
against the deflector and thrown back into the copper. 
By this arrangement, an active circulation is main- 
tained, the hops are drawn down from the surface to the 
bottom of the copper, and the latter may be worked 
nearly full without any risk of boiling over. This ap- 
paratus is, we believe, very largely in use, and appears 
+o afford great satisfaction. 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—New Year’s Day was a 
holiday in the pig-iron market. At the opening next day 
the warrant market was strong, and prices improved very 
smartly, at one time being 6d. above the highest quotation 
during the recent panic, but the close was 68s., the price 
touched on the 6th of October, and 1s. 14d. over Wednes- 
day’s closing price. Business started in the morning at 
67s., and the price went up to 68s. 6d. cash, and from 
67s. 44d. to 68s. 10}d. one month, the close being less firm 
—68s. cash and 68s. 6d. one month for sellers, and 3d. per 
ton less for buyers. There was no market in the after- 
noon. The warrant market was very strong on Monday, 
and although not closing at the best point reached during 
the day, showed at the close an advance of 1s. 3d. over last 
week’s final quotation. Business was done during the 
forenoon at 69s. cash to 69s. 74d. eight days, and 70s. one 
month, sellers at the close asking 69s. 6d. cash and 70s. 
one month, and buyers 3d. per ton under. The prices in 
the afternoon were from 6s. 9d. to 69s. 3d. cash, and from 
70s. 3d. to 69s. 9d. one month, the close being sellers at 
69s. 3d. cash and 69s. 9d. one month, and buyers offerin 
14d. per ton less. Yesterday’s market opened strong, an 
an alma over the previous day’s closing quotations was 
soon obtained; but a weakness subsequently set in, and 
besides the day’s gain being lost, the closing quotation was 
lid. under that of the Monday. There were transactions in the 
forenoon at from 69s. 3d. to 69s. 6d. cash, and from 69s. 104d. 
to 70s. 13d. one month, buyers at the close at 69s. 6d. cash 
and 70s. one month, and sellers 14d. over. In the after- 
noon prices were from 69s. 6d. cash, and from 70s. to 
69s. 6d. one month, closing buyers at 69s. cash and 69s. 6d. 
one month, and sellers at 14d. over. The market opened 
flat this morning at 68s. 6d. cash, and after receding to 
68s. 43d. cash and 68s. 10}d. one month, it improved, and 
a large amount of business was done up to 69s. 9d. cash 
and 70s. 3d. one month, the close being easier, sellers at 
69s. 44d. cash, and buyers at 69s. 3d. The afternoon 
market was quiet—sellers 69s. 44d. cash, buyers 14d. per 
ton less. The market has been decidedly strong since last 
report, and an immense business has been done daily, the 
eager desire to buy being unabated. From the United 
States and Canada there has been a fresh wave of buying, 
which has grown in volume, large orders being received 
daily. In addition, Germany has now come forward as a 





buyer. Speculation has gained a great hold on iron, and 
believes strongly in it, and holders with their stock 
only in isolated cases, or in very s quantities. Makers 


have advanced their prices to the extent of from 2s. 6d. to 
3s. 6d. per ton, and are now selling with caution, as their 
stock of special brands is reduced to very small compass. 
Ordinary iron is still being transferred from the makers’ 
yards to Messrs. Connal and Co.’s warrant stores, the in- 
crease forlast week being 4620 tons, and the total stock up 
till Friday night being 421,750 tons. Last week’s ship- 
ments amounted to 6677 tons, as compared with 4655 tons 
in the corresponding week of last year. The total number 
of furnaces in blast is still 100 as against 92 at the same 
time last year. 

A Wealthy Iron Broker.—It has just been announced 
that the inventory of the personal estate of the late Mr. 
Alexander Donaldson, of the firm of James Watson and 
Co., iron merchants, Glasgow, amounts to the sum of 
190,5181. 8s. 6d. That is rather a large sum to be made in 
connexion with pig iron. Mr. Donaldson died when com- 
paratively a young man. 

Another Forth Bridge Contract.—An announcement has 
just come from Sheffield to the effect that Messrs. Jonas 
and Colver, of that town, have arranged with Messrs. 
William Arroll and Co., Glasgow, the contractors for the 
Forth Bridge, to supply the whole of the tool steel, files, 
hammers, and other simi required in connexion 
with the undertaking. It conveys some idea of the magni- 
tude of the work to learn that the order to Messrs. Jonas 
and Colver amounts to considerably above 20,0001. 

Dundee Tramways and Steam Power.—Major-General 
Hutchinson, who recently ane the new tramways in 
Dundee, has informed the Tramway Committee of the 
Police Commission that the Board of Trade at present 


cannot see its way to allow steam power to be used on the 
tramways of that town, in consequence of the narrowness 
of the streets. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Engineering Trades.—Since the Christmas vacation there 
has been a large accession of business in the engineering 
trades. Engineering establishments as a rule are exces- 
sively busy, both on repairs and new machinery for the iron 
mills. It is evident that an improvement in trade is ex- 

cted in the heavier branches, and the result is that a 
aa number of men are being employed full time in the 
engineering establishments. ore work is looked forward 
to. Considerable orders have come to hand from the 
North for enginés, tyres, and best axles for engines, are 
inquired for freely. The hands appear to be principally 
employed on heavy machinery. The Tay Bridge disaster is 
not expected to interfere with the contracts for steel for 
the Forth Bridge. Messrs. Vickers, of Sheffield, hold 
the contracts for the steel chains for the latter, and the 
item is an important one. 


Acaster Patent Rail Joint Company. —The annual 
meeting of the proprietors of this company has just been 
held. The directors insist on the value of the patent, and 
say that a a confirmation of it could hardly be 
adduced than the fact that the joints which were first put 
down in August, 1877, upon the Midland Railway, now 
remain just as they were fixed; in short, they have been 
for more than two years perfect. They show no signs of 
decadence iu any direction. After giving examples of 
success, the directors say, ‘‘ Your board have, by means 
of advertisements and circulars, introduced the joint to 
the railway engineers and directors throughout England, 
and they look forward to its early general adoption, on 
account of the safety, economy, and comfort which it 
insures.” The prospects of the company are considered as 
very hopefal. 


New Miners’ Union in South Yorkshire.—A division of 
a@ very serious character has taken place amongst the 
miners of South Yorkshire. For more than fifteen years 
past there has only been one association of them, and it 
has ramifications into Derbyshire. Now, however, a new 
union has been established, and it is said that 6000 members 
have joined it. The movement is a peculiar one, and may 
lead to important results in the future, as the new society 
is unfettered by a heavy widow and orphan fund. 


The Sliding Scale.—No sooner has the sliding scale been 
adopted in South Yorkshire than there isa hitch. At the 
Birley Vale Colliery, where the men, numbering 600, have 
been on strike for seven or eight months, an agreement, 
based on the ‘“‘ sliding scale,”” has been signed on behalf of 
the men and the masters. The men now say that they are 
‘**sold,”’ and protest, but the matter has been left for 
further argument. 








NOTES FROM THE SOUTH-WEST. 

The Forest of |Dean.—The house coal trade is hardly so 
brisk as it was a few weeks since ; this is attributable to 
the higher quotations prevailing in the Forest as against 
South Wales, the chief competing district. From Lydney 
the year’s export of coal will bear a favourable contrast 
with that of 1878, the excess of tonnage being considerable. 
The aggregate output of the Forest for 1879 will not be 
known for some weeks, and it is feared that as a result of 
the several months of depression during the summer the 
tonnage will be less than might reasonably be expected. 
Merchants are rather strong in their denunciation of the 
December advance, and they will be likely to agitate for 
the restoration of November prices unless the elements 
should favour colliery proprietors. Stocks of pig iron 
continue low with an upward tendency in prices. The 
tin-plate manufacturers are in full operation, and the hard- 
ware branches generally maintain the recent improvement 
in trade. On Monday the Lydney-on-Severn new forge re- 
started after repairs. 


The Pentyrch Works.—On Tuesday the blast furnace at 
Pentyrch Works, which was blown out last September, was 
re-lit and the blast puton. The event is regarded with great 
satisfaction in the district. The Pentyrch forge is now in 
full operation, and the iron which is being manufactured is 
saidto be superior to any made there in previous years. 


Weymouth.—It is proposed to erect a new pier at Wey- 
mouth. A company SS been formed with a view of carry- 
ing out the scheme, but the intended application to the 
Board of Trade is to be strongly opposed by the corporation 
of the borough. The chief objection is that the proposed 
pier will interfere very materially with the bathing, for 
— since the time of George III., Weymouth has been 
noted. 


Railways in the Forest of Dean.—An announcement was 
recently made to the effect that the Great Western Rail- 
way Company intended to ca out their scheme of ex- 
tending the proposed line from Monmouth to Coleford, for 
which powers are held. It will be remembered that this 
was the original scheme of the promoters of the long-pro- 
jected Coleford, Monmouth, Usk, and Pontypool Railway. 
On Saturday a small staff of employés entered upon and 
took possession of the land on which the site of the station 
is intended to be built, near the Severn and Wye terminus 
at Coleford. 


The Severn Tunnel.—The Great Western Railway Com- 

y have entered into a contract with Mr. Walker (well- 
owe in connexion with the constraction of the Swansea 
Docks and other works in South Wales) for the completion 
of the Severn Tunnel. Mr. Walker has taken possession 
of the tunnel workings, and he has brought to Portskewett 
a staff of agents and officials. The divers n their 
operations on the last day of the old year. There can be 
but one wish as regards the success of Mr. Walker’s efforts 
to get rid of the enormous quantity of water which now 





fills the borings. 





The Avonside Engine Company.—An i 
general meeting of the Avonside Engs Company (Limited) 
was held on Tuesday, at the offices of the company, Bristol, 
to receive a report from the liquidators, and to determine 
upon the remuneration to be allowed to them in settling 
the final accounts of the liquidation under the scheme 
recently approved by the court to appoint a new board of 
directors pursuant to the said scheme ; and to consider the 
expediency at the same time of revising the articles of 
association ofthe company. The chair was taken by Mr. 
J.L. Stothart. The chairman narrated the steps taken 
by the liquidators, and also those for the reconstruction of 
the yu 4 The call realised 14,0001., a much yt 
sum than the directors anticipated. It was resolved that 
the liquidators (Messrs. Stothart, Gruning, and Bevan) be 
allowed 5001. for their services. The po tar for the re- 
construction of the company was approved, and the new 
articles of association to. essrs. W. Bevan, H. 
Gruning, Christopher J. Thomas, and Joseph Tinn 
were elected directors until 1882. It was resolved that 
the directors should number not more than seven, or less 
than three, and that they should receive 1000/. a year re- 
muneration. In the course of the proceedings the chair- 
man said trade had decidedly revived, and there was no 
reason why the new company should not prosper if it con- 
tinued. Mr. W. Bevan said there was great activity in the 
trade in which they were interested—the locomotive trade— 
one there was a good chance of their starting with a large 
order. 


The South Wales Coal Trade.—A meeting of the Mon- 
mouthshire and South Wales Collieries’ Association was 
held at Cardiff on Saturday, Mr. W. Thomes Lewis in the 
chair. Four delegates appointed to represent the house coal 
colliers, attended for the purpose of placing'before the masters 
a sliding scale arrangement which they were ready to accept, 
but the colliers desired to have two boards and two sliding 
scales, one for the house coal and one for the steam coal 
colliers, although it had been arranged that there should 
be one board and two sliding scales. ‘The steam coal dele- 
gates were not in attendance, and the masters declined to 
entertain any proposition without the representatives on 
the other side being present. The meeting was, therefore, 
ary until the steam coal delegates are appointed on 

e > 


Rhondda Coke.—As a proof that trade is exceeding the 
expectations of the best authorities in the district, we may 
instance the fact that on Monday a buyer offered 17s. for 
10,000 tons of coke, Rhondda No. 3. A month since a 
maker of coke expressed his belief that during the whole of 
1880, coke, even of the best brands, would not exceed 15s. 6d. 
per ton. 

New Breakwater.—A new breakwater for the protection 
of the Cattewater and Sutton Harbour, which is being 
made from Batten Point by the Cattewater Harbour Com- 
missioners, is progressing satisfactorily. Of the 915ft., 
which is to be the full extent of the breakwater, 715 ft. 
have now been completed ; while 70 ft. further of the 
basement and the foundations have been laid for a length 
of 770 ft. The foundations are now made for about 20 ft. 
under low-water mark, divers first laying down bags of 
concrete. When a level surface has thus been made, large 
concrete blocks, varying in weight from 9 to 14 tons, are 
placed upon them. ‘These blocks form the retaining walls, 
and rise 3 ft. or 4ft. above high water. The space between 
is filled with broken rock from Mount Batten, and the whole 
is surmounted by a parapet. The estimated total cost of the 
work. which has now n in progress a year and nine 
months, is 25,0007. 

Devonport and Stonehouse.—Plymouth having con- 
sistently declined to join them, the Corporation of Devon- 
port and Stonehouse Local Board have undertaken a 
comprehensive sanitary project known as the Stonehouse 
Lake drainage scheme. Availing themselves of natural 
lines of water, the two corporations; under the advice of 
Sir Joseph Bazalgette, have decided to carry the sewerage of 
the districts sloping towards the creek out to sea in the two 
intercepting sewers, durably constructed, and extending on 
the one side from the Devonport Railway Station to an 
outfall near Eastern King Point, and on the other bank 
running along Richmond Walk to an outfull opposite the 
Victualling Yard. Partly built up of concrete along the 
muddy foreshore, and partly tunnelled in the solid rock, 
the sewers will be expensive works. A contract entered 
into by Mr. H. Stevens, of Ashburton, is for 12,8561., and, 
barring accidents, that amount will probably cover the cost. 
Tke district to be drained comprises the extensive area 
covered by the Naval and Military Hospitals, Fallowes- 

lace, and the surrounding neighbourhood in Stoke, anda 
large number of houses in Stonehouse, as well as the Rich- 
mond Walk district. 





PuLLMAN Cars.—Some new Pullman palace cars are 
very luxurious, costing 15,000 dols. each. Ordinary pas- 
r cars cost 4000 dols. ; drawing-room cars, 8000 dols. ; 
and baggage cars, 2000 dols.; box cars, 400 dols, 


Nrcouarerr Dock.— The practical value of the depositing 
dock system appears to be so much appreciated by the Russian 
Government that they have just contracted with Messrs. 
Clark, Standfield, and Co.—its inventors—for the construc- 
tion of four more pontoons at their Millwall Iron Works. 
This dock has several times docked the two Popoffkas, the 
Novgorod, and the Vice-Admiral Popoff, but by the 
addition of these four pontoons it will be enabled to lift 
ironclads or other ctortl = of 6/00 tons dead weight ; it is 
the only dock in the world capable of docking the new 
imperi be ay now being built on the Clyde by Messrs. 
Blder and Co., which has a beam of no less than 150 ft. 
Last January we gave an illustration of this dock with the 








Novgorod upon it. 
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THE TAY BRIDGE. 

Tue court of inquiry appointed by the Board of 
Trade to examine into the causes of the failure of 
the large opens of the Tay Bridge commenced its 
sittings at Dundee on Saturday last. On that day 
the members of the court, namely, Mr. Rothery, 
Wreck Commissioner, Volonel Yolland, and Mr. 
Barlow, the President of the Institution of Civil 
Engineers, first proceeded to examine the ruins of 
the bridge from the deck of a tug steamer, and then 
traversed the southern standing portion, after which 
they returned to Dundee, and took the evidence of a 
number of railway officials as to the occurrences on 
the night of the disaster. On Monday and Tuesday 
of the present week, the court again sat, receiving 
the evidence of eye-witnesses of the failure of the 
bridge, and that of the divers who have been employed 
to explore the bed of the river, and ascertain the 
present state of the fallen structure, and this portion 
of the inquiry having been completed, the court wason 
Tuesday adjourned sine die, it being as yet unsettled 
whether any further evidence shall be taken at 
Dundee or whether the subsequent meetings of the 
court shall be held in London. All that at present 
seems to be certain is that few if any further steps will 
be taken until some portion of the broken girders 
have been raised, or it has been determined that any 
po raise of the structure in such a way 

ow a light on the mode of the failure is im- 
racticable. Under these circumstances it is pro- 
ble that there may be a considerable—although 
perhaps not unnecessary—delay before the inquiry 





is proceeded with, and this being so it ap) to us 
desirable to comment upon some of the of the 
case as far as they are at present known, while there 
is yet time, by a careful examination of the débris, 
to a or disprove the conclusions towards 
which they seem to clearly point. 

And here we may remark that the examination of 
the local witnesses has added little to the informa- 
tion which was available almost immediately after 
the disaster, except that the statements of the divers 
of course afford particulars of the position of the 
first part of the train and of some portions of the 
fallen structure. The evidence of the eye-witnesses 
appears to a, clearly that the train was 
proceeding steadily on its way up to the moment 
when the failure of the bridge occurred, and also 
that the several spans which gave way did not go 
all at once but successively; but beyond this it 
proves little or nothing. From an engineering point 
of view the most interesting evidence yet given 
before the court of inquiry is that of the divers 
taken during the sitting on Tuesday last. The ex- 
plorations of the divers have not yet been sufficiently 
complete to enable a clear picture to be drawn 
of the present condition of the fallen structure, 
but as far as their statements go they appear 
to show pretty clearly that the overturned 

iers have been completely broken up, that the 
fallen girders are lying in a fairly continuous line 
from north to south on the eastern side of the piers 
—what was the east side being now the underside— 
and that the train when the bridge failed was partly 
on the fourth and partly on the fifth span from the 
southern end of the gap, its centre being somewhat 
to the north of the fourth pier. The engine is stated 
to be lying some 50 ft. or so from the fifth pier on 
the south side, while the tender, two third-class car- 
riages, and one first-class are lying between the 
girders following south from theengine. It will be 
remembered that thirteen spans have given way, and 
in the course of the inquiry these spans, with the 
piers which carried them, have always been numbered 
from the south side, and to prevent confusion it will 
be desirable to adhere to this notation, From the 
statements of the divers it appears that there is a gap 
in the top boom of the girders a short distance south- 
east of No. 4 pier, but the information concerning 
the nature of this gap is not at present at all clear. 
Altogether the evidence of the divers, although of 
much interest in many respects, is yet somewhat con- 
tradictory on certain points, and the present condition 
of the girders cannot yet be spoken of with certainty. 
As regards the condition of the remains of the piers, 
no evidence has as yet been laid before the court of 
inquiry, but we have ourselves carefully examined 
them, and we shall have something to say of them 
further on. Acting on a suggestion of the court, 
we may add, the railway company are we under- 
stand taking steps to have the remaining bases of 
the piers photographed, so that a permanent record 
of their condition may be obtained. 

We have referred in the early part of this article 
to certain conclusions towards which the facts so 
far available wo to point, and before describing 
the present condition of the piers, and dealing with 
the lesson which this condition teaches, it is de- 
sirable, for reasons given below, that we should clear 
the ground by pee out briefly certain facts bear- 
ing upon the theoretical stability of the structure. 

. the course of our article on this subject last week 
we quoted from Mr. Edgar Gilkes’ paper on the Ta; 
Bridge, read before the Cleveland Institution of Engi- 
neers in 1876, some remarks to the effect that the wind 
pressure required to overturn the large spans of the 
structure would be not less than 96 lb. per square 
foot, the exposed area of a large pier being taken 
at 800 square feet, and that of one or and of a 
train being also taken at 800 square feet each. In 
making this quotation, we pointed out that the 
train would have a considerably larger exposed area 
than assumed, while it was not safe to consider 
merely the surface exposed by the windward girder, 
but that some allowance should be made for the in- 
sufficiently shielded surface of that to leeward. We 
should not have again referred to this point pending 
the continuation of the official inquiry it not 
been that very wild statements have appeared in 
several papers, some unduly depreciating, and others 
most unaccountably cmos the probable stability 
of the Tay Bridge piers, and under these circum- 
stances, and in view of the great interest which 
attaches to this question, it — to us advisable 
to place plainly before our readers a few data which 
may not only enable an approximate estimate to be 
formed of the stability of the piers, but may also 





serve to indicate the relative importance of certain 
information which will, we trust, in due course be 
brought out during the official investigation. 

From the figures given by us last week it will be 
seen that the cluster of iron columns forming the 
highest piers had, including the transverse bearers for 
the pe at the top, a height of about 82 ft. from 
the top of the masonry, and the centre of wind pres- 
sure upon it may be taken as 4] ft. above that level. 
In the case of the girders the centre of wind pressure 
would be about 95 ft., and in that of the train stand- 
ing on the rails, about 93 ft. above the masonry 
level. We may accept Mr. Gilkes’ estimate of the 
surface ex: by the pier and the windward girder, 
while the Capened ace of the lee girder partially 
shielded as it would be by the windward girder and 
the train, may be fairly taken as half that of the wind- 
ward girder, or say 400 square feet. The area exposed 
by a train of a length — to one span (and the train 
which was on the bri when it failed would be 
about this length) would be at least 1600 square 
feet, and we may take it at that amount. Under 
these circumstances the overturning moment exerted 
by a wind —— of 1 lb. per square foot would be : 
800 x 41+ 1200 x 95 +1600 x 93=32,800+114,000+ 
148,800=295,600 foot-pounds, or about 132 foot- 
tons ; that is to say, it would be equal to a force of 
132 tons acting at a leverage of 1 ft, 

Let us next consider the provision made to resist 
this overturning force. e explained last week 
that the piers which failed consisted each of a group 
of six cast-iron columns, four of these being 165 in., 
and the remaining two 18 in, in diameter, each of 
the columns (both 15 in. and 18 in.) being made, in 
the case of the higher columns, of seven lengths 
10 ft. 10 in. long united by flan In some 
of the piers a less number o length were used, 
The columns were filled with Portland cement 
concrete, and they were braced together by hori- 
zontal and diagonal bracing, the details of which we 
have still tolearn. The 15-in. columns were placed 
in pairs 12 ft. apart at the bottom and 10 ft. at the 
top in the ‘direction of the length of the bridge, 
while transversely they were 9 ft. 10 in. apart 
throughout, The 18-in. columns were placed singly, 
one on each side bearing near the point of the 
hexagonal pier of brick and masonry, their bases 
being 21] ft. 10 in. apart from centre to centre 
transversely to the bridge and their tops 19 ft. 10 in., 
each column raking in 6 ft. 

Now itis evident that there are three principal ways 
in which a pier constructed as we have described 
could fail under lateral pressure, and these are: (1) 
that it should turn over bodily on the base of one 
of the outer columns ; (2) that the outer column on 
the lee side should yield by bending or crushing, 
thus enabling the pier to turn over on the bases of 
the adjoining = of columns; and (3) that the 
bracing should fail, thus enabling the pier to turn on 
the bases of all the columns, the Natter coming 
together like the leaves of a parallel ruler, ‘These 
three modes of failure might of course be also par- 
tially combined, or the columns instead of giving 
way at their bases might fail at some point above 
that level. The amount of resistance to overturn- 
ing in the manner first stated ao that 
one of the outer columns was sufficiently strong to 

the load imposed upon it by that mode of 
failure, and that the bracing was sufficently rigid to 
transmit the load to it) would be influenced by the 
manner in which the columns were fixed to the 
masonry of the pier, as unless that fixing could be 
relied upon the stability would depend solely upon 
the weight resting on the piers, Let us first estimate 
the stability under the latter circumstances. Taking 
the weight of the columns and bracing as 90 tons, 
that of a pair of girders at 190 tons, and that of the 
engine and such portion of the train as could be 
carried on the length of one at 120 tons, 
we should have a gross load of 400 tons to be 
lifted before overturning could occur. This load 
would act at an arm equal to half the tra- 
verse base given by the outer columns, or 
ae =10 ft. 11 in., and it would thus have 
what we may call a moment of stability of 400 x 10.92 
= 4368 foot-tons. The overturning moment due to a 
wind pressure of 1 lb. per square foot we have shown 
to be probably about 132 foot-tons, and the wind 
pressure, which would overturn the bridge under 


the conditions assumed, would thus be ‘SES = 33.09 


—or say 33—pounds per square foot only. If the 
state of affairs we have just supposed existed, there- 
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fore, the overthrow of the bridge need occasion no 
surprise. If, on the other hand, the columns were 
well secured to the masonry, the resistance of the 
pier to overturning would be increased, for each 
ton of “ hold” (as we may call it) of the windward 
column would increase the moment of stability by 
21.84 foot-tons, and the hold of the other columns 
proportionately to the distances of their points of 
attachment from the base of the column on which 
overturning of the structure is assumed to occur. A 
contemporary of ours in some singular calculations 
published last week, has assumed that the three 
windward columns could exert a pull equal to 
140 tons, but in making this statement it has appa- 
rently been forgotten that for this pull to be exerted 
it would be necessary for the fastenings of these 
columns to be such that they could directly lift 
some 2500 cubic feet or so of brickwork and ma- 
sonry—a matter for which, at any rate, there was 
no provision made in the present case. As to the 
manner in which the fastening down of the columns 
was really carried out we shall speak hereafter, for 
the present we shall merely consider the effect of 
such a moderate amount of holding power as could 
probably be obtained under the actual conditions. 

Assuming then that each of the columns was so 
bolted down that it could not be lifted without 
carrying with it between 60 and 70 cubic feet, or, 
say, 5 tons of stonewcrk, and still dealing with the 
assumption that it was possible for the whole pier 
to turn over on the base of the leeward column as 
a centre, we have an addition to the righting 
moment above calculated of 5 x 21.84+2x5 x 15.84 
+25 x6=109.2 + 158.4 + 60 = 327.6 foot-tons. 
Adding this to the 4368 foot-tons before obtained, 
we geta total of 4695.6 foot-tons, and dividing this 
by 132 as before, we get 35.6 lb. per square foot as 
the wind pressure which would under these condi- 
tions just balance the stability of the structure. We 
may here remark that although we have deemed it 
desirable to show what the probable stability of the 
structure would be if the outer columns were of such 
strength and the bracing so rigid as to render the 
overturning of the whole structure on the base of 
one of these outer columns a possibility, yet we by no 
means admit that possibility inthe present instance. 
In fact the calculations above given are useful chiefly 
as showing the amount of stability which with the 
weights assumed might be approached but never 
reached in such a structure as that with which we 
arenow dealing, It is important to bear this fact 
in mind, Of course if the weights of a pier and its 
load were greater or less than we have assumed 
them to be, the maximum stability possible would 
be proportionately affected, and any correction due 
to this cause can be readily applied when the facts 
come out before the court of inquiry. 

Next as to the second mode of failure above 
stated, In this case also the nature of the fixing of 
the columns to the masonry materially affects the 


uestion. If this fixing down be Sungate, and 
the stability of the piers be assumed to depend upon 
the insistent weight only, and if the metal of these 


outer columns be taken as 1} in. thick,* giving a sec- 
tional area of 66 square inches, then from the figures 
already given the compressive strain on the column 


will be 86x1009 0.183 ton per square inch for each 


pound of wind pressure per square foot exerted on 
the structure, Thus a wind pressure of 30 lb. per 
square foot would induce a compressive strain in the 
outer column to leeward of 5} tons per square inch, 
if it be assumed that the character of the bracing were 
such as to enable the whole work of maintaining the 
pier upright to be thrown on that column. If on the 
other hand this task be assumed to be distributed 
between the three lee columns, the strain would be 
(taking the sectional area of each 15-in. column at 54 
square inches, and their distance from centre of pier 


132 
as 4.92 ft.): =0.105 ton 
)*  eexloeapsaxaxans 1% 

per square inch for pound of wind pressure 
persquarefoot, With the compression distributed be- 
tween the three leeward columns, however, the right- 
ao of the pier would, in consequence of the 

uction in the effective transverse width of base, 
be much under that required to resist a wind pres- 
sure of 30 Ib. square foot, and the maximum 
strain in the 9 columns possible without any 
bolting down of the windward columns would 
therefore be, as we shall show directly, consider- 











* This to be the average thickness of all the 
columns, h there is some slight variation in the 
dimensions of remains of those which we have mea- 





ably less than the maximum which with suffi- 
ciently rigid bracing it would be ible to throw 
on the single outer column. Whether or not 
such long columns would resist the loads which 
might under the assumed conditions be imposed 
upon them would evidently depend entirely upon 
the manner in which their several component lengths 
were fitted together and upon the efficiency of the 
bracing to resist lateral bending, both points upon 
which evidence has yet to be forthcoming. e 
may remark, however, that the assumption that it 
would be possible for the compressive strains per 
square inch on the lee side columns to be equally 
distributed is an extremely favourable one, and one 
scarcely likely to be realised in practice. 

If the fastening down of the columns to the 
masonry be in the first place assumed to be of 
no value, then it is evident that the maximum 
compressive strain which could be thrown upon 
the lee columns would be equal to the whole weight 
of the pier and its insistent load, or 400 tons, as 
we have taken it. Distributed between the three 
lee columns this would give a strain on the sec- 


tional areas above given of =2.3 tons per 


400 


6654+ 54 


square inch, or of =6 tons per square inch on 


the outer column if! it be assumed to be possible for 
that column to carry the whole load. If, on the 
other hand, the fastening of the columns to the 
masonry of the pier be taken into account the 
compressions on the lee columns will be in no 
way affected until the maximum possible loads 
without fastenings have been reached, but beyond 
this point the compressive loads on the lee columns 
will equal these maximum loads just stated plus the 
tensile strains on the windward columns. It will 
thus be seen that the fastening down of the columns 
to the masonry in no way relieves the compressive 
strain on the lee columns as a whole, although it 
facilitates the distribution of the strain between 
them, and of course augments the resistance of the 
pier to overturning. We have already shown that 
assuming the piers to have failed in the manner 
first stated and the columns not to be bolted down, 
the overturning moment required would be about 
4368 foot-tons (this being the moment given by a 
wind pressure of a little over 33 lb. per square foot) ; 
and to further explain the point with which we are 
now dealing, it will perhaps be worth while to cal- 
culate to what extent the stability would be modi- 
fied if the columns are bolted down and the con- 
pressive strain on the lee side be assumed to be 
equally distributed over the three columns instead 
of being borne by the outer one only. In the 
case we are now considering, the windward and 
leeward groups of columns may be regarded as 
forming the Sevens of a vertical girder, and the 
horizontal distance between the centres of gravity 
of the sectional areas of these booms will, in 
the case of the Tay Bridge piers, be almost exactly 
14.4 ft. For reasons which we shall explain 
hereafter, it would probably be scarcely fair to 
assume that the tensile strain which tach wind- 
ward column could be expected to stand without 
disturbing the stonework would exceed 5 tons, and 
taking it at that amount we have 6 x3x14.4=216 
foot-tons as the moment of stability due to the bolt- 
ing down of the windward columns in the case we 
are now considering. In this case also the superin- 
cumbent weight of 400 tons will act atan arm of 
tera ft., and the moment of stability given by 
it will thus amount to 400 x 7.2 = 2880 foot-tons. Add- 
ing to this the 216 foot-tons above obtained we geta 
total of 3096 foot-tons, which divided by 132 foot- 
tons (the overturning moment due to a wind pres- 
: 3096 
sure of 1 lb. per square foot) gives = 23} Ib. 
per sq ) gi “Tia 3 
per square foot only as the wind pressure which 
would balance the stability of the pier under the 
conditions assumed. In this case the load on the 
up of three leeward columns would equal 
the load on the pier plus the tensional strain on the 
windward columns, or 400 +15=415 tons, and as 
the combined sectional area of the three columns is 
174 square inches the compressive strain would be 


415 _ 9.39 tons per squareinch, I[t will be seen 


174 
from the figures just given how greatly the 
stability of the structure is impaired if it be con- 
sidered that the conditions were such as to cause 
the three leeward columns to share the com’ ive 





strain due to the action of the wind equally 


them instead of the outer column alone taking the 
major share of the work. 

Ve now come to the third modein which the pier 
might have given way, namely, by a failure of the 
bracing between the columns, and although it would 
be idle to attempt, in the absence of trustworthy 
information as to the details of this bracing, to 
form a quantitative estimate of the strength of this 
part of the structure, yet it is advisable to say a few 
words as to the light thrown upon this _ by the 
calculations we have already given. we assume 
that the destruction of the bridge was caused by a 
failure of the piers—and with the evidence now 
available it is difficult to arrive at any other conclu- 
sion—it must then be conceded that these piers 
would fail at their weakest t, and as we have 
shown that the piers could probably be over- 
turned as a whole under the most favourable 
conditions by a wind pressure of about 354 1b. per 
square foot, it follows that if the capsizing of the 
structure took place owing to the failure of the 
bracing, it took place under the influence of a wind 
pressure less than this. How much less, it is of 
course impossible to say in the absence of precise 

ticulars of the bracing and of the mode of erection. 
To the information which these particulars will afford 
we look forward with great interest—an interest 
which will be shared by a large number of our readers 
—for, as will be seen from the notes which we give 
below, the remains of the fallen piers afford strong 
reasons for supposing that it was through a failure of 
the bracing that the overturning of the piers occurred. 
We have now arrived at the point at which it is de- 
sirable to give an account, as far as we can, of the 
remains of the broken structure. 

From the evidence given before the court of in- 
quiry on Monday last by Mr. Roberts, the locomo- 
tive superintendent at Dundee,—who, it will be 
remembered, explored the northern portion of the 
bridge on the night of the accident,—it appears that 
the eud of the northern portion of the structure 
now standing remains in practically the same con- 
dition it was immediately after the failure of 
the large spans occurred. Let us describe what 
that condition is, dealing first with the aspect of the 
structure from above on the north side. Standing 
at the southern end of the northern portion of 
the bridge, and looking down, the columns of 
the terminal pier are seen to be all standing, with 
the tie-rods all right except on the southern face, 
where they are adrift, owing to the lugs of 
the columns on that face being mostly broken off. 
None of the tie-rods are broken, but only the 
cast-iron crosses and the lugs. There seems to 
have been absolutely no connexion between the 
portion of the bridge which has been carried away 
and the standing portion except the rails and the 
gas-pipe handrail, The 9-in. by 3-in. flooring 
planks butted at the edge of the crossbeam at this 
point. 

The ends of the girders of the large span lay on a 
kind of shelf on the ends of the shore span girders,* 
and apparently without any bolting. The girders 
of the large s seem to have slipped off side- 
ways at this point, and when the inner edge of the 
eastern girder reached the point marked A in the 
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annexed sketch, Fig. 1, the piece of the shelf broke 
downwards, but not off, showing apparently that the 

irder had a large horizontal component in the 

irection of its motion, and that its motion sideways 
was probably rapid. The western girder, on the other 
hand, seems to Ton struck at the point marked B 
on the sketch, and to have dropped down, clearing 
away in its fall a light crossbeam between B and C, 
which light crossbeam is now lying immediately 
underneath at the base of the pier. e end of the 
girder in falling broke away the tie-rod fastenings 
crosses, and lugs, as has been already mentioned, 


* It will be remembered that ir the large spans the floor 








was on the level of the bottom booms, while in the shore 
spans it was on the tops of the girders. 
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The guard rails at the north end project about 9 ft. 
beyond the standing portion of the structure, and 
the projecting portions are considerably curved 
towards the east. The other rails are carried away 
from a point a short distance within the end of the 
standing portion of the bridge. We shall have more 
to say about this northern end of the bridge here- 
after when speaking of the bracing. 

In the case of the end of the portion of the bridge 
left standing on the southern side of the river, the 
guard rails are seen, on looking up, to be bent over 
obliquely to the east. The two ordinary rails each 
project nearly straight for about 3 ft., but the piece on 
the western side carries fishplates, and these are 
bent to the eastward nearly to the same rake as the 
guard rails. The top shelf pieces are not damaged 
apparently, but the light cross-beam in front is 
lying below as in the case of the pier at the northern 
side. 

An examination of the wreck at the bridge at this 
point indicates strongly the probable order of the steps 
in the failure of the structure. The now standing pier 
columns atthe south end of the gapare butlittleinjured, 
Remembering that the six columns form a hexagon, 
with the north and south sides longer than the others, 
and that the adjacent columns are braced together 
with horizontal bars and diagonals, and that there 
are also cross sets of bars, making altogether 
eight planes of bracing, we may, by noting which of 
the parts of the bracing have given way in the 
various standing columns, see clearly how the bridge 
has failed. In the south end standing pier each column 
consists of six lengths, The face lying east and west 
on the north side of the pier—that is facing the gap— 
shows the three upper pairs of diagonals adrift, and 
the first and second double horizontal ties also 
detached, all of these by the fracture of the cast-iron 
snugs. ‘The fourth diagonal from top east corner 
is also detached, as are also all the horizontal round 
diagonal ties ; the cast-iron corner brackets to which 
these latter have been fastened have in almost every 
case been pulled away, breaking their flanges. The 
rest of this pier structure is apparently uninjured. 
This is the last standing pier over which the train 
passed. 

Returning now to the standing pier at the north 
end of the gap, we find a much greater damage, the 
effect of the straining, and a fairly clear proof that 
the diagonal bracing had given away, at all events 
partially, some time before the last wrench occurred 
which brought down the bridge. In our description 
the sloping diagonals will be denoted as ties or struts, 
according as they would bein tension or in compres- 
sion when the top of the structure was moved to the 
east, thatis, as the bridgefell, The diagonals were, 
of course, valueless as struts, and the name is only 
here given to them to facilitate the explanation 
of affairs. Looking north at the south face of 
this pier, which has five tiers of columns, we see 
that all the bracing and the horizontal bars are away 
on this face, except the lowest tier of horizontal bars, 
There are four of the strut diagonals hanging, the 
tension ones and their cast-iron snugs are all away. 

On the north face all the struts are intact, and 
also all the horizontal compression bars ; but all ex- 
cept the lowest one of the tension diagonals are 
detached by fracture of the cast-iron snugs to 
which their lower ends were attached. The hori- 
zontal bars, and some of the diagonals in the south 
face, have been carried away by falling débris. Still, 
at the same pier, on the south-east face, the top tier 
has both diagonals, those of the next two tiers are 
hanging, the next compression bar and both diagonals 
are gone, and the lowest tie is hanging, so that only 
one of the tension diagonals is here, The north- 
west, and south-west, and north-east faces have all 
their diagonals and bars intact, except the second 
tie from the top on the north-east face. The dia- 
gonals are of flat iron -_ 44in. by }in., with 
cottered fishplates on their lower ends, and attached 
to the cast-iron columns close to the flanges by one 
1} in, bolt in a hole 1jin. in diameter. If the bolts 
had fitted the holes, then any slackness of these ties 
would have been seen as bending of the struts, but 
they may have been slack, or not all tight, and 
nothing would be shown wrong. The horizontal 
double bars are of pairs of channel irons 64 in, by 
24 in. by $in., places back to back 2} in. apart. 
There are also horizontal round bars placed dia- 


gonally between the four 15 in. columns; the cast- 
iron attachment of these seems to have been an 
afterthought, it is at least not a very well planned 
attachment, 

The evidence of the working of the columns 
The east column is 


is abundant on this pier, 








cracked from north round by east to west by north, 
and the bolts of broken part on north-east column, 
at base are broken from north by west to east. The 
south bolt of this flange has shorn across at the 
joint of the flanges at the base. The north-west 
column is broken from west round by north to east. 
These breaks are all at the lower flange, ‘The 
west by south bolt here has broken by tension at 
}in. from top of column flange, the bolt is 1} in., 
and there are, as we shall explain hereafter, eight 
of these bolts in each flange. The west point 
column has not cracked at the joint, ‘but the two 
stones to which the base is bolted have been 
moving, and the cake of cement about 1 in. thick is 
broken, showing the lower end of bolt holes through 
the cast-iron bases and continued through the two 
top courses of coping stone—the only bolts in the 
stone foundation, The south-west column is intact, 
except where the snugs for diagonals are broken 
off. The south.ecolumn is broken across at the 
bottom from north-east, round by east to west, and 
the whole column has shifted 3 in. towards the east. 
The second tier of columns has at the top a provision 
for some other kind of fastening. On column 
the snug for the braces is continued down as a rib 
about 3ft., and there are eight additional holes in 
it, but it seems none of these have been used, 

Looking up now at the top of these columns, we 
observe that the three on the east have practically 
no connexion with the three on the west, and even 
each of the sets of three is not at the top concen- 
trated to one position. The caps are of rivetted 
structure in the form of a capital A laid on its flat 
on the three columns; the bar of the A projects a 
little over, and forms the shelf for the girder end. 
As there is a distance of about 5 ft, transversely 
between the centres of the tops of the columns, a 
slight inclination of this cap will permit the slopin 
outer column to move out to be vertical. It is sai 
to be 1 ft, inclined now, but taking the height at 
only 60 ft., a rise of but one-tenth of an inch is all the 
sloping column requires in moving the vertical posi- 
tion, and as the other columns would be going 
down hill at the same time that the sloping column 
was rising, there would be only the stiffness of 
the columns to prevent lateral displacement, and 
gravity would be neutral. 

From the appearance of the wreck one can cer- 
tainly gather no confidence in the combined action 
of the diagonal ties. ‘They may have gone, first that 
one which happened to be tightest, and the others to 
follow. The bridge has been expected to practically 
sit still by gravity, but the diagonal ties seem to 
us to have been very poor assistance to stability in 
this case, and an inspection of the pieces leaves the 
impression that when the train came on the high 
girders many of the ties may have been already 
detached, and perhaps some of the columns cracked 
at No. 5 pier, where the girders were not connected, 
and where the swaying of the girders by the wind 
would be greatest, The condition of this pier and 
likewise of No. 9, where the girders were also not 
attached, we shall describe further on. 

We now come to the condition of the piers 
which carried the fallen spans, and in describing 
these we shall commence from the south side, and give 
the piers the numbers by which, as we have already 
mentioned, they have hitherto been indicated in the 
evidence given before the court of inquiry, the pier at 
the northern end of the most southerly fallen s 
heing salad the first pier and so on. It will be re- 
mem that these piers are of brickwork up to 
about high pen level, wy that shove = is a stone 
capping of four courses of masonry of the aggregate 
thikeess of about 5 ft. This no ae sumed soe 
will describe the present condition of the piers in 
regular order. 

On pier No. 1 two lengths of the columns are 
standing with their tie-rods and foundation plates, 
the columns being almost intact. In the case of the 
eastern and south-eastern columns the tops and a 
few inches of the columns themselves are broken 
off. Onthe north and the south faces all the tie 
diagonals are detached, the east column is broken 
at foot on south-west face, one tie diagonal stands, 
all the other diagonals there are detached. On the 
other three faces, those towards the north, all the 
diagonals are intact, except one tie. And here we 
may explain that each column springs from a founda- 
tion plate bolted to the masonry and to which the 
column is itself bolted by eight bolts, these bolts 
being for the 15 in. columns, 1}in. in diameter. In 
the case of the 18 in, outer columns the founda- 
tion plates are 4 ft. square while for the 165 in. 
columns they are 3 ft, 10 in. in diameter by 1? in, 


thick, Each foundation 
base about 224 in, high, 


carries a socket or 
socket being stiffened 


by eight radial ribs as shown in the annexed sketch, 
Fig. 2, which represents a foundation plate for a 


15 in, column. Four of the radial ribs first mentioned - 
are bossed to allow of the passage thro them of 
‘the 1} in. bolts securing the foundation plates to the 
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masonry, while in the case of two others. provision 
is made for the attachment of the —e The 
columns average, as we have already stated, 1} in. 
in thickness, and their flanges are of about the 
same thickness, those of the 15 in. columns being 
23 in., and those of the 18 in, columns 27 in. in 
diameter. The lengths of the columns have also 
male and female ends. With these preliminary re- 
marks we may now continue our notes on the state 
of the remains of the fallen piers. 

On pier No. 2 the six foundation plates are all 
right with some portions of the columns on the 
eastern side, but all above is gone. Portions of 
three of the columns are lying on the pier. 

On pier No. 3 the foundation plates are in place 
and one length of columns stands, but the tops of 
these portions of the columns are gone, The stone 
work is all good. 

On pier No. 4 the foundation plates are also all 
right with portions of the six columns attached, and 
hanging over on the west side. This would appear 
to indicate that this pier failed at some height above 
the masonry, the lower lengths of the columns 
being pushed over in the opposite direction to that 
in which the chief mass fell. 

In the case of the piers so far mentioned, no stone- 
work is out of place, but at about one-fourth of the 
adjacent span south of the fifth pier the engine is 
lying, and on this pier No. 5 the stonework has been 
displaced. It will be remembered that the thirteen 
spans which fell consisted of three continuous 
groups, the most southerly group consisting of five 
spans, and the two more northerly groups of four 


P82! spans each. The junctions of the groups thus 





Fria. 3, 
occurred on piers No, 5 and No, 9, and it is perhaps 
not without significance that in the case of these 
two piers the stonework is exceptionally injured. 
Looking upwards from a boat on the western 


side the stones at the point of No. 5 pier have 





the sketch, Fig. 3, an- 


the appearance shown 
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nexed, The three bolts visible seem to be only 
through the two upper courses of stone and to have 
had no connexion with the lower courses, Mount- 
ing on the masonry it is seen that all the first tier of 
coknins is lying inclined, the stone at the west 
corner being lifted and still attached to the column 
base, but the column itself being broken off. Only 
the two stones at the west corner are displaced 
here, the others not being disturbed, and the foun- 
dation plates being fast to the stones. 

On pier No, 6 the foundation y more are all good, 
but the columns have broken — the flanges 
or bolts. It may be remarked here that the cement 
concrete with which the columns were filled appears 
to be as hard as stone. We mention this because 
reports to the contrary have been circulated. 

On pier No. 7 the foundation — are all good, 
but some of the columns have broken off through 
the flange, as shown in the sketch, Fig. 4, annexed. 


| 





Fra. 4. 
Five columns are lying about the pier. 


In the case 
of pier No, 8, the stonework is all sound, and the 
foundation plates are intact. The first tier of 
columns are hanging about the pier. 

On pier No. 9 the stonework has gone in the same 
manner as on No, 5, but worse. at is, the angle 
stones on the western side have lifted from their 
beds, but they are still on the pier. The stonework 
on the southern side of the pier is also shaken, the 
brickwork, however, being intact. The columns 
have in this case evidently lifted the stones. The 
first length of the western and south-west columns 
are lying canted over with their bases and two upper 
courses (the third and fourth) of stones attached, 
the stones lying on edge and showing the bottom of 
the third course. The dowel bolts tying the upper 
courses of stone together do not come through. In 
the case of the south-west column, the fourth course 
stone and half of the third course is split through a 
dowel bolt hole, showing the thickened lower end of 
the bolt about lin. short of being through the 
third course stone. This case seems to fairly repre- 
sent the fastenings of the stones throughout, the 


dowel bolts only passing through the two upper | fixed 


courses, and their being no connexion— beyond that 
given by the cement—between these upper courses 
and the first and second courses below them. It is 
this mode of fixing which has led us to place such a 
low limit in our calculations on the amount of 
tensile strain which the windward columns might be 
expected to withstand, The bolts by which the 
foundation plates are secured—and which are not 
the dowel bolts—appear to enter the top course of 
stones only; but on this point we cannot speak 
positively. The bolts by which the foundation 
plates are fixed, however, have in no case failed, 
all the bases on all the piers, so far as they can be 
seen, sata to be firmly attached to the top 
course stone, In the few cases where the founda- 
tion plates are absent the stones have gone with 
em. 

On pier No. 10 the stonework is very little dis- 
turbed, At the western corner there are cracks, 
but they do not extend through the stonework. 
The bases of the columns are here all intact, and on 
every one of them is a piece of the flange of the 
corresponding column, all these fragments being 
portions of the western side of the flanges. Some of 
the fragments include two bolt holes, and are broken 
through the next two bolt holes, while others 
similarly broken include one bolt hole only. On 
the base of the south-west column stands a portion 
of the neck of the column about 3 in. high on the 
western and Yin. on the eastern side. The lower 
connexions between the bases of the columns are 
here also intact, except that one pair of tie-rods on 
the eastern side have been bent by the columns 
falling on them. Three lengths of columns lie on 
this pier overturned towards the eastern side. 

In the case of pier No. 11, the stonework has 
suffered considerable injury, and the remains of the 
columns are lying about unevenly with ends of the 
tie-rods attached. The annexed sketch, Fig. 5, which 
shows the general ap ce which the stones 
would present,if cleared of the broken ironwork, will 
serve to explain the nature of the damage which the 
masonry has sustained. The roman numerals on the 





they belong, counting from the bottom. ‘Towards 
the northern side of the pier all the stonework is 
intact, and three foundation plates remain fixed in 
position, The other foundation plates have been 
carried away with the stones to which they were 
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Fra. 5. 


Lastly, on No. 12 pier the west corner or cut- 
water stone of the a. course—a stone about 4 ft. 
square—is gone, and the stone below it, which 
measures about 6 ft. by 6 ft. 6 in., is broken through 
the bolt holes, The bolts have gone through the 
two top courses only. With the exception of the 
foundation plate at the western corner, which has 
gone with its stone, the bases of the columns are all 
in position. There are four lengths of columns 
lying on this pier, and judging from their position 
the canting over of the structure has first been to- 
wards the east, but in falling it has got set back 
towards the west. The column at the north-east 
corner has got canted round about 90 deg., and it is 
now standing nearly upright, but resting only on 
three bent tie-rods, It is somewhat dangerous 
moving about it. From what we have stated it will 
be seen that altogether the piers at the northern 
end of the fallen length of the bridge are in a 
worse condition than those towards the southern end. 
We have now laid before our readers the facts 
connected with the failure of the Tay Bridge as far 
as they are at present known to us; and in bringing 
this somewhat lengthy article to a conclusion, we 
have but few remarks to add. It would be 
hazardous at this early state of the inquiry to urge 
strongly any view as to the precise manner in 
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which the breakdown of the structure occurred; 
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but the facts so far ascertained certainly point pro- 
minently to certain conclusions which we have indi- 
cated generally in the course of the foregoing 
article. On the question as to the amount of sta- 
bility which the structure actually possessed, we 
have no desire to enlarge further on the present occa- 
sion; but the calculations we have given, together 
with the facts we have collated, certainly show 
that there is every reason to believe that it was 
vastly below the amount usually considered to be 
necessary for such works, both in this country and 
abroad. ‘This, however, is a point to which the 
attention of the court of inquiry is certain to be 
prominently directed, and in taking leave of the 
subject for the present, we can only express a hope 
that the inquiry may be so conducted as to tho- 
roughly sift all doubtful features in the design of 
the bridge, and to do away with the chance of any 
similar failure occurring in this country. 





INFLUENCE OF ELECTRICITY ON 
EVAPORATION. 

It was stated long ago that electricity is generated 
in the process of evaporation. As this takes place 
on a large scale, evaporation has accordingly been 
put forward as one of the most abundant sources of 
atmospheric electricity. But careful experiments 
show that this theory requires qualification, and 
that it is not the evaporation of the liquid so much 
as the friction of the vaporous particles among 
themselves that gives rise to the electricity of the 
atmosphere. 

Electricity has, however, a marked influence on 
evaporation, as has been shown quite recently by 
M. Gernez, a French physicist. His experiments 
are full of interest. They furnish new data and 
point to conclusions, which may find extensive 
application in meteorological science. 

‘The fundamental phenomena may be convenientl 
studied 4 means of a U tube, the ends of whic 
are sealed and provided with platinum electrodes. 
The tube is then inverted and a small tubulure 
made in the upper bend through which a quantity of 
liquid is introduced. The tube is afterwards ex- 
hausted, the aperture sealed, and the platinums 
connected with the terminals of a Holtz machine. 
When the machine is working, the liquid is ob- 
served to fall in one branch and to rise in the other. 





If the poles be reversed, the direction of the liquid 
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flow is likewise reversed. The distillation in all 
cases takes place from the positive towards the 
negative terminal. The phenomenon is easily ob- 
served and welldefined, ‘The rise or fallis found to 
be proportional to the quantity of electricity that 
passes in a given time and to be independent of 
the evaporating surface. 

Experiments with vacuum tubes have taught us 
that, when the luminosity first appears in the 
rarefied medium, the two electrodes are not at the 
same temperature, the positive being somewhat 
hotter than the negative. The difference rapidly 
decreases until the two terminals assume similar 
thermal conditions. It might be inferred that the 
distillation of the liquid in the above experiment is 
due, in some measure, to the unequal temperature 
communicated by the electrodes to the liquid which 
surrounds them, If this were the case, the distilla- 
tion must cease on the equalisation of the tempera- 
ture; but experiment shows that it continues with 
undiminished rapidity so long as the sparks continue 
to pass. 

But M. Gernez, by varying his apparatus, 
establishes conclusively that difference of tempera- 
ture has no other than a vanishing effect on the 
phenomena. For this purpose, afine tube provided 
with a platinum wire is inserted concentrically 
within a second tube provided also with a laterally 
placed electrode. A liquid is poured into the tubes 
so that the column in the smaller tube may be a 
little higher than that inthe surrounding one. This 
inequality, however, is quite immaterial, a vacuum 
is made and the outer tube sealed. By this ar- 
rangement, the passage of the sparks cannot alter 
the thermal state of the two neighbouring liquid 
columns. When the current passes from the inner 
to the outer tube, the distillation takes place in that 
direction; on reversal, the distillation immediately 
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sets in from the outer to the inner tube. This 
experiment appears decisive ; for even admitting the 
possibility of a pang ore coe difference, we see that 
the direction of the distillation is reversed consider- 
ably before the thermal conditions of the liquids can 
be interchanged. 

This conclusion may be further tested by main- 
taining one extremity of the bent tube at a constant 
temperature, and heating the other say 5 deg. or 
10 deg. Evaporation will take place, but the amount 
is exceedingly small when compared with that 
evolved by the influence of electrification. If the 
current be now passed from the colder to the warmer 
branch, distillation will at once set in actively 
in that direction. 

We said above that the quantity of transferred 
liquid is a function of the quantity of electricity that 
passes and not of the evaporating surface. This 
seems to show that the process is not one of ordi- 
nary evaporation, that is, it does not consist of a 
vaporisation followed by a condensation, Experi- 
ment confirms this conclusion ; for if the sides of the 
bent tube be kept perfectly dry, no appreciable 
distillation can be detected. The tendency towards 
the transfer of the liquid is marked by a cloudy 
appearance on the sides close to the liquid surface, 
and by tiny streaks stretching out towards the oppo- 
site branch. If the tube be shaken so as to moisten 
the sides, tbe transfer begins at once. By covering 
the inner surface with a thin layer of paraffine, or 
any substance which prevents the deposition of 
moisture, we completely arrest the electrical distil- 
lation, and are thus enabled to estimate the amount 
of evaporation from the free surface of the liquid 
and to show that it is, in comparison, almost ni/. 
The distillation appears therefore to be a transfer 
of liquid effected by electrifi:»tion along the con- 
ducting sides of the tubes. 





M. Gernez has not found any assignable connexion 
between the quantity of electrically distilled liquid 
and its surface tension or its power of conductivity 

These phenomena afford an interesting illustra- 
tion of the work done by electrification. 





BERGHOFF’S VALVE GEAR. 

THE engravings annexed show the leading features of 
a new valve gear constructed by Mr. Berghoff, of Prague. 
In this valve gear double beat valves are used for the 
steam inlet, whereas the exhaust is controlled by sliding 
valves. The admission and exhaust arrangements are 
independent of each other, and we shall therefore de- 
scribe each of them separately. 

As to the admission gear, there are two eccentrics E 
(one of them only, E’, being shown in our aving, 
Fig. 1), fixed on a rotating shaft B, this shaft receiving 
its motion by mitre gear from the main journal of the 
engine. Each eccentric actuates a rod A, whose motion 
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is guided by a sliding piece s, which we shall suppose 
to be in a fixed position. Now if the eccentric E' moves 
in the direction of the arrow, the pawl a fixed to the 
upper end of the rod A, in descending catches the free end 
of the lever n, whose right end is thereby raised, raising 
with it also the double beat valve in V' and steam is thus 
admitted to the cylinder. On its further way down the 
pawl a releases the lever n, and the valve is then 
closed by its own weight and by the pressure of a spring 
enclosed in m, whose tension can be regulated by a screw. 
The shock of the closing valve is lessened by an air 
buffer arranged below and in connexion with the spring. 

It is easily understood that the path of the pawl a, 
and therefore the moment of catching and releasing the 
lever n, is determined by the position of the sliding piece 
s. This sliding piece, however, is held by a lever fixed 
ona shafth. By turning slightly this shaft the position 
of the sliding piece s is changed, and thus also the 
period of admission is varied accordingly. It is scarcely 
necessary to point out that these variations are brought 
about by the regulator actuating the lever R. 

The exhaust, as has been already said, is controlled 
by two sliding valves 6! b?, which are fixed to a common 
valve rod c and arranged below the steam cylinder. The 
rod cis moved by a lever d turning on a pivoti. The 
shaft B carries a disc OC with a crooked groove g on its 
circumference (Fig. 3), into which a small roller r fixed 
to the end of the lever d engages. The lever d is thus 
caused to make a quick double stroke during each re- 
volution of the disc C opening and closing the exhaust 
passages in a suitable manner. The grooveg is arranged 
in such a way as to give free egress to the steam during 
the entire back stroke of the piston with a fixed amount 
of compression at the close of the stroke. 

The valve gear, which we have described, presents 
only very little resistance to the regulator, as will be 
readily understood, and allows of cut off at any point 
of the stroke from the beginning to the end. The clearances 
are very small indeed, especially in the exhaust valves, 
where they arereduced to a minimum. Altogether this 
valve gear is at least equal to others of a similar kind, 
and has worked new over two years on an engine at 
Prague without showing any unusual wear and tear. 

Finally, we may add that the inventor proposes to 
abandon the use of a centrifugal regulator in con- 
nexion with his valve gear, and to replace it by another 
device of his own. 














CLYDE SHIPBUILDING AND MARINE 
ENGINEERING, 1879. 

PARTICIPATING with many other important industrial 
districts in the severe depression of trade—from which, 
happily, the country is now rapidly emerging—the 
Clyde has no great account to give of itself for the past 
year in respect of the industries of shipbuilding and 
marine engineering, in which it has long held a foremost 
place. Taking the whole of the North of England dis- 
trict, including the three rivers, Tyne, Wear, and Tees, 
and the Hartlepools, the total tonnage of new shipping 
turned out in 1879 was very considerably in excess of 
that which we have to place to the credit of the Clyde 
shipbuilding firms. But it is scarcely fair to put the 





Clyde in comparison with such an extensive district, and 
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it would doubtless be more consistent—if we allow our- 
selves to be tempted into drawing comparisons—to put the 
Clyde and Tyne alone against each other, in which case 
the Clyde with its low annual turnout of new ship- 
ping stands about 30,000 tons ahead of the Tyneside 
ports, where the shipbuilding trade was decidedly busy 
throughout the past year; and while speaking of this 
matter it is specially worthy of note that the work turned 
out last year by the Palmer Shipbuilding and Iron Com- 
pany (Limited), at Jarrow-on-Tyne, amounted to the ex- 
traordinary total of 36,080 tons, a quantity which 
was never previously equalled by any shipbuilding firm 
in the world, the nearest approach to it being 31,889 tons, 
which was the amount of new shipping launched on the 
Clyde by Messrs. John Elder and Co. in the year 1871, and 
closely followed by the same firm in the year 1874, when 
the total was 31,016 tons. We need not stop to inquire 
what amount of truth there is in the prediction just 
made to the effect “that this is destined to become, at 
no distant date, the leading shipbuilding port in the 
world ;” but this we know for a fact, namely, that a num- 
ber of the Clyde shipbuilders have of late been some- 
what concerned at the extent to which orders were ob- 
tainable on the north-east coast ports while a number of 
their own yards were almost completely destitute of 
work. The result is that a determination has arisen on 
the Clyde that the North of England shall not outstrip it 
and put it to shame in those two industries in the prose- 
cution of which it has so long enjoyed # special pre- 
eminence. Led on by Mr. William Denny, a man well known 
for his enthusiasm, enterprise, and great professional 
ability, the Clyde builders have quietly resolved that if 
such vessels are wanted as those which are chiefly built 
on the Tyne and Wear, they will spare no effort to turn 
them out at as low a cost as is charged by North of Eng- 
land firms, and of equal if not superier quality. For 
outsiders and other firms not actually engaged in the 
competition, it is a pleasant thing to see such a healthy 
spirit of rivalry existing between the Olyde and the 
north-east coast ports, and we may rest assured that in 
the end the best will win. But we must proceed with 
the duty with which we have specially charged ourselves 
in this article. 

There is no possible way of getting quit of the un- 
palatable fact that the results of the work on the Clyde 
during the year 1879 compare most unfavourably with 
those of preceding years—for a decade at least. The 
total number of vessels built last year seems to have 
been 191, of about 168,50C tons, thus showing a decrease 
of 88 vessels and 53,000 tons. There was certainly a 
somewhat smaller tonnage launched in 1877, but it must 
be remembered that in that year there was a dispute be- 
tween the workmen and a number of the employers 
which lasted over several months, and which necessarily 
had the effect of reducing the annual turnout of new 
shipping very considerably. With that exception there 
has not been such a small amount of work executed m 
any single year since 1867, when the amount of shipping 
launched was almost exactly the same as in 1879, From 
the year 1867 onward, there was a steady and very de- 
cided improvement in the amount of shipbuilding work 
done from year to year. The output in 1868 was 
175,000 tons, and in the next year it roe to 194,000 tons. 
By the year 1872 the output had risen to 224,000 tons, 
and in 1878 there was an advance to 261,000 tons, while 
in the following year the shipping built on the Clyde 
amounted to the magnificent total of 266,800 tons, thus 
showing an increase of about 98,000 tons in the short 

riod of seven years. In consequence of a large num- 

r of first-class ocean steamships having to be with- 
drawn from the routes on which they had been plying, 
chiefly to and from North America and the Pacific coast 
of South America, there was a downward reaction in the 
Clyde shipbuilding trade in the year 1875. Few steamers 
of that class were ordered, as there was practically no 
freight for them, and many of those that were withdrawn 
were put upon the market for sale at a sacrifice, or laid 
up in hopes of better times arriving. The year 1875 
showed a falling off in new shipping turned out on the 
Clyde to the extent of 39,000 tons, and there was a 
further decline to the extent of 23,000 tons in the follow- 
ing year. As we have already mentioned, the total 
amount of shipping built in 1877 was about 168,000 tons ; 
in the year 1878 it rose to fully 221,000 tons; so that 
the past year’s work was about 25 per cent. less than 
that of the preceding year, and fully 98,000 tons, or up- 
wards of one-third less than what was turned out in 
1874. The falling off in the amount of tonnage launched 
during the past year was chiefly in respect of the output 
in vessels for war p and in mereantile sailing 
ships. In respect of vessels of the former class it 
amounted to 15,548 tons, there being ten such vessels of 
that aggregate tonnage launched for the British and 
Dutch Governments in 1878, whereas in the t year 
there was not a single vessel launched on the Clyde for 
war purposes. : 

The sailing vessels launched during the past year also 
showed a considerable falling off as compared with the 
turnout of such vessels in the year 1875—the aggregate 
in 1879 being about 15,500 as against 59,500 tons in the 
preceding year. With such a small amount of sailing 
tonnage it is scarcely to be expected that anything of a 





ment of the shipbuilding art; still it is worthy of 
mention that several very large sailing vessels were 
launched, including ships ranging from 1500 tons up to 
1943 tons, additions being made to several well-known 
lines of traders, such as the “County,” “ Shire,” “Mac,” 
and “ Fall,” lines, all connected with the foreign com- 
merce of the Clyde. 

In the department of paddle-wheel steamers there was 
only a slight falling-off as compared with 1878—18 vessels 
as ag tinst 20, and 6730 tons as against 7844 tons. Those 
that were launched last year were chiefly for the river 
Irrawaddy traffic, of which there were no fewer than six 
steel-built steamers (five by Messrs. William Denny and 
Brothers, Dumbarton, and one by Messrs. Robert Duncan 
and Co., Port-Glasgow). There were also three paddle 
steamers built to the order of the Wallasey Local Board 
for the passenger traffic between Egremont and New 
Brighton by Messrs. T. B. Seath and Co., Glasgow. 
Messrs. Inglis built one, the Cosmos, 1004 tons, for Mr. 
T. Elsee, of Buenos Ayres; the Rio Apa, 800 tons, was 
built for the National Brazilian Company, of Rio Janeiro, 
by Messrs. Henry Murray and Co.; and in the Marhinho 
Visconde 560 tons, an addition was made by Messrs. Caird 
and Co. to the fleet of Brazilian passenger steamers owned 
by the Bahia Steam Navigation Company. 

In respect of screw steamers the amount of shipping 
built on the Clyde last year was about 8000 tons over 
that launched in 1878, and nearly double the amount 
built in each of the years 1876 and 1877—the total being 
135,204 tons, the number of vessels being 95 as against 
129 in 1878, 104 in 1877, and 83in 1876. The aggregate, 
however, was still 43,000 tons under that of 1874. No 
fewer than four screw steamers, of a total of 9442 tons, 
were added to the fleet of East Indian traders owned 
by the British India Steam Navigation Company 
of Glasgow—one of them being built by Messrs. Robert 
Napier and Sons, and the remaining three by Messrs. 
Denny and Brothers. In the year 1878 the same com- 
pany had nine steamers built on the Olyde of a total of 
16,893 tons; in 1877 they had 5610 tons of steam ship- 
ping; in 1875, 10,800 tons; and in 1874, 18,870 tons— 
all Clyde-built. Within the last twenty-four years no 
fewer than 78 steamers of an aggregate of 114,500 tons 
have been built on the Clyde for the same company’s fleet, 
the contract value of which may be set down at close 
upon 2,000,000 The second largest amount of steam 
shipping built on the Clyde during the past year was 
to the order of Messrs. Donald Currie and Company, 
for their ‘‘ Castle” line of mail steamers to and from the 
Cape. The additions to that line during the past year 
were the Kinfauns Castle, built by Messrs. John Elder 
and Co., and the Grandtully Castle, built by Messrs. 
Barclay, Curle, and Co.—each 3600 tons, with engines of 
500 nominal horse power. For their different services. 
Messrs. Currie and Co. have now had 48 steamers built 
on the Clyde. For the “ Clan” line of steamers trading 
between Liverpool and Bombay there were built during 
the past year three vessels of a total of 6276—two by 
Messis. Alexander Stephen and Sons, and the third by 
Messrs. A. M‘Millan and Sons. Two additions were 
made to the Peninsular and Oriental Steam Navigation 
Company’s fleet of mail steamers running between 
London and East Indian and Australian ports. They 
were the Ancona, 3081 tons and 500 horse power 
nominal, and the Verona, 3069 tons and 500 horse 
power—the builders being Messrs. Caird and Co. 
The saime company had only one steamer built on the 
Clyde to their orders in each of the years 1874, 1876, 
and 1878; but in the year 1873 they took 13,325 tons of 
new shipping from the Clyde, and in 1871 they took 
18,500 tons. Two medium-sized screw steamers were 
built on the Clyde during the past year by Messrs. 
Robert Napier and Sons for the Pacific Steam Navigation 
Company of Liverpool. They were the Pizarro and the 
Mendoza, each 2520 tons and 250 horse power. During 
the ten years prior to 1865 the company had eighteen 
vessels built on the Clyde for their South Pacific trade, 
and in the course of the next nine years they had fifty 
vessels added to their fleet-—taking 12,500 tons of shipping 
in 1871, 19,430 tons in 1872, and 28,900 tons in 1873. 
Commencing with four of those steamers, which they 
chartered, the Orient Steam Navigation Company, of 
London, started fully a year ago to run a line of vessels 
between London and Melbourne; and during the past 
year they had specially built on their own account, by 
Messrs. John Elder and Co., the Orient, said to be the 
largest vessel in the mercantile service—5386 tons, with 
engines of 1000 horse power nominal. The same firm also 
built a screw steamer, the Arizona, of nearly the same 
size, for the “Guion” line of the Liverpool and Great 
Western Steamship Company, whose steamers had all 
been previously built on the Tyne. For the Atlas Steam- 
ship Company, of Liverpool, there were built two 
steamers for their New York and West Indian service— 
the Alvo, 2009 tons and 240 horse power, by Messrs. 
Aitken and Mansel, and the Athos, 2010 tons and same 
horse power, by Messrs. Charles Connell and Co. The fleet 
of the Atlas Company with one vessel built on the 
Clyde in 1876, followed by another in 1877, and by two in 
1878. Messrs. James and Alexander Allan, of Glasgow, had 
the Buenos Ayrean, 4005 tons and 600 horse power nominal, 
built by Messrs, Denny and Brothers, who also built 





very marked character can have occurred in that depart- 





two splendid steamers for the Union Steamship Company 








of New Zealand—the Rotomahana, 1727 tons, and the 
Te Annau, 1653 tons, and each of 200 horse power. 
Starting a steam fleet in 1875 with three Clyde-built 
steamers of 2300 tons each, the Canada Shipping Com- 
pany, of Montreal, had a much larger vessel built during 
the past year for their Liverpool and Montreal service, 
namely, the Lake Winnipeg, 3300 tons and 400 horse 
power nominal, by Messrs. James and George Thomson. 
That firm also supplied the Arab, a steamer of 3170 tons 
and 500 horse power, to the order of the Union Steam- 
ship Company of Southampton, for the Cape mail service, 
on whose account also the German was built on the Clyde 
in 1877 and the Pretoria in 1878. The only other large 
steamers that we need specially refer to as built on the 
Clyde last year are the following. The City of Agra, 
3193 tons and 550 horse power, built by Messrs. Charles 
Connell and Co., for the “ City” line of Messrs. George 
Smith and Sons, who in 1870 owned the largest fleet of 
iron sailing ships in the kingdom ; the Britannia, 3070 
tons, built by Messrs. D. and W. Henderson and Co. 
for the ‘* Anchor” line of Clyde and Bombay traders ; 
the Amsterdam, 3100 tons and 400 horse power, built 
by Messrs. A. M‘Millan and Sons for the Netherland 
American Steamship Company, of Rotterdam; the 
Princess Marie, 2760 tons and 400 horse power, built for 
the Stoomvart Maat Schappy Nederland, by Messrs. 
John Elder and Co. ; the Wuhu, 3030 tons and 300 horse 
power, built by Messrs. Scott and Co., Greenock, for the 
China Navigation Company’s service on the Yang-tse- 
Kiang; and the Montreal, 2800 tons and 375 horse 
power, built by Messrs. Connell and Co. for the Missis- 
sippi and Dominion Steam Navigation Company, of Liver- 
ool, 

P Returning for a moment to a comparison of the work 
done on the Tyne and Clyde last year, it is peculiarly 
interesting to observe that while out of the 130 vessels 
of a total of 139,843 tons turned out by the thirteen ship- 
building firms on the first-named river, only five reached 
or exceeded 2000 tons, there were at least 30 vessels coming 
within that category out of the 168,500 tons of new 
shipping built on the Clyde, a considerable proportion 
of which were steamers exceeding 3000 tonseach. From 
this it will at once be seen that in the vessels launched on 
the Clyde last year there was quite a fleet of ocean-going 
steamers of the largest class. The Union steamship Ger- 
man was the only vessel of over 3000 tons that was 
launched in the year 1877, while there were only four above 
2500 tons each. In the following year there were two 
that exceeded 4000 tons, namely, the Cunard liner Gallia, 
4809 tons, and the Kaiser-i-hind (Empress of India), 4023 
tons, for the Peninsular and Oriental Company’s fleet ; 
and there were four other which exceeded 3000 tons. Of 
the large steamers launched on the Clyde during the past 
year it will have been observed that there were two— 
the Orient and the Arizona—that exceeded 5000 tons, 
and one—the Buenos Ayrean—that exceeded 4000 tons. 

Of the vessels built on the Clyde in 1879 there were 
fully more than the usual number for foreign owners. 
For French owners the demand was unusually brisk. On 
account of German owners the orders were quite equal to 
those of the previous year, and while Spain and Italy 
sent some good contracts, Belgium, Austria, and Russia 
figure in the returns for the year. 

There was a fair amount of work turned out during 
the year in the shape of steam dredging plant. Messrs. 
T. Wingate and Co. built a steam dredging machine of 
600 tons to the order of the British Admiralty authorities 
for the deepening of Devonport harbour; they also 
built the Faugh-a-Ballagh, a dredger of 400 tons, and 
four steam hopper barges for the Dundalk Harbour 
Commissioners. Messrs. William Simons and Co., London 
Works, Renfrew, built five dredgers—one of 600 tons 
and 100 horse power, for the Hull Dock Company ; 
ene of 600 tons and 80 horse power, for the Melbourne 
Harbour Commissioners ; one of 500 tons and 70 horse 
power, for the Londonderry Harbour Commissioners ; 
one of 400 tons and 40 horse power; and one of 350 tons 
and 40 horse power for the London and Brighton 
Railway Company. They also built several barges, and 
one hopper barge of 346 tons and 65 horse power was 
built by Messrs. Murdoch and Murray, Port-Glasgow. 

Of iron sailing barges there were four of a total 
of 1650 tons, built for the Irrawaddy river trade; 
six for the canal and river trade at home; and five for 
shipment abroad. 

As regards steam yachts about the average number 
and tonnage were turned out last year, In all there 
were twelve launched, ranging from 40 tons up to 
254 tons, the latter, the Ulva, being built by Messrs, Scott 
and Co., for Mr. T. A. Hankey, London. There were 
eighteen sailing yachts launched, one of them being a 
schooner of 110 tons, for Sir John Douglas. It was 
built by the famous firm of Fyfe and Sons, Fairlie, who 
were unusually busy during the year. 

As might be expected in regard to the work turned 
out by individual firms in a year of such great depression 
as last year was, at least for three-fourths of its course, 
even the most eminent firms stand low as compared with 
the work executed in some former years, In some in- 
stances, however, previous years’ totals were exceeded. 
The premier position was occupied by Messrs. John 
Elder and Co., who launched 16,895 tons of new shipping. 
Next in order came Messrs. Alexander Stephen and Sons 
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with 16,308 tons, and they were followed by Messrs, 
Denny and Brothers with 16,236 tons ; by Messrs. A. 
M‘Millan and Sons, with 13,518 tons; by Messrs. J. and 
G. Thomson, with 11,520 tons; by Messrs. C. Connell 
and Co., with 8510 tons, Several other firms launched 
over 5000 tons, amongst whom there were Messrs. R. 
Napier and Sons, Messrs. Caird and Co., Messrs, Scott and 
Co., Messrs. Barclay, Curle, and Co., and Messrs. M‘Intyre 
and Co., Paisley. 

It is specially worthy of note in connexion with the 
work done on the Clyde during the past year that steel, 
the new material of construction, was used on a much 
more extensive scale than in any former year; indeed, 
the “new departure” in shipbuilding may henceforth 
almost be said to date from the year 1879. The firm 
which has been most prominent in the application of steel 
in shipbuilding, is undoubtedly that of Messrs. William 
Denny and Bros., who turned out during the year no fewer 
than eight steel-built vessels of very varied character 
and size, and one of them, the Buenos Ayrean, 4005 tons, 
being the largest merchant steamer yet constructed in 
steel. 


Messrs. Denny’s production of work during the year was 
thirteen vessels, of which no fewer than ten were built 
of steel, five of them being paddle-wheel steamers for the 
river Irrawaddy. Messrs. Robert Napier and Sons built 
two screw steamers, each of 2520 tons, in the same 
material; and a steel vessel of 3500 tons was built for 
the Donald Currie line of Cape mail steamers by Messrs, 
John Elter and Co. There were several other smaller 
vessels built of steel during the year by other firms. It 
is not overstepping the mark to say that the year’s out- 
put of steel shipping amounted to well-nigh 19,000 tons. 
In connexion with this matter we would just incidentally 
remark that ample provision has been made in the 
Glasgow district by the Steel Company of Scotland and 
by Messrs. Beardmore (Parkhead Forge and Rolling 
Mills) to meet the very large demands that may be 
made upon them in the immediate future for Siemens 
steel of the highest quality yet manufactured. A number 
of interesting details in reference to that subject have 
been laid before our readers within the last two or three 
months, and therefore it is not necessary that we should 
enlarge any further on the point just raised. 

Nothing of a very startling character has arisen during 
the past year in regard to the department of marine en- 
gineering as pursued on the Clyde. Numerous small 
improvements have been made by various firms in the 
way of simplifying the structural arrangements in respect 
of the details of the engines, boilers, &c., all more or less 
aiming at effecting economy in construction, or in work- 
ing the same, or in still further lessening the consumption 
of fuel. Engineers are more generally pushing their 
steam pressures up to 75 lb. or 80 lb. per square inch, 
with good economical results; and in regard to boilers 
we should further remark that steel is becoming more and 
more general as the material of construction. As bear- 
ing on the question of boiler construction and the use of 
high steam pressures, we may remark in passing, that 
the members of the Scottish Institution of Engineers and 
Shipbuilders have at present under discussion a paper by 
Mr. Frederick J. Rowan on “The Introduction of the 
Compound Engine, and the Economical Advantage of 
High-Pressure Steam ; with a Description of the System 
introduced by the late Mr. J. M. Rowan.” Already Mr. 
J. L. K. Jamieson, Mr. A. C, Kirk, and other well-known 
engineers have taken part in the discussion. 

The new year opens with a very much larger amount 
of work in hand than there was this time twelvemonth, 
which is a most gratifying fact. The year 1879 closed 
with at least 96 vessels in the various stages of construc- 
tion, whereas at the close of the month of August there 
were only 54 vessels in hand; at the end of 1878 there 
were only 68 in process of construction. In Messrs. 
Elder and Co.’s yard there are nine vessels on the stocks, 
with five keels to lay down as accommodation is-provided ; 
and several other firms are also well supplied with 
work for many months ahead. Some of the vessels now 
in hand are of most extraordinary dimensions and carry- 
ing capacity. In regard to the details of a number of 
the principal contracts now in hand we would refer our 
readers to articles contained in ENGINEERING on the 
10th and 3lstof October last. Steel is still prominent as 
the material of construction. 

There are about three dozen shipbuilding yards on the 
Clyde over a distance of some 25 miles, and during a 
portion of last year no fewer than nine of them were closed; 
at present, however, only three of them are without 
work, and they have been so for some time in conse- 
quence of financial difficulties. 

In the ranks of those persons who played a more 
or less prominent part in connexion with Clyde ship- 
building and engineering death has made at least three 
gaps during the past year. Two of the deaths came to 
persons who attained a fulness of years. We refer 
to Mr. R. 8. Ounliff, cousin of Mr. Charles Randolph 
and partner with him for about thirty-four years; and to 
Mr. Robert Steele, who at the time of his death was 
the ‘father of Clyde shipbuilding.” Lastly, there was 
the death, early last month, of Mr. J. R. Napier, eldest 
son of the late Robert Napier. Biographical notices of 


these gentleman are to be found in our pages for the 
past year. 





THE EDISON ELECTRIC LIGHT. 

Aumost the whole civilised world appears to be waiting 
with feverish anxiety for fuller detaile and confirmation 
of Professor Edison’s latest discovery in electric lighting. 
If he has indeed arrived at the solution claimed and has pro- 
duced a domestic light, free from the disadvantages hitherto 
attendant upon electric illumination, and those which are 
inse ble from gas; a light at the same time, cheap in 
production, entirely under control, capable of regulation, 
and requiring no special management ; it is certain that for 
the first time since the problem of electric lighting has been 
studied, that has found a dangerous rival. Pending 
precise and technical information on this all-important sub- 
ject, we are compelled to content ourselves with the more 
popular notices of the American journals. We believe that 
the following description taken from the New York Herald 
is the most complete that has yet appeared : 

‘* The inventor’s next angers move was the adoption 
of carbon in connexion with platinum as the substances to 
be made incandescent. He caused a slender rod of carbon 
to rest upon another of platinum, the inferiority of contact 
between the two at their point of meeting producing a re- 
sistance to the passage of the electric current and causing 
the carbon to become highly incandescent, while the 
platinum attained only a dull red heat. The carbon rod 
was pressing upon the platinum by a weight in- 
geniously arranged. A dozen or more forms of this lamp 
were made; but, after all, the inventor was obli to 
return to platinum as the substance most suitable, all 
things considered, for being made incandescent. For two 
months he worked at platinum day and night, only to find 
that platinum, as he had been using it, was entirely worth- 
less for incandescent lighting. To many e enters 
this would have proved a discouragement perhaps fatal, 
but it had the effect only of increasing Edison’s determina- 
tion. 

‘* After scores of new experiments he arrived at the true 
causes of the defects and hastened to apply the remedy. ‘I 
have found,’ he writes, ‘ that when wires or sheets of plati- 
num, iridium,’ or other metallic conductors of eye | 
that fuse at a high temperature are exposed to a hi 

temperature near their melting point in air for several 
hours by passing a current of electricity through them and 
then are allowed to cool, the metal is found to be ruptured, 
and under the microscope there are revealed myri of 
cracks in various directions, many of which reach nearly 
to the céntre of the wire. I have also discovered that 
contrary to the received notion, platinum or platinum and 


candle ; that even heated air causes it to lose weight ; that 
the loss is so great a hydrogen flame is tinged green. 
After a time the metal falls to pieces ; hence wire or sheets 
of platinum or platinum and iridium alloy as now known 
in commerce are useless for giving light by incandescence— 
‘* First, because the loss of weight makes it jive 
and unreliable and causes the burner to be rapidly de- 
stroyed. 
‘* Second, because its electrical resistance changes by loss 
in weight, and its light-giving power for the total surface 
is greatly reduced by the cracks or ruptures. The melting 
point also is determined by the weakest spot of the metal. 
‘* By my invention or discovery I am able to prevent the 
deterioration of the platinum or its alloys by cutting off or 
intercepting the atmospheric action. A spiral wire or other 
forms of platinum is placed in a glass tabe or bulb with 
the wire near its ends passing through and sealed in the 
glass, and the air is exhausted from the glass. The 
platinum wires of the spiral are then connected to a 
magneto-electric machine or ba’ , the current of which 
can be controlled by the addition of resistance. Sufficient 
current is allowed to pass through the wire to bring it to 
about 150 deg. Fahr. It is then allowed to remain at this 
temperature for ten or fifteen minutes. While thus 
both the air and gases co in the metal are expelled by 
the heat or withdrawn by the vacuum'action. While this air 
or the gases are ee a of the metal the mercury pump 
is kept continually working. After the expiration of about 
fifteen minutes the current passing through metal is 
augmented so that its temperature will be about 300 deg. 
Fahr., and it is allowed to remain at this temperature for 
another ten or fifteen minutes. The mercury Bam is to 
be worked continuously and the temperature of the spiral 
ised at in’ of ten or fifteen minutes until it attains 
vivid incandescence and the glass is contracted where it has 
passed to the pump and melted together. 

“The wire is now in a perfect vacuum, and in a state 
heretofore unknown, for it may have its temperature 
raised to a most dazzling in escence, emitting a light 
of 25 standard candles, whereas before treatment the same 
radiating surface gave a light of only about three standard 
candles. The wires after being thus free from are 
found to have a polish exceeding that of silver, obtain- 
able by no other means. No cracks can be seen even after 
the spiral has been raised suddenly to incandescence many 
times by the current, and the most delicate balance fails to 
show any loss of weight in the wire even after it a 
for many hours continuously. I have i 
that if an alloy of platinum and iridium is coated with the 
oxide of magnesia, and subj to the vacuum process: 
described, a combination es place between the metal 
and the oxide, giving the former remarkable ae 
With a spiral having a radiating surface of about 7, in. 
light equal to that given by 40 standard candles may be 
obtained, whereas the same spiral, not coated by my pro- 
cess, would melt before giving a light of four . The 
effect of the oxide of magnesia is to harden the wire toa 
surprising extent, and render it more refractory. A —_ 

i when at high in- 
pure iron and 


e of this wire is elastic and i 
candescence. I have found that 
nickel ~~ ~~ aw and rer to a 
cess, may e ive & equalling platinum 
in the open air. Carbon icks also be freed from air 





in this manner, and be brought to a perature where 


iridium alloy loses weight when exposed to the heat of a| 4 


heated | had 





—_—_—__——— 
the carbon becomes pasty, and on cooling it is homogeneous 
another 


and hard.’ About this time truth dawned upon 
the inventor, namely, that economy in the production of 
light from incandescence demanded that the incandescent 
substance should offer a very great resistance to the pas- 
sage of the electric current. Concerning this the inventor 
writes: ‘It is essential to aig cy we ractice of 
having lamps of but one or two ohms ( ical units) re- 
sistance, and construct lamps which, when giving their 
proper light, shall have atleast 200 ohms resistance.’ 

‘The lamp, as it stood at this stage of the inventor’s pro- 

,.is shown in Fig. 1 (see next ) : a is the burner or 
incandescent platinum in the —_ of a bobbin supported 
within the vacuum tube b by a rod b', of the same material as 
the bobbin. The vacuum tube 6 is sustained by the case k, 
and around said tube b is a glass globe 1. Within the case k 
is a flexible metallic aneroid L, that opens into the 
glass case 1, so that the air, when by heat, can 

into the aneroid chamber and give motion to the 
exible diaphragm z and parts connected therewith. When 
the current ci ing around the bobbin a becomes too 
intense and heats the latter too highly the air within the 
glass case | is ey and bulges downward by the 
diaphragm 2, and the pin thereon es upon the spring 
5 and separating said spring from the block 6 breaks the 
circuit to the burner. The temperature within the globe 
l lowers immediately, and the parts return to their normal 
mp closing the circuit through the burner to 5 and 6. 
his opening and closing of the circuit is but momentary, 
and, therefore, the uniform brilliancy of the light is not 
affected, and there is no danger of the burner becoming too 
highly heated. The lamp, these latter improvements, 
was in quite a satisfactory condition, and the inventor con- 
oo with much gratification the near conclusion of 
his labours. One by one he had overcome the many diffi- 
culties that lay in his path. He had brought up platinum as 
a substance for illumination froma state of com ive 
worthlessness to one well-nigh perfection. He suc- 
ceeded, by a curious combination and improvement in air 
pumps, in obtaining a vacuum of nearly one-millionth of 
an atmosphere, and he had perfected a generator or elec- 
tricity-producing machine (for all the time he had been 
working at lamps he was also experimenting in magneto- 
electric machines) that gave out some 90 per cent. in 
electricity of the energy it received from the driving engine. 
In a word, all the serious obstacles toward the success of 
incandescent electric lighting, he believed, had melted 
away, and there remained but a comparatively few minor 
etails to be arranged before his laboratory was to be 
thrown open for public inspection and the light given to 
the world for better or for worse. 

‘* There occurred, however, at this juncture a discovery 
that materially changed the system gave a rapid stride 
toward the perfect electric lamp. Sitting one night in his 
laboratory reflecting on some of the unfinished details, 
Edison began abstractedly rolling between his fingers a piece 
of compressed lampblack winod with tar for use in his 
telephone. For several minutes his thoughts continued far 
away, his fingers in the meantime mechanically rolling out 
the little piece S hen lampblack until it had become a 
slender ent, pening to glance at it the idea 
cooumued to Bien that ib sight gine geod stoutis a0 » burner 
if made incandescent. A few minutes later the experiment 
was tried, and, to the inventor’s gratification, sati 5 
although not surprising results were obtained. Further 
~~ were made, with a forms and ae 

substance, each experiment demonstrating at 
last the inventor was — the right track: A spool of 
— yaw As on the ae laboratory. The 
inventor cu’ a small piece, put it into a groove 
-— clamps of iron and lace 

e sal 


ween 
the latter in the furnace. 


hidden 
agents to success ighting, 
and it was with this view that be sought to eco the arta, 
remains of a cotton thread. At the expiration of an hour 
he removed the iron mould containing the thread from the 
furnace and took out the delicate carbon framework of the 
thread—all that was left of it after its fiery ordeal. This 
slender filament he placed in a globe and connected it with 
the wires to the machine generating the electric 
current. Then he extracted the air from lobe and 
turned on the electricity. Presto! a beautiful light 
his eyes. He turns on more current expecti 
filament instantly to fuse; but no, the 
more brilliant light. He turns on more current, 
more, but the deli 


impetuosity and wondering and marvelling at 
the h of the little filament, he'tarae om the ‘all 


wer of hi 
ot ihe tateuse be t ing through it—h hat would 
wil ea i eat that 

melt the diamond itself —then at last it succumbs and all is 
darkness. The powerful current had broken it in twain, 
ee wy ned: ores Pe whee eA ed 
ay inventor hastened to examine under the 

sone erica Ginmmant, eqpasentiy so delicate; but ia 
ne more infusible platinum, so long con- 


one of the most infusible of metals. The 


markable d of hardness pared with its fragile 
. t. Ni ht and dey " ith scarcely ean 
current. ig! >» wi to 
eat a hearty meal or a bri the inventor kept 
uy ids aupecinonte, and tele elebeaieiiny i of thread 
he went to s of wood, straw, paper, and many 
other substances never before for that The 
results of his experiments s that the best 
for the carbonisation and the out of in. 
light, was paper preferably cardboard 
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results even when verythin. The beautiful 
reliability, 
and non-fusibility of the carbon filament were not the only 
elements incident to the new discovery that brought joy to 
the heart of Edison. There was a further element—not 
the less necessary because of its being hidden—the element 
of a proper and uniform resistance to the passage of the 


but giving 
character of the illumination and the steadiness, 


electric current. The inventor’s efforts to obtain this 
element had been by far the most laborious of any in the 
history of his work from the time he undertook the 
task, and without it absolute success to electric incan- 
descent illumination could not be predicated, even though 
all the other necessary a were present in the fullest 
degree. Passing over the scores of experiments made since 
the discovery that the carbon framework of a little piece of 
paper or thread was the best substance possible for incan- 
escent lighting, we come to consider the way in which the 
same is pons at the present time in the laboratory. 
“* With a suitable punch there is cut from a piece of 
‘ Bristol’ cardboard a strip of the same in the form of a 
miniatuie horseshoe, about 2 in. in length and } in. in 
width. A number of these strips are laid flatwise in a 
wrought-iron mould about the size of the hand and sepa- 
rated from each other by tissue paper. The mould is then 
covered and placed in an oven, where it is gradually raised 
to a temperature of about 600 deg. Fahr. This allows the 
volatile portions of the paper to away. The mould is 
then placed in a furnace and heated almost toa white heat, 
and then removed and allowed to cool ually. On open- 
ing the mould the charred remains of the little horseshoe 
cardboard are found. It must be taken out with the 
greatest care, else it will fall to pieces. After being re- 
moved from the mould it is placed in a little globe and 
attached to the wires leading to the generating machine. 
The globe is then connected with an air pump, and the 
San aan at & ea ceeetiing Ge air. After the 
air has been extracted the globe is , and the lamp is 
ready for use. Fig. 2 shows the lamp com: : Aisa 
globe, from which the air has been abstre: resting on a 
stand B. F is the little carbon filament connected by fine 
platinum wires G G', to the wires E E', leading to the screw 
posts DD’, and thence to the generating machine. The 
current, entering at D, passes up the, wire E to the 
tinum clamp G; thence through the carbon filament 
Ag down the wire B to i —— 
to the generating machine. It wi 
ae the complete lamp in Fig. 2, 
no comp regula a » such as o 
rised the inventors earier I Ail the work he did in 
was practically wasted, for he lately realised 
that they were not at all necessary—no more so than a fifth 
wheel is to a coach. 
“He finds that the electricity can be regulated with 
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entire reliability at the central station, just as the pressure 
of gas is now regulated. By his system of connecting the 
wires the extinguishment of certain of the burners affects 
the others no more than the extinguishment of the same 
number of gas burners affects those drawing the supply 
from the same mains. The simplicity of the completed 
lamp seems certainly to have arrived at the highest point, 
and Edison asserts that it is scarcely possible to simplify it 
more. The entire cost of constructing them is not more 
than 25 cents. The | shown in Fig. 2 is a table lamp. 
For chandeliers it would consist of only the vacuum globe 
and the carbon filament attached to the chandelier and 
connected to the wires leading to the generating machine in 
a central station, perhaps a half mile away, the wires being 
run through the gas pipes, so that in reality the only 
change necessary to turn a gas jet into an electric lamp is 
to run the wires through the pipe, take off the jet and 
screw the electric — in the latter’s place. though 
the plans have been fully consummated for general illumi- 
nation the outline of the probable system to be adopted is 
the locating of a central station in large cities in such a 
manner that each station will supply an area of about one- 
third of a mile. In each station there will be, it is con- 
templated, one or two engines of immense power, which will 
drive several generating machines, each generating machine 
supplying about fifty lamps. Mr. Edison's first experi- 
ments in machines for generating the electric current did 
not meet with success. His primal apparatus was in the 
form of a large tuning-fork, constra in such a way that 
its ends vibrated with great rapidity before the poles of a 
large magnet. These vibrations could be produced with 
comparatively little power. Several pe ae 5 
proved, however, that the machine was not practical, and it 
=—— aside. —— a — of other forms, 
gn by ayes one at present used. Bearing 
in mind the principle common to all to-electric 
machines—viz., that the current is produced by the rota- 
tion of ets near each other—it will not be difficult to 
und , in a general way, how his machine operates. 
Fig. 3 shows the generating or Faradic machine, as Edison 
terms it, in honour of Faraday, complete; a a are two up- 
right iron columns, 3ft. high and 8 in. in diameter, wound 
with coarse wire and resting upon the base n and s, which 
form its ic poles. This of the a tus is 
called the field of force magnet. Fixed on an axle, so as to 
freely revolve between the poles n and 3, is a cylindrical 
armature of wood e wound to its axis with fine 
saadien peal ieee ae pustie.goie at ~ 

ve ly the i n 8, by 
means of the belt B, driven a (not shown in the 
cut), there is generated in the wire surrounding the arma- 
ture ¢ strong currents of electricity, which are carried off 
by the wires W W to the electric lamps. 





‘** By constructing the machine in tke form shown in 
Fig. 4, there is obtained an electric motor capable of per- 
forming light work, such as running sewing machines and 
pumping water. It forms part of the inventor’s system, 
and may be used either with or without the electric light. 
To run an ordinary sewing machine it requires only as 
much electricity as is necessary to give out one electric 
light of the strength of a common gas jet. To put it 
in operation on a sewing machine the housewife has merely 
to attach it by a little belt at A with the wheel of the sew- 
ing machine, and turn on the electricity by touching a little 
knob conveniently attached. The cost is the same as if 
she was burning one electric light. The apparatus for 
measuring the amount of electricity used by each house- 
holder is a simple contrivance consisting of ar electrolytic 
cell and a small coil of wire, appropriately arranged in a 
box, the latter being of about half the size of an ordinary 
gas meter, and like a gas meter it can be placed in any part 
of the house. The measurement is obtained by the de- 
posit of copper particles on a little pate in the electrolytic 
cell, such deposit being caused by the electric current pass- 
ing through the cell. At the end of any period, say one 
month, the plate is taken by the inspector to the central 
office, where the copper deposit is weighed, and the 
amount of electricity consumed determined by a simple 
calculation. 

‘In addition to the various parts of the system above 
described, there are a number of other details, not so im- 
portant to be sure as those of which sketches have been 
given, but nevertheless essential to make up the complete 
plan of economical electrical illumination. A description 
of these latter will not be attempted, as a proper under- 
standing of them involves a technical Soentelen of the 
laws of icity. The entire system embraces an amount 
of work so extensive that one naturally wonders how a 
ne man in such a brief space of time as fifteen months 
could possibly have planned and perfected it all. And sur- 
prise becomes greater when it is considered that during 
this period Edison found time to make other inventions. 
A sextuplex telegraph, or apparatus for sending six mes- 
sages on one telegraph wire in opposite directions simulta- 
neously, saw life during the progress of the electric light, 
patents for the same having only just been issued. Several 
new and im improvements in his chalk telephone, 
by which the efficiency of that invention is greatly in- 
creased, also attest his industry and versatility of genius.” 





Tue NERBuDDA Bripere.—The contract for the con- 
struction and establishment of the great bridge which the 


Bombay, Baroda, and Central India Railway Company is 
throwing over the Nerbudda, provides that the bridge shall 
a in April. The bridge is a very formidable 
work, 
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{THE RELATION OF POWER AND SPEED 
IN STEAMSHIPS. 
s To “—. pgm OF the above suerte read . 
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Seeing & paper on above by 


pay 

ines ‘ound a our am 
to bring before you some work own bearing on the 
nalifed ‘ac acceptance of Mr. 


uestion, showing what the un 

Mansel’s ’s conclusions would ly involve. 

My communication is in the form of a short paper 
penned nearly two years ago; it was not, however, 
in time to serve the pu for which it was written 
has remained unpublish Complete in its a 
more so than anyt could spare time to just 
now—I have thought it best on tie wh whole to use paper 
as it stands and not to take a new j poet 

It remains for me to add that I bave on several occasions 
been able to employ this law of the geometrical progression 
with advantage in practice. A formula of interpolation is, 
however, something very different from that desideratum, 
a convenient snd reliable formula expressing the relations 
of power and speed in’steam ships generally, and it is toa 
more correct appreciation of the laws of propeller action 
and wave resistance than now exists that we may look for 
the next step in advance. 


am, Sir, a gy 3 
London, December 23, 18 MONDS. 


The Relation of Power and oa: in Steamships. 

In dealing with the question of steamship performance 
it has been convenient to establish some measure of the 
efficiency of the combination of hull and machinery, and 
on the whole the assumed law that resistance varies as the 
square of the speed has done good service when used with 
judgment. It would, however, be idle to urge the suf- 
ficiency of this law in "face of the spirited protests that have 

appeared from time to time. The investigator soon realises 
the fact that apparent or gross resistance, that is, horse- 
power divided by the speed of the vessel, does not as a rule 
vary in the nag ese, of the square of the speed. He 
determines the power that will accord with the results of 
two trials of the same ship, but only to find that it will 
not serve for a third trial’ Seeing that neither a series 
of squares nor any other exponential series expresses the 
relation between resistance and speed, it mes & question 
whether such relation cannot be more nearly expressed in 
some other way. Following up this course of reasoning 
the writer was induced some four years back to be gael os the 
equi-rational or geometrical pi ion a 
result was satisfactory to a certain extent, but with the 
heterogeneous and unsatisfactory data then ‘extant, it was 
difficult to form any decided opinion. Now that, thanks 
to Mr. Fronde and to Mr. Denny, aided by Mr. Inglis, we 
are in possession of —_ Jive ete data, the question can 
be discussed to better g to circumstances 
the subject has to be daly wit hastily, and therefore not 
so thoroughly as could be wished, bu ‘it is hoped that the 

following remarks will suffice to enable any one so inclined 
to es = A >  empeas law of variation and judge of its ad- 


athe ge gota form of expression for the relation in ques- 
tion—V and BR being variables and A and r constants—is : 


ar: a a. te (1) 


Log. R=log. A+V log. r . (2) 
The equation (1) is rather unmanageable, bat in the 
oa Poa the help of a table of logarithms there should 
no c 


or 


The gross seaistenes ® may be poe either to the 
speed of f the ship or of the propeller, so as to be : 
Indicated H.P. oe a ndicated H.P. 





Speed of ship of propeller 
This last is called by Mr. wa. - indionted thrust,”’ and 
should be used if possible. It is obvious that = _ 
instances, as for example in the case of the same shi 
the same screw, the pitch of the screw is a constant 
and that revolutions alone may be taken, instead of the 
speed of the screw, and with equal advan 

The constant (A) is the value of R when v=0, and may 
be taken as representing in quali y Fak > mantity the the 
important constant to which 
attention so forcibl f aud to which 4, has ~ h. co name 
of “‘ initial friction.” 

It only remains to be said that r is the common ratio of 
the geometrical progression, and that V is the speed of the 
pred yy in knots per hour, or otherwise, as may be convenient, 
if only relative results are required ; for absolute results Vv 
must be expressed in feet per minute. 

As ly stated, logarithms are required for the purely 
numerical method of calculation ; but for practical pur- 
poses the graphic method may be used, and the curve of 
indicated thrust readily drawn, as a curve in which equi- 
distant ordinates are in geometrical progression, without 
any reference to logarithms. The accompanying construc- 
a Neaeet we yy be hee! poe. 1 and 2). 

The opinion that the law of trical progression may 
be used with advantage in this ues is corroborated 
Mr. Mansel’s method of investigation, although he does 

ater be aware that such is the conclusion to be 

t. The assertion that ‘‘the logarithms of the 

ratio <s = wer to the speed, drawn as ordinates, to the 

as abscisse will range in a straight line in- 

clined to ae axis or otherwise,” amounts to saying that 

equidistant ordinates have the same difference, or that the 

quantities of which they are the logarithms, i.e., the ratios 

of ratio of indicated power to speed, have a common ratio, 
that is, are in geometrical progression. 

To satisfy the law of geometrical progression ordinates 
representing logarithms of the indicated thrusts must 
range with their extremities in a rw db lh A 
ordinates representing simple indicated t must have 
their extremities in what is known as the rithmic 
curve. The abscisse in the case of this curve being the 
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Thrust cpm th each Knot of Speed, assuming the 




















Ordinates for. fr Biypodaital Muse Gove 














$° 
Let Paty and 


Speed 


Join VII. and 
eth Vv. 


51 tu1,7 IV" Vv. 
eid tra ef Wg tf 
I 9. 
7=g VIL; 
assy ah 


pi 





J VI. ‘represent the 
scale for two trials at np Ds 
pea A eg peer speeds to 
Land produce VII. vi. and 
Make 9607 VL, join 6 8 cutting 7 VI. 


“mil 


Fo 


a 


” ” 


g 
thrusts to any 


represen the 
re sls 
ay m . 
IV. 
IIL, and so on. 


represent the respective indi- 
y the — 


represented 
J g. Make 


same interval 
to cut g VIL., produced in VIII., 


80 On. 
g VIIL., &., will represent the indicated thrusts for the increas- 
ing speeds, 








casumtng the Ratio of Bnoresse to be that the Square 
of the Speed. ¢ True Ratio o, Increase to be that of the Square of the 
Speed, as in Table I. 
Number. Square. Ratio. . 
: " Number Square plus 15. Ratio. 
4.000 1 16 
2 1,188 
2.250 2 19 
‘38 1,263 
1,778 3 24 
4 16 1.292 
1.563 4 $1 
5 25 1,290 
1.440 5 40 
6 36 1.275 
1.361 6 51 
7 49 1,255 
1.306 7 64 
8 Ot 1,234 
1.266 8 79 
9 81 1.215 
1.235 9 96 
10 100 1.198 
1,210 10 115 
11 121 1.183 
1,190 11 136 
12 144 7, 1.169 
1,174 12 159 
13 169 1.157 
1.160 13 184 
14 196 1,147 
1.148 14 211 
15 225 1,187 
1.138 15 240 
16 256 1.129 
1.129 16 271 
17 289 1,122 
1.121 17 304 
18 824 1,115 
1.114 18 339 
19 361 1.109 
1.108 19 376 
20 400 1.104 
20 415 
Tas Le III.—Progressive Trials giving the Ratio in which Indicated Thrust increases ~ ‘or each Knot of the given 
Interval of Speed, asswming a Constant Ratio of Increase or Geometrical Progression throughout that Interval. 
(Knots.) 
Ships’ Name. Speed. Speed. Speed. 8 k 
“ Ratio. wr Ratio. Ratio. _— 
Merkarea ... 6.20 9.20 11.09 12.91 
1.187 1.197 1.187 
*Goa ons ie 6.33 9.57 11.78 11.94 
1,214 1.218 1.192 
*South Australian eee 10.99 11.72 12.46 13.20 
1.202 1.193 1,214 
*Victorian oes 9.42 10.41 11.48 12.28 
1,262 1,245 1,248 
Hawea (I.) ove 4.70 7.36 10.45 11.86 
1,204 1,195 1.284 
*Hawea (II.) 5.81 8.37 10.08 11.83 
1,225 1.257 1.276 
Taupo ose 4.90 8.20 10.06 12.44 
1.171 1,198 1,223 
Shah... 5.82 8.01 12.13 16.45 
1.203 1.201 1.184 
Tris (I.) ... 8.00 12.00 15.12 16.58 
1,219 1.165 1,195 
Iris (II.)... ono. one 7.95 11.58 14.52 15.73 
1,195 1.176 1,167 
*[ris (III.) he 8.00 12.00 16.50 18.57 
1.194 1.164 1,150 
*Tris (IV.) os 0 8.00 12.50 16.00 18.59 
1.159 1.164 1.214 
* Additions to the original Table III. 
(om ° 
Fig.7. Fig.2. 
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Curve of indicated thrust deduced from two known values on 

Oo penton that the law of variation is a geometrical progres- 

8 

logarithms of the ordinates, it is evident that equidistant 

abscisse set up as ordinates must have their extremities in 


a straight line, a proof of the convertibility of the two eon: 

Examination of the experimental soto, bowouls, Sede 

to the conclusion thes the renters relation is approximate, 

trials (Table IIL), tint the ‘salle. ot tho praguinten io 
e ral 

for each in algae 


itions seagate 
such a simple law, and it would appear that the 
mation is in a great measure due to the influence of 
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constant initial friction, and the wave-making resistance, in 
modifying the — law of the friction. 

An ex series, as exemplified in the series of 
squares I.) increases at first; at a very rapid rate, 
but the rate of increase diminishes until at last it_becomes 
nearly constant, and the series differs little from a geome- 


tri ya -wE 
The effect of the addition of a constant quantity 
(Table II.), which is most significantat the low speeds, is to 
modify and even efface the rapid rate of increase of the 
of the i series, so that the ap: nt 
rate of increase for these terms may seem to be nearly con- 


terms. 
modified exponential series just described may on 
ut in 


the end the rate Now wave resistance, 
which is of small importance at 8 , gains signifi- 
cance as the speed further to 


» and will so 
pee ge a anna fame croee eat diminish- 
ra’ tralised “ 
verted into an tnereasing ie. rT 


Fig. 3. ; 
Hypotheucal Thrust Gurve or H. M.$."Shah” / 











than counteract the diminishing rate of the exponential 
law, so as to make the thrust for the full s trial 
greater than would be given by the geometri 
sion. 


progres- 





FOREIGN AND COLONIAL NOTES. 

The Mississippi.—The United States Government has 
considered a claim made by Captain Eads in connexion with 
the Mississippi jetties. The question at issue was whether, 

the law, Captain Eads is entitled to full payment for 
the last quarter channel of the river during about 
twenty p a of that time having more or less 
obstructed, owing to ths proper depth not being maintained. 
It was finally decided, upon the recommendation of the 
ay , that Captain shall receive 
25,000 dols., the amount of his claim, subject to a pro rita 
reduction for the time during which the obstruction 
existed. 


French Railways.—The aggregate length of railway in 
operation in France at the close of September, 1879, was 
14,093} miles. This total exhibits an increase of 395 miles, 
as compared with the extent of line in operation at the 
close of September, 1878. 

Canadian Railways.—An application is to be made to 
the Dominion Parliament, in its next session, for an act to 
incorporate a company with power to build and operate a 
line of railway from Sault St. Marie eastward, to connect 
with the Canada Central and Ontario and Pacific Junction 
Railway at or near Lake Nipissing. 


J The German Post Ofice.—It is stated that the German 
J : Postmaster-General is ing & to be presented 
o to the Reichstag, under w the office department 
will have charge of the entire freight traffic of the German 
j ; —~ «ae naeleemee er hate $05. eee 
" i j pubic. 
- i Altoona.—It is that the Pennsylvania Railroad 
' ‘ Company will at Al to commence as 
Terer coun ge he maken hs See py wpe det 
"6X | car w on vacant ground west 
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The | works complain that their establishmen‘ 





repair account. The economy and advantage of the general 
substitution of steel for iron rails continue to be shown by 
an important reduction in the cost of repairs. In 1878-9 
this reduction amounted to 66,193 dols. 


Locomotives on the Madras Railway.—The authorised 
stock of locomotives on the Madras Railway stood as follows 
at the close of June, 1879: Tank engines, 20 ; passenger en- 
gines, 2 ;}goods engines, 136. The actual number of engines in 
running order, June 30, 1879, didnot, however, exceed 125. 
The number of engines repaired during the first half of this 
year was 60. 


South African Harbour Works.—During last month 
some 30 ft. were added to the East London (South Africa) 
breakwater, which, considering the depth of water now 
reached, represents a fair amount of . At the same 
time alength of about 50 ft. was add to each river wall. 
The total of the breakwater is now 1100 ft., and 


400 ft. more have to be added. 


Iron and Steel Rails in Belgiwm.—The Belgian 
Government invited tenders lately for 21,400 tons of 
iron or steel rails for the Belgian State Railways. The 
tenders submitted offered steel rails at 71. 11s. 3d. ton, 
and iron rails at 61. 16s. to 7l. per ton. The Belgian Gove 
ment has bungled over its rail supplies, as it might have let 
contracts upon much easier terms a few months since. 

Locomotive Power on the Madras Railway.—The cost 
of locomotive power on the Railway in the half- 

ear ending June 30, 1879, was 77,9901. as com with 
49,7981. in the half-year ending June 30, 1878. The 
gate distance run by trains in the six months ending _ 
30 this year, was 1,090,532 miles. A further distance of 
404,976 miles was also run by engines during the first half 
of this year in shunting, piloting, &c. 

The Creusét Works.—The company owning the Creusdt 
Works announces a dividend for 1879 at the rate of 8 per 
cent. per annum upon its share capital. A similar dividend 
was paid for 1878. The work done during the past year 
represents an aggregate value of 1,911,7981. 

The Austrian Iron Trade.—It is stated that the general 
improvement in the iron and steel trades has not extended 
to Hungary at present ; at any rate the proprietors of iron 
ts are still without 


a sufficient — + Ft In July prices of iron and 
steel had their lowest point in Germany since 
1873 ; it was only in September that quotations began to 
revive. 

Working Stock onthe Madras Railway.—At the close 
of June, 1879, the Madras Railway Company had expended 
1,195,8751. for working stock. Of this sum 45,3581. was 
expended in the half-year ending June 30, 1879. 
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COAL WASHING. 

(Continued from page 5.) 

WHEN the coal to be treated is exposed to a con- 
tinuous upward current of water, or is allowed to 
fall freely through still water, it is evident that none 
of the particles have the same independence of mo- 
tion as if they were isolated from each other, but 
any interference which may be occasioned in the 
process by the pieces coming in contact with one 
another, will presumably be obviated if more time 
and space be allowed for the process to take. And 
this is found to be generally the case in practice, 
because the material while in a state of suspension 
in the water gradually spreads out sufficiently to 
admit of the heavier pieces slipping past the lighter 
ones, and the separation into “sorts” is thus ulti- 
mately effected, as thoroughly as if no interference 
had taken place. 

It is advantageous that the fall of the material 
through the water, or the lifting of it by an upward 
current, should be of an intermittent character, in- 
asmuch as the flattened or elongated pieces are 
thereby afforded repeated opportunities of changing 
their places, and so of acquiring velocities more 
favourable to their classification according to density, 
than would be the case if the motion were con- 
tinuous, At the same time it must be borne in 
mind that by repeating the initial period of accelera- 
tion—that is, the period during which the bits, 
starting from a state of rest, acquire their limiting 
velocity —the attainment of the desired “ sorting by 
equivalence” is slightly delayed, since the differences 
in velocity between the several fragments’ do not 
reach their maximum until the limiting velocities are 
arrived at. 

It may be admitted then that a regular or inter- 
mittent upward current of water, equally with the 
fall of the stuff through still water, results in a 
practical and convenient ‘sorting by equivalence” 
of the coal to be washed, provided always that the 
action be continued long enough. 

It is scarcely necessary to add that the velocity 
of the upward current in the washers must be pro- 
portioned to the size of the stuff treated, and that 
this velocity should neither exceed nor fall short of 
certain limits ; too strong a current would interfere 
with any classification being effected ; while a. velo- 
city of stream inferior to the particular velocity of 
fall of the larger or denser fragments of coal would 
be incapable of extricating these from the midst of 
the surrounding pieces of shale, It is further requi- 
site that the velocity of the upward current should 
be uniform throughout the whole of the mass of 
stuff, since any differences of velocity at particular 

ints would produce an unequal displacement of 

its which otherwise would fall with equal velocities. 
In respect to the ‘‘sorting by equivalence,” therefore, 
the fall of the stuff through still water appears to be 
attended with greater certainty of action than 
accompanies an upward current of water. This is 
in consequence of the simple fall producing effects 
which are limited, constant, and known, whereas an 
upward current of water needs to be regulated and 
made uniform, thus involving conditions which can 
often be only imperfectly fulfilled. 

If instead of carrying out the sorting of any class 
of coal in the manner just described, the material 
be subjected to the action of an intermittent upward 
current, and the water be then compelled to filter 
downwards through the mass in order to return 
underneath, as for instance in the ordinary piston 
jiggers, the principal action already considered is then 
supplemented by an accessory action, which is of 
great importance to the cleansing of the coal. The 
sorting takes place in the same way as in the case of 
the upward current, or the fall through still water ; 
the large bits of shale and coal naturally collect at 
the bottom of the charge very regularly, and the in- 
terstices between them are occupied by all the small 
pieces of shale, or the bits of impure coal falling 
with equal velocities. The fall in the downward 
current is very rapid, the pieces having in this case 
the velocity of the water itself added to their own 
velocity. Even after the falling stuff has been 
caught upon the sieve of the washer, the return 
downward eurrent of the water still continues, 
causing the small bits of shale and heavy coal to be 
carried along with it through the interstices between 
the larger pieces, and they are thus drawn down 
towards the sieve toa much lower level than they 
would otherwise have reached, These finer particles, 
when once they get down as far the sieve, readily 
pass through it into the water chamber beneath, 
where they become deposited as slimes. 

This effect of this accessory action varies with 








the size of the stuff treated, being greater when the 
charge contains a higher proportion of larger pieces. 
It does not come into play in the upward pulsations 
of the water, because in ordinary working the 
charge of stuff upon the sieve is lifted bodily the 
instant the ascending current begins. The small 
heavy particles, which have already been carried 
by their equivalent fall to a lower level in the 
larger interstices of the charge, are first affected, 
but the downward action also draws a certain pro- 
portion of the small fragments of comparatively 
pure coal into the slime, and thereby ons often 
a serious loss, The process is, however, of great 
use in the treatment of poor slack, that is coal con- 
taining dust of poor quality; but it becomes gra- 
dually wasteful as the quality improves. Naturally, 
too, it must be of much less advan in the treat- 
ment of stuff from which the dust previously 
been separated, its action not being strong enough 
to affect particles larger than a certain definite size. 
Nevertheless, when stuff from which the dust has 
previously been riddled is subjected to this accessory 
action of suction, a considerable percentage of loss 
is liable to accrue; inasmuch as in that case the 
interstices through which the filtration takes place 
are wide and extend high up into the charge on the 
sieve, while, moreover, the fresh dust that is un- 
avoidably produced to a certain extent by the hand- 
ling of the riddled stuff, comes mostly from the — 
——- which is more friable than the shale or shaly 
coal, 

From the foregoing it will be seen that in the 
ordinary piston jiggers a smaller quantity of slimes 
should be produced in treating coal containing a 
larger proportion of slack, because with the 
larger proportion of slack in the charge, the inter- 
stices through it are more limited, and consequently 
the downward current encounters more friction and 
carries less stuff along with it. 

Another important practical advantage of the 
downward action of the current is that it allows, 
and in certain cases even requires, a departure from 
the laws of the mechanical prapersieee of coal, in 
regard to the preliminary riddling, Thus poor 
slack, though not thoroughly sized by previous 
riddling and therefore in a state unfavourable for 
the sorting by equivalence, can be treated success- 
fully in the jiggers by the filtration of the water 
through the charge, and this accounts for the ad- 
mitted superiority in the efficiency of the ordinary 
piston jiggers over other coal-washing machines, 
and which has hitherto been generally ascribed to 
some peculiar knack in working the jiggers by hand. 

In order, however, that this accessory action of 
the downward current may be taken advantage of 
to the utmost extent, it is requisite that poor slack 
should, previous to treatment, undergo a determi- 
nate amount of riddling, beyond, or short of which, 
certain inconveniences arise, If the coal treated is 
too small, it will be less thoroughly cleaned in the 
washing ; if the small pieces have been too com- 
pletely riddled out of it, the loss in slimes will be 
more important, without any better result being 
obtained. With certain descriptions of ‘coal the 
percentage of ash in the washed product may even 
increase as the proportion of small in the riddled 
charge diminishes, It is scarcely necessary to add 
that washers acting by filtration of the water 
through the charge cannot be used for treating the 
mere dust from the riddles by itself; such stuff 
would with difficulty sink through, and in no case 
would the water down through the charge, so as 
to get underneath it again. By way of meeting this 
latter objection a piston lifted mechanically has 
sometimes been substituted for the floating piston 
raised by the return motion of the water itself ; 
but this expedient has not admitted of any consider- 
able reduction being made in the sizes suitable to 
be dealt with, and there is a liability of the water 
to splash, or of the cleaning process being inter- 
fered with by air getting in under the piston. If, 
again, to obviate this further objection, the machine 
be worked more slowly, then the velocity of current 
will be insufficient to separate the shale from the 
larger pieces of coal. ith the usual speed adopted 
in practical working, a charge consisting of material 
below a certain size, remains too short a time in 
suspension in the water to admit of its minute 
particles separating themselves from one another in 
falling, so as severally to uire their own 
proper velocity. Such a charge then floats for a 
longer or shorter time, only becoming gradually 
disseminated, On this account in it is neces- 

that the size of the material should be kept 
large enough to allow of the filtration of the water 





through it in the return stroke of (the piston, The 
limit of size has therefore to be determined by 
practical trial in each individual instance, 

The difficulty thus attending filtration with certain 
descriptions of coal, coupled with the desire to re- 
duce the loss due to suction and to turn out 
a large quantity of washed coal from machines of 
limited dimensions, has led to the application of a 
combined mode of operation and to the use of 
apparatus working continuously and with an over- 
flow. The water then returns underneath the piston 
again, part of it by passing down through the 
charge, and the rest through specially provided 
channels either open or covered, and with or with- 
out valves. The washed coal and the water pass 
off together at the overflow, and are afterwards 
more or less effectively separated by various means, 

In these machines it is clear that no coal should 
be allowed to reach the overflow before the sorting 
has been entirely completed. The discharge at the 
overflow is evidently controlled by the quantity of 
water enpened into the machine. A small machine 
of this class, with an overflow spout, turns out a 
large quantity of stuff, but the coal is badly washed 
unless of a kind easy to clean. A certain absolute 
duration of time is always necessary for the sorting 
by equivalence to be effected, and for a given 
extent of cleaning, the quantity of washed coal 
turned out by any machine, preserves a direct and 
invariable relation to the area of surface of the 
sieve in each individual instance. The overflow may 
therefore be regarded as generally a cause of un- 
certainty and irregularity in the cleaning, and more- 
over an inconvenience to the working. 

In examining the results obtained from coal- 
washing machines, it is unnecessary to consider the 
old plan of washing by a stream of water, employed 
in the same manner as in the German ‘ spitzkasten” 
(or conical vessels, such as are used for emery 
sorting), or on the inclined ‘‘ dead frames” used for 
ore dressing.* Equally Huet and Gueyler’s machine, 
in which the well-known riddle of the Hartz dis- 
trict is poled to the washing of coal, need not be 
considered ; this machine is one which may certain 
be of service under exceptional circumstances, but it 
is inadequate for the general requirements of coal 
mines. Coal washing is divided by M. Marsaut into 
three principal classes, 

The first comprises all those machines in which 
the water absolutely filters through the coal to be 
cleaned ; as in the case of the old piston jigger, in 
all varieties of which, whether seine by hand or 
by machinery, the filtering action comes fully into 
8 as it does also in M. Evrard’s large circular 
washer, and others. 

Machines of this class are specially suitable for 
slack of poor quality ; cam offer the important 
practical advantage of simplifying the preliminary 
riddling, and of dispensing with any special treat- 
ment of the slimes. The accessory action of suc- 
tion is here brought to bear to the fullest extent 
upon the slimes, whereby the highest result in puri- 
fication of the washed coal can be attained. For 
that very reason, however, a serious loss of com- 
bustible matter is occasioned in applying these ma- 
chines to the washing of rich slack, or of small 
riddled stuff from which the dust has been re- 
moved, such as pea, nut, and other sizes of small 
coal of whatever quality, 

An attempt has been made to obviate this serious 
objection by leaving on the sieve of the washer a 

ermanent layer of shale, to save the slimes from 
os a carried down through the sieve; a layer of 
gravel, of greater or less thickness, has even been 
inclosed between two sieves, forming a real filter 
underneath the ordinary charge. ‘These various 
expedients, which are virtually equivalent to using 
asieve of closer mesh, are certainly, for rich slack, 
astep in the right direction: in the first place the 
lifting action of the water upon the charge is thereby 
rendered regular; and next, by the slackening of 
the return current of water through the charge, the 
loss in the slimes is diminished, though unfortu- 
nately only to an extent that still leaves much to b» 
desired, icularly where the piston is mechanically 
lifted, which has the inverse effect of increasing th > 
suction. It is evident, too, that these improvements 
must be attended with some increase in the driving 
power required for working the machine. 

* Nevertheless, similar plans of coal washing by means 
of boxes, or sloping spouts or troughs, are still employed in 
the North of England the Barnsley, om and other 
districts. (See Proceedings of the South Wales Institute 
of Engineers, vol. x., pp- 122—4; and Transactions of the 
North of England Institute of Mining Engineers, vol. xv., 








p. 61.) 


























































































42 


ENGINEERING. 


[Jan. 16, 1880. 








The second class of washing apparatus may be said 
to be of an intermediate character, comprising all 
machines in which the filtration of the water through 
the stuff on the sieve comes only partially into play, 
such as the machines of Bérard, Revollier, Forey, 
Riviére, and others, These contrivances are the 
result of numerous attempts at improvement, and 
have been designed with a view to turning out 
large quantities of washed coal, to working con- 
tinuously by mechanical means, and to treating the 
smaller sizes of stuff which impede the return or 
downward flow of the water through the layer on 
thesieve, For poor slack the preliminary riddling 
must be more minutely carried out, in proportion as 
the downward filtering action of the water becomes 
more and more restricted ; the cleaning of such stuff 
is but imperfectly accomplished, but the process 
becomes more suitable as the slack improves in qua- 
lity. "They thus occupy an intermediate position in 
regard to their advantages, as well as in regard to 
their mode of operation; and the results of their 
working are somewhat indefinite and variable, as is 
the nature of the filtering action that takes place in 
them. If in the return or downward current the 
minute particles held in suspension in the water are 
all strained out of it and deposited in the layer of 
stuff on the sieve, it becomes a difficult and expen- 
sive matter to remove and utilise this deposit. If it 
be left behind on the washed material, by drawing off 
the filtered water at once, the percentage of ash in 
the product will be very considerably augmented, 
particularly in dealing with poor slack; whereas if 
the water be drawn off in a less perfectly filtered 
condition, the loss in the slimes is so far increased. 

The third class of washing apparatus includes 
all plans in which the action is simply that of sort- 
ing by equivalence. This action may be obtained 
in either of two opposite ways; firstly, by employing 
an ascending current of water, continuous or inter- 
mittent, as in the Meynier and Coppée washers, 
and in the latest apparatus of M. Evrard; or 
secondly, either by dropping the stuff into still 
water contained in long tubes in au apparatus of 
the kind tried at Carnoulé (Gard); or else by 
simply letting the stuff descend through still water 
in a fall broken up into a series of short drops, with 
the pulsatory action of a piston, as is done in the 
new washing apparatus designed by M. Marsaut, 
and which will be described later on. 

M. Evrard’s large washer, of which an illustration 
is annexed, is placed in the first division of this third 
class of machines, because, although the alternating 
pressure and condensation of the steam upon which 
its action depends, may occasion in the machine 
to a certain extent, a return or downward current 
through the charge, yet the prevailing action is so 
essentially that of the upward current, that the 
effect can apparently be disregarded of the slight 
downward filtration of water which may occur in 
the rapid working of the apparatus. 

Where the cleaning is desired to be carried to the 
utmost extent practicable, it is evident that in 
washers of this class rich slack only must be treated, 
or else stuff that has been properly sized beforehand 
by riddling. ‘The larger sizes of stuff, such as peas 
and nuts, are accordingly dealt with by this means 
better than duff or dust coal. Though these washers 
act only on the principle of sorting by equivalence, 
they possess the great advantage over the other two 
classes of machines, that they reduce considerably 
the loss in the slimes. By the arrangements adopted 
in some of the washers considerable improvement 
has also been effected in the quantity of washed 
coal produced, as well as in simplification of work- 
ing ani in economy of attendance. 

No perfect washing apparatus of universal applica- 
bility is yet in existence. Owing to the friable 
nature of the unwashed coal, the most correct sizing 
by riddliog cannot render the washing perfect even 
theoretically ; while commercial considerations bear- 
ing upon the degree of cleaning to be effected, upon 
the quality of the coal supplied for washing, and 
upon the nature of the impuritie: sociated with 
it, may cause each system of washiu.; to present, in 
principle, special advantages and disadvantages. 

(To be continued.) 








ENGINEERING PRECE)ENTS. 
By J. Ricwarps, 
(Continued from page 495, vol. geviii.) 
WOOD-CONVERTING MACHINES — concluded. 

I NoW come to notice a matter which will be one 
of surprise, no doubt, tomany ; I refer to Bentham’s 
description of what may be called stop carriages for 
wood-cutting machines, by which laying out is 
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EVRARD’S COAL WASHING MACHINE. 
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avoided. No doubt the same principle is em- 
ployed in various operations in both wood and 
metal working, but for preparing large pieces such 
as railway carriage framing, and as explained in 
Bentham’s specification, this method of working 
has not been in use for more than fifteen years, and 
so far as I know only in the United States. 
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The diagrams, Figs. 22 and 23, will serve to 
illustrate what is meant. Let A represent a piece 
of timber in which mortises and holes are to be 


‘*borer,” as it is called in the specification of Ben- 
tham, ¢ a stop latch which strikes against pins or 
**stops” at 1, 2, 3, and so on. The holes and 
mortises in the piece A are in the drawing numbered 
to correspond with the stop pins which determine 
their position and length ; for example the mortise 
4 is determined by the latch c moving between and 
stopping against the two pins at 4 on the frame. A 
single pin as at 5 answers for a plain hole, because 
there is no movement required. 

The mortises in the piece A are shown at diffe- 
rent heights from the bottom, that is, in various 
positions vertically; such positions are also de- 
termined by stops. A frame carrying the spindle E 
is provided with a set of stops for vertical move- 
ment in the same way as the carriage e is fur- 
nished with them for horizontal movement. In a 
machine operating on this principle the stops 
are not pins but blocks of metal moving in dove- 
tail grooves, so as to be set at any point, and 
when once arranged for the two motions, any 
number of pieces can be bored, mortised, or 
otherwise treated in precisely the same manner. 
This is not all the advantage derived from this 
system, however; in some cases the position of all 
the stops is marked after they have been set for some 
particular piece ; these marks are numbered, and the 
numbers are written in a book for reference, so that 
the stops can be readily set at any time to reproduce 
those particular pieces again. In some cases, one of 
waich has come under the writer’s notice, the diffe- 
rent pieces to be worked, had symbols or numbers, 
and these were printed on pieces of paper and 
fastened on the frame, to determine the position of 
the stops. 





Without further comment, the following quota- 











made as shown at 1, 2, 3, 4,5, 6, and 7. B is the 
main frame of the machine and ¢ a sliding carriage | 
on which the timber A is moved, a is a cutter or | 
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tion from page 39 of Bentham’s specification will 
be given. ‘How to present the same determinate 
parts of a number of similar pieces successively to 
the action of the tool: When the intended stations 
are disposed along the length of a piece. In this 
case fix the piece on a sliding bed in such a manner 
as to be movable in the direction of its length, let 
the sliding bed be furnished with a stop in the form 
of a pin or bolt, projecting, for example, from the 
side, to be inserted or to press itself into holes or 
notches in the bench, one for each of the positions 
required, or, instead of being made in the bench 
itself, these holes or notches may be made in a 
piece of wood or metal, movable in a groove or 
otherwise along the course which the bed is to 
take. In this similar pieces may, at equidistant 
or otherwise corresponding points of their respec- 
tive lengths, be exposed to the actionof a borer; 
for example, a saw, a file, or any tool adapted to 
the hole or incision or mark which they may be 
intended to give. If, as in the above-described 
method of making oblong mortises for example, it 
be required when arrived at any one of the proposed 
stations in a piece instead of being absolutely fixed 
at that station should in order to make a perforation 
or incision so much longer, move to and fro within 
certain limits, the purpose may be effected by giving 
a corresponding extent to the notch or hole within 
which the pin or other projection is for this purpose 
to be allowed to traverse.” 

The later paragraphs in the above quotation 
give evidence of careless printing or correcting, as 
do many others throughout the specification, a 
matter not to be wondered at when the extremely 
technical character of the subject is considered ; 
there was moreover at the time when it was written, 
as the whole text shows, a dearth of those technical 
terms which are now so familiar and useful in similar 
composition, 

In the section on ‘‘ Presentment and Steadiment,” 
from which the above quotation is taken, will be 
found the following respecting concentric chucks : 

‘For this purpose (holding face work) arrange 
in a circular ring as many screws as you please, 
all pointing towards the centre, and furnished each 
with a small cog-wheel, so that a circular cogged 
wheel, bar, or ring acting at once on all these 
wheels by being moved one way makes all the 
screws advance towards the centre, and by moving 
the other way makes them recede from it. Upon 
this principle I have made chucks for turning 
lathes with different numbers of supports, so as 
to embrace a circular or polygonal piece on all 
sides at once, and that in a situation exactly con- 
centric with the axis of the mandrel. I have also 
produced the same effect by a circular bar or ring 
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TRAMWAY LOCOMOTIVE (BROWN’S SYSTEM). 


CONSTRUCTED BY MESSRS, R. AND W. HAWTHORN, ENGINEERS, NEWOCASTLE-ON-TYNE. 


(For Description, see Page 46.) 
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of wedges acting upon the outer end of the 
supports.” 

he above is a very fair description of one of 
the most common as well as the best forms of 
what are known as “‘ American chucks.” The de- 
scription goes on in detail to describe various modi- 
fications of the same implement, and it is almost 
certain that no earlier history of these useful devices 
will be found. 

The descriptive portion of Bentham’s patent ends 
with instructions for clearing away chips and dust 
from wood-working tools by means of currents of 
air artificially produced by means of bellows, con- 
nected with the moving machinery and driven by 
power. As a concluding quotation the following 
declaration is worthy of especial attention : 

‘The several modes of working above spoken 
of are the fruit of my own invention matured more 
or less by practice. The description I have given 
of them is such as, according to the best of my 
judgment, would be sufficient to enable any man 
that chose it to put them in practice to advantage. 
In some of the instances the contrivance is no more 
or less than what any intelligent mechanic con- 
versant in the particular branch of work which it is 
calculated to facilitate, may by the help of these in- 
structions be able to execute for himself, for the 

urpose at least of that particular branch of work. 

n others, especially where the invention is such as 
to comprise a new and entire machine, the assistance 
of a millwright or engineer by profession, whose 
business implies an acquaintance with machinery in 
general, may require to be calledin. ‘These several 
inventions I accordingly claim the exclusive right of 
exercising, and that in all the variations of which 
they are susceptible, and in respect to all kinds of 
materials to which they are susceptible, saving such 
variations in which they may have been already 
practised by others without my knowledge.” 





It will be perceived that this declaration and 








claim contains in substance, and in some cases 
almost in words, the principles on which patent 
grants are now made in most countries. 

Bentham not only discerned the mechanical 
scope of his inventions, but at the same time took 
into account his proper relation to the country and 
people as an inventor. In this matter he was 
perhaps assisted by Jeremy Bentham, his brother, 
who at the time was no doubt first among living 
legislative philosophers, and on whose teachings in 
jurisprudence the codes of England and America 
may now be said to rest, 




















In the quotation it may be noted there is (1) a 
declaration of original invention, that the de- 


(2 
scription is such as to enable a skilled man to make 
and apply the invention, (3) a claim for the inven- 
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tions in so far as not anticipated by others, (4) 
a claim for colourable variations of application or 
modifications which retain the principle or mode of 
operating, (5) the application to different kinds of 
material and work. All of these are fundamental 
points in modern patent law. 

Wood.-converting precedents may be ended by a 
notice of Newberry’s band-sawing machine, shown 
in perspective elevation in Fig. 24. Viewed with 
respect to the circumstances of the present day, 
this invention is among those which should claim 
considerable attention, not only because it stands as 
the undoubted original of an important and exten- 
sive class of machines, but because as a precedent it 
embodies so many of the details and features of a 
useful working implement. 

The framing, which is described as ‘‘ of iron,” 
looks uncouth to modern eyes, but it must be re- 
membered that in 1808, when the drawing was 
made, iron frames of any kind were scarcely known, 
and when employed were of forged iron, joined to- 
gether by the smith’s art. The graceful curves of 
cast-iron framing had not then become an element 
in machine construction, and making due allowance 
for the work being much better than the drawing, 
which was a constant rule seventy years ago, and 
even toa much later date, we must concede that 
the framing of Newberry’s machine was a ‘“ credi- 
table job.” The tension of the saw blades was re- 
gulated by draw-keys shown at HH. The table 
was pivotted for bevil sawing, the centre of move- 
ment being at the point where the saw through 
the table. Feeding rollers, or grinding rollers and 
a radius device for sawing curve pieces, are shown 
in the specification of Newberry, and the machine 
is described as one ‘‘ for sawing wood, splitting and 
paring skins,” &c. 

This last-named purpose, which most people will 
regard as one not falling within the range of band- 
saw operations, is a most important one, never 
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successfully performed until that method was 
adopted. The split and enamelled leather, of which 
a large quantity is imported from America for 
carriage upholstering and other uses, is all —— 
by band saws, or to be more correct, band knives, 
because the edges are not serrated like a saw. The 
bands, or ‘“‘ribbons” as the French call them, are 
made in the most pefect manner with much more 
care than is bestowed on ordinary saws. They 
are stretched horizontally, and are supported 
throughout on the cutting side by thin steel guides, 
which only bare the edge or a part of the blade. 
The leather or hides pass between accurately turned 
rollers, the band knife acting close up to the rollers 
so as to split the leather as soon as it is sufficiently 
released by them. Emery grinding wheels act con- 
tinually on the knives, as in cout calling machines, 
so that a new edge is presented continually 
The operation is indeed a marvellous one, both as 
to speed and perfection of the result, and itis a 
strange coincidence that a machine of the same 
general character should have been invented and its 
adaptation to the purpose described in London 
seventy years ago. Without attempting to follow 
the history of band-sawing machifery since New- 
berry’s invention, we may say that the common claim 
that such sawing was developed in France by Perin 
is scarcely supported by fants. It is true much was 
done in perfecting saw manufacture there, and the 
first general use of band saws for what may be called 
fine sawing commenced in France, but the machines 
roduced have been, down to the present time, no 
etter, and perhaps worse than in some other 
countries. Of this latter matter we could better 
jadge if French machines were more often sent to 
ingland, America, and the Scandinavian countries, 
where sawing is well understood, and where quantity 
as well as quality must be taken into account, 
(To be continued.) 


THE SCOTCH PIG IRON TRADE, 1879. 

Ir is a matter for much congratulation that the year 
1879 closed very much more auspiciously than it opened, 
so far as the Scotch pig iron trade is concerned; and 
when we bear in mind the conspicuous position which 
Scotland has held during thelast forty or fifty years in 
connexion with the commeree and manufactures of the 
civilised world involving the extensive use of iron, we 
cannot remain uninterested in the development of that 
branch of trade in the present crisis in its history ; hence 
we proceed, in accordance with our practice in recént 
years, to take a review of the leading facts brought out 
by the past year’s transaction in the way of prices, make, 
shipments, stocks, &c. Up till the month of August the 
past year showed scarcely anything else but a continua- 
tion of the almost unparalleled depression by which the 
year 1878 was characterised, and, along with it, several 
years immediately preceding—a depression which culmi- 
nated in the failure and most ignominious collapse of the 
City of Glasgow Bank, which was a commercial disaster 
of untold evil to thousands of persons besides those be- 
longing to the purely trading classes of the community. 
Happily, many of those persens who were engaged in trade 
and commerce have “‘ weathered through” and now enter- 
tain a prospect of keeping clear of the ranks of poverty. 
The change for the better which has of late taken place 
in the trade of the country helps to sustain them in the 
hope that happier days are in store for them. A year 
ago there was only a bare hope that the worst was past ; 
now, that isa confirmed reality. 

At the opening of 1879 pig iron warrants stood in the 
Glasgow market at 43s, 3d. per ton, and as low as 42s. 2d. 
was taken during the month of January, Subsequently, 
however, there was an improv2ment in the expectation 
of an improving spring trade setting in, and before the 
middle of March up to 44s, 10d. per ton was paid. 
During that and the following month an increased 
demand for Germany arose in anticipation of the im- 
position of an import duty. At the same time also there 
was a certain amount of derangement of the Cleveland 
iron trade, which was caused by the serions interruption 
of work amongst the miners of the county of Durham. 
But neither of those circumstances had any material 
effect on prices in the Glasgow market. A certain 
amount of speculation took place, and the price of 
warrants advanced to 44s, 6d. per ton on the 23rd of April. 
It was eventually resolved by the German Government to 
levy a protectionist tariff to the extent of 10s. per ton ou 
pig iron, a decision which was looked upon as most likely 
to prove disastrous to the Scoth pis iron trade. Subse- 
quently there was an exceedingly gloomy feeling pre- 
valent, and the price gradually declined until the 8th of 
July, when it touched 40s., which was the lowest price 
accepted for at least a quarter of a century. From that 
point thero was very little immediate reaction, as the 
quotation at the close of that month was not any higher 
than 40s. 6d, Then, however, there began a most extra- 
ordinary change, in the shape of an upward movement 


which seemed to take the iron trade and the country 
generally by perfect surprise. Early in August a most 
unexpected demand set in from the United States for oid 
rails, iron ore, and pig iron, which steadily increased as 
the season advanced, and it was backed up by strong 
speculative purchases, thereby causing prices to advance 
rapidly. At the, beginning of September the sale coal- 
masters of’ Lanarkshire advanced their miners’ wages, 
eyen on the short “darg,” or day's work, at which the 
rs became so displeased that they resolved to 
blow out a third of their furnaces, and to throw a large 
portion of the coal from their pits upon the open market. 
Forthwith the price of warrants rose to 48s. per ton. 
From America there was a continuance of the heavy 
orders, and great excitement ensued in the Glasgow 
market, prices advancing without any material 
check till the 3rd of October, when 64s. was paid. 
Makers’ prices also rapidly advaneed, and an encrmous 
business was done.in warrants. Within the next ten 
days the climax'was reached, and as high as 68s. was 
paid for warrants on the 6th of October. About this 
time there was an additional element of strength mani- 
festing itself, namely, the placing of large orders for 
new vessels with the Clyde shipbuilders, a fear having 
arisen in the minds of many shipowning firms that 
unless they at once placed the orders which they had 
for many months contemplated giving out they would 
have “to pay dear for their whistle.” Then, having 
regard to the improved state of trade—of which they 
were at first in doubt—the ironmasters were, released 
from the bond into which they had entered in regard to 
the blowing out of their furnaces ; and the various firms 
were allowed to blow in as many furnaces as they 
np 0 It was now seen that the advance in prices had 
een far too great and too rapid to be sustained, and the 
consequence was that a number of the speculators at once 
threw their stocks on the market, and so heavy were the 
realising sales which took place that by the 10th of 
October 57s. 3d. per ton was aecepted—a fall of 10s. 9d. 
being made in the short space of four days. Subsequently 
there was a rally to 63s., but prices again rapidly re- 
ceded. It was abundantly evident that. America had 
over-bought its immediate requirements, and the demand 
from the States almost ceased for atime. The price of 
special brands declined to the extent of from 10s. to 15s, 
from the highest point, and the price of warrants touched 
52s. 3d. on the bsth of October. From the point of 
inflation, reached on the day of the climax, a reaction 
was inevitable, and it was sharp and severe during the 
three weeks subsequent to the 6th of October. Large 
advances of wages had been granted to their miners both 
by the ironmasters and the coalmasters, almost without 
any solicitation; but when the tide in the price of pig 
iron had so decidedly turned, they began to take mea- 
sures to reduce the wages. In a number of instances 
the reductions were quietly submitted to, but in others 
the proposal to have all the four sixpences taken off that 
were granted to them by the coalmasters, that such a 
revulsion of feeling was caused amongst the miners that 
they resolved on a kind of action called “ blocking,” and, 
in retaliation, a large number of the coalmasters took 
measures of a somewhat similar character. However, the 
miners employed by the ironmasters gradually accepted 
the “situation,” and the result, so far as they are 
concerned, is a continuance of peaceful work, with, in a 
number of instances, a sliding scale system of fixing 
wages according to the market price of pig iron. When 
the proposal to reduce the wages was made in the month 
of October, it was feared that difficulties might arise 
with the miners, and the consequence was that specula- 
tion in pig iron again set in, and the price of warrants 
advanced to 57s. 3d, by the 6th of November. It then 
receded to 54s. 6d. on the 12th of the same month, but 
as there was evidently a decided improvement in the 
manufactured iron trade, there was a steady upward 
movement in the price of pig iron, stimulated to a certain 
extent by the renewal of inquiry from America. As high 
as 6ls. was paid by the Ist of December, but a sudden 
fall to 58s. took place on the 4th, and for the next fort- 
night there were fluctuations between that price and 
60s. ; then strong American and Continental buying set 
in, and the price of special brands was rapidly advanced, 
the year closing with the price of warrants at 67s., and 
the average price over the year being 47s. cash. 
Notwithstanding the trouble with the miners on the 
wages question, coupled with the blowing-out of one-third 
of the blast furnaces for a time, there was an increase in 
the total production of pig iron over the year to the 
extent of 30,000 tons, as compared with the total make 
of 1878. The year began with 91 furnaces in blast, 
and the lowest number was 67, for about a couple of 
weeks in September, the highest being 100 in December, 
with an average of 88 over the year, as against 90 in 
the preceding year. Those figures show that there has 
been a decided increase in the average make per furnace 
—indeed, that increase has been exceptionally large, the 
average make per furnace per week having been 203 tons 
in 1879, as compared with 193 tons in the year 1878. Sucha 
result has only been attained by the general remodelling of 
the furnaces during the dull times, and by the improved 
system of working them. Incidentally we may mention 
that there are now 154 blast furnaces built in Scotland, 


tion of the close-topped system, so as to utilise the furnace 
gases and economise fuel. Of that number, however, ten 
are at present out of blast. The total make for the past 
year was 932,000 tons, as compared with 902,000 tons in 
the preceding year. With that exception, however, 
coupled with the still more remarkable exception of the 
year 1874, when the total make only amounted to 806,000 
tons, the production of the past year was lower than that 
of any year since 1857, when the total was 915,000 tons. 
The highest make that there has yet been in any one 
year was 1,206,000 tons in 1870; and in seventeen years, 
beginning with 1860, it has amounted to totals ranging 
from 982,000 tons up to the maximum just mentioned. 

Taking both foreign and coastwise shipments, there 

was an increase of 145,000 tons in the past year, the total 
being 540,418 tons. Thedeliveries to England by rail 
were about 15,000 tons less than in 1878, amounting in 
all to 23,182 tons. In the foreign shipments there was 
an increase toalmostevery country or group of countries, 
but it was most striking in the case of the United States, 
the returns for the two years being—1879, 139,497 tons, 
and 1878, 15,691 tons. 
As regards local consumption, there was a marked 
degree of quietness up till the end of August, but 
during the last four months there was a great amount 
of activity in the malleable iron and steel works, and in 
those foundries largely connected with marine engineer- 
ing work ; but with one exception—that of Lochburn Iron 
Works—the large pipe foundries were but very poorly 
employed throughout the year. The results of the year’s 
work show that there were 8000 tons more of Scotch 
iron, but 10,000 tons less of English iron used in 1879 
than in the preceding year. 

The stock in Scotland has undergone considerable 
ehange during the past year. There has been an in- 
crease of the ordinary brands to some extent, but on 
account of the largely increased foreign demand the 
stock of the higher-priced brands has been reduced, and 
instead of the makers’ yards showing large stocks, the 
reverse has taken place, Messrs. Connal and Co.’s stores 
having had a very large addition in the shape of war- 
rants. Altogether the year’s results show an increase 
of stock amounting to 66,000 tons, and that added to 
the stock of 679,000 tons at the end of 1878, gives a total 
of 745,000 tons, which has only been exceeded on two 
former occasions —December, 1863—when the stock 
amounted to 756,000 tons, and December, 1864, when it 
amounted to 760,000 tons. At the end of 1874 it fell to 
96,000 tons, and between those extremes it has varied 
greatly since 1857. 

The prospects of the Scotch pig iron trade are de- 
eidedly encouraging, but into that subject we will not 
at present enter. 








AmeERIcAN Bripge ConsTrucTion.—The Edge Moor 
Iron Company, of Wilmington, Delaware, U.S., have 
recently contracted for two wrought-iron viaducts on the 
Adelaide and Nairne Railway, South Australia, and Messrs. 
Wilson Brothers and Co., civil engineers of Philadelphia, 
have been appointed by the South Australian Government 
inspectors of the work. 





Ea@yptraAn Rattways.—For the information of parties 
interested in the shares of these undertakings, we are able 
to announce that the negotiations with the Egyptian 
Government for the purchase of the whole railway system 
of Egypt are being satisfactorily proceeded with, and we 
understand that Mr. Edward Easton, C.E., who conducted 
the negotiations with reference to the Alexandria Water 
Works, is on the point of leaving England for Egypt to 
assist in completing the arrangements. 





PaTENTs AND TRADE Marxks.—Under the title of 
‘*The Handbook for Inventors and Patentees, &c., con- 
taining information and advice as to the protection of in- 
ventions and the registration of designs and trade marks, 
and the obtainment of British, Colonial, and Foreign Patents 
for Inventions,” Mr. Bristow Hunt, of the firm of Davies 
and Hunt, Serle-street, Lincoln’s Inn, has prepared a handy 
little pamphlet, containing much useful information for 
the classes to whom it is addressed. Amongst other things 
notes are given as to the mode of pr ure for obtaining 
a patent in the United Kingdom, together with information 
as to the cost of such a patent ard of patents in the colonies 
and foreign countries, while particulars as to the protection 
of designs by registration and the registration of trade 
marks are also added. 





Tue INTEROCEANIC RAILwAy.—Mr. Learned and some 
associates, who hold a concession from the Mexican Govern- 
ment for the construction of a railway across the Isthmus 
of Tehantepec, from the Atlantic to the Pacific Ocean, are 
pushing on the works. Competent engineers are being ap- 
pointed, and supplies of materials, implements, &c., are 
being forwarded. The latest movement is the appoint- 
ment of Mr. Van Brocklin, late chief engineer of the Metro- 
politan Elevated Railway of New York, to a similar position 
on the proposed new line. On his arrival out two or three 
strong working parties will be organised. Mr. Van 
Brocklin will be in communication with a local engineer, 
appointed by the Mexican Government, who have signified 
a readiness to co-operate in any manner which will further 
the great object of connecting the two oceans. Mr. G 
Tyng, of New York, is the general agent of the company, 
stationed at the mouth of the Goatzocoalcos river, which 





of which no fewer than 55 are worked on some modifica- 





forms the Gulf terminus of the route. 
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THE INSTITUTION OF CIVIL ENGINEERS, 
PRESIDENT’S ADDRESS. 


At the first ordinary meeting after the Christmas recess, 
held on Tuesday, the 13th of January, the new President, 
Mr. W. H. Barlow, F.R.S., delivered an address, in which 
it was stated that his professional career having commenced 
in 1828, the same year as that in which the Institution had 
received its Royal Charter, he proposed to draw attention 
to the great changes and progress in engineering which 
had arisen since that time. Undeniably, the influences that 
mainly operated on the well-being of this kingdom, and on 
the world at large, were the improvements in the means of 
communication, by the application of steam to locomotion 
on land and on sea, and by the utilisation of some of the 
powers of electricity in the transmission of intelligence. 

For some time previous to 1828, an improvement had 
been urgently demanded in the means of transport for goods 
and minerals. The canals were estimated in 1836, to exceed 
3000 miles in length ; but they were wholly inadequate to 
the wants of the commercial interests at that time. Much 
attention was bestowed on turnpike roads, many of the 
main lines having been brought to a high degree of ex- 
cellence by Thomas Telford, the first President of the 
Institution. Tramways, which existed long before canals 
and in considerable numbers in the mineral districts, were 
mostly of cast iron, and belonged to private owners, few 
being applied to the general purposes of commerce. There 
were also some railways, distinguished from tramways, as 
their name implied, by being formed of rails instead of 
tram-plates ; among which was the well-known Stockton 
and Darlington Railway. The application of steam in 
locomotive engines was in an early experimental stage ; 
and the labours of George Stephenson, in connexion with 
the Liverpool and Manchester Railway, formed the starting 
point of that great railway system which spread its 
network and its ramifications in many parts of the world. 
The system thus inaugurated in 1830 was estimated in 
1875, to have reached 160,000 miles in length, the capital 
invested in their construction having been 3200 millions 
sterling. Since then there had been considerable extensions ; 
and when it was remembered that China had at present no 
railways, that Japan was only beginning to construct them, 
that Africa, with a population of between 350 and 400 
millions, was almost without railways, as well as a large part 
of South America and Central Asia, and that the British 
Colonies were still badly provided, it must be obvious that 
the railway system would continue to increase. It had 
been ascertained that the traffic growth on all the lines in 
the United Kingdom, over a — of thirty-two years, 
had averaged more than 100/. per mile per annum. To 
meet the exigencies of this increase, a reconstruction of 
the permanent way, engines, and carriages had been 
necessary, as well as extensive additions to stations. While 
these improvements had added much to the comfort of 
railway travelling, a complete system of block-signalling, 
the employment of continuous brakes, and the interlocking 
of points and signals, had greatly increased the safety, 
notwithstanding the higher speed, and the greater number 
of trains. The recent most lamentable and unprecedented 
accident at Tay Bridge was at present the subject of a 
searching investigation, which it might be hoped would 
reveal the probable cause or causes that had contributed to 
such distressing results, and thus afford information of the 
greatest value for future guidance. 

The limited number of steam vessels existing in 1828 
were chiefly employed in river and coasting traffic. At 
that time all ships, including ships of war, were of timber. 
Ocean steam navigation had not been attempted, the start- 
ing point of which might be said to have been the almost 
simultaneous voyages of the Sirius and the Great Western 
in 1838. Its commercial success and the extent to which it 
had been carried, were owing to improvements which in- 
volved a greater range of scientific knowledge than the 
constraction of railways, and were due to deep thought 
and unremitting perseverance. By improvements in the 
marine engine, the consumption of fuel had been largely 
reduced ; the screw propeller had taken the place of the 
ver wheel, by which greater advantages in propulsion 

ad been obtained ; and the substitution of iron and steel 
for timber in the construction of ships, combined with a 
better knowledge of their forms and lines (the latter owing 
mainly to the valuable researches of the late William 
Fronde) had enabled vessels to be made of much greater 
strength and carrying capacity. 

The extension of ocean navigation had rendered neces- 
sary a great increase in dock and harbour works, several 
of which were alluded to; but the number of wrecks that 
occurred annually within British waters, seemed to show 
that more harbours of refuge were required on the coasts 
of the United Kingdom, while there was evidence that the 
development of steam navigation was im by an in- 
sufficiency of harbours. This was especially observable in 
regard to the communication between England and 
France. It was satisfactory to learn that the French 
Government was about to improve the harbours on the 
coast of France, and it was hoped that this would be 
followed by corresponding action on the part of the English 
Government. 

The introduction of electricity for the purposes of tele- 
graphy, and more recently for the production of light, and 
lastly, for the transmission of power, was a matter of 
special interest, as being one in which the labours of the 
philosopher, and the discoveries originating in his labora- 
tory, were made directly serviceable “‘ for the use and 
convenience of man.’”’ As in many other discoveries and 
new applications of science, the form which the telegraph 
ulesneeras meoived at the hands of Sir Charles Wheatstone 
and Sir William Fothergill Cooke, and its use to signalling 
on the Blackwall Railway in 1838, had been preceded by 
various su; 
Sir Francis 


tions showing the conception of the idea. 
malds made a telegraph worked by frictional 





electricity, of which he published an account in 1823. A 
much nearer approach to the needle 7) > was an ex- 
ware by the late Professor Barlow (the father of the 
resident), who used a galvanic battery, and deflected 
small compass needles placed in different parts along the 
conducting wire. By this experiment, which was record 
in the Edinburgh Philosophical Journal for 1825, 
Professor Barlow found that considerable loss of power 
arose with increase of length, and he was in consequence 
discouraged from proceeding further than by determining 
some of the laws on which that decrease depended, and also 
the relative conductivities of different sizes of brass or 
copper wire. The large-quantity battery that had been 
employed in his experiments on electro-magnetism was 
used without any coil, and the wires were ung to the 
posts without any insulation: In 1875, the total length of 
wire in operation was estimated at 400,000 miles. Since 
then the Eastern Telegraph Company had extended its 
lines to the Cape of Good Hope; two new cables had been 
laid between France and America, and large extensions and 
duplications of land lines had been made. There were no 
means of tracing the traffic growth of tele hy ; but by 
the introduction of the duplex system and the automatic 
working, together with other ingenious contrivances, the 
traffic must have increased in a far greater proportion 
than the length of wire in operation. The diminution of 
power, arising from increase of length in the conducting 
wire, had been surmounted by relays of power applied at 
fixed stations. By employing this ingenious expedient on 
the Indo-European Telegraph, Calcutta had frequently been 
ut in direct communication with London, a distance of 
000 miles. Another application of the telegraph, now 
commencing in this country, but y in considerable 
use in America, was the telephone, first publicly exhibited 
by Professor Bell at the Philadelphia Exhibition in 1876. 
The power of transmitting the sound of the human voice 
and its articulation, gave it a high scientific interest. Its 
value as a commercial instrument consisted in saving the 
time required to write, transmit, and re-write telegrams. 
The more recent electro-dynamic machines had placed 
lighting by electricity on a totally different footing to that 
on which it formerly stood, and left no doubt of its 
applicability to many important purposes. It was, in fact, 
ready established in lighthouses, where its intensity an 
power were of the highest value,and there were many 
examples of its application in public buildings and large 
shops, in railway stations and open spaces, and for street 
lighting. Whether it could be divided, so as to become 
equally economical and convenient for domestic purposes, 
had yet to be ascertained. The distinction between the 
ae of light and its illuminating power ought not to 
be overlooked. The intensity of a light bore the same 
kind of relation to its illuminating power as the specific 
gravity of a substance did to its weight. The latest appli- 
cation of electricity, namely, for the transmission of 
mechanical energy, was suggested by Dr. C. William Sie- 
mens, who had ascertained that, including all sources of 
loss, 50 per cent. of the original power could be realised at 
a distance of one mile, and that, with adequate provisions 
against heating, it would be no dearer to transmit electro- 
motive power to a greater than to a smaller distance. Sir 
William Armstrong had availed himself of this force for 
working a circular saw placed at a distance of one mile 
from the waterfall which supplied the power. The deep- 
sea sounding-line on board the telegraphj ship Faraday 
was hoisted by mechanical energy thus transmitted from 
the engine; and Dr. Werner Siemens had succeded in ob- 
taining locomotive power sufficient to convey thirty 
persons by similar means. 

4 the action of the City of London, and at a later period 
of the Metropolitan Board of Works, the condition of the 
metropolis has been greatly improved. But during the last 
fifty years the.only additional public communications made 
across the Thames, within the active metropolitan area, 
were the Hungerford Suspension Bridge, since removed 
and replaced by the public footway in connection with the 


Charing Cross Railway Bridge, and the Lambeth Bridge | Go 


and the Tower Subway, the two latter constructed by Mr. 
Peter W. Barlow. The extensive increase of traffic in the 
more commercial part of the metropolis, produced such 
great difficulties at London Bridge, that some other road 
communication to the eastward of that bridge could not 
much longer be delayed. 

The employment of gas as a means of illumination, which 
was in its infancy in 1828, had increased in a remarkable 
degree. The capital invested in gas works, in the United 
Kingdom, was 40,000,0001., of which about 12,000,0001. 
represented the capital of the London Gas Compauaies. At 
the end of 1878, the length of gas mains in the metropolis 
was 2500 miles, and there were about 58,000 public lamps 
for street lighting. In the same year the quantity of coal 
decarbonised was 1,715,000 tons, which produced nearly 
17,500 million cubic feet of gas, besides residual products 
of the value of 745,000. The coal used was about four- 
tenths of a ton per annum per head of the population. Of 
the gross revenue 5 per cent. was derived from street 
lighting, 20 per cent. arose from the sale of residual 
products, and 75 per cent. from private consumers. 

The application of wrought iron in the superstructure 
of engineering works having been touched upon, the 
President remarked that the improvements effected in the 
manufacture of steel assumed the character of new dis- 
coveries, which were tending to revolutionise the iron 
industries of the world. The inventions of Sir Henry 
Bessemer, followed by those of Dr. C. W. Siemens, and 
Mr. Martin, had led to this change. Besides the ad- 
vantages which steel had over iron for rails, wheel tyres, 
and structural purposes, there was a general gain to the 
community arising from the smaller quantity of coal 
required for its production. Thus, to makea ton of iron 
about six tons of coal were necessary, but to make a ton of 
steel three tons of coal sufficed. The production of modern 
steel was a subject which the President had followed from 





d| materials, were very imperfectly understood. 





its commencement with great interest. A Committee of 
Engineers, of which he was a member, made an 
extended series of experiments on steel, and the subject 
had been referred by the Board of Trade to Sir John 
Hawkshaw, Colonel Yolland, and the President. This 


ed | resulted in the rg: gm of a coefficient for steel of 6} tons 


to the inch, that of iron being 5 tons; it being understood 
that for steel of high qualities the coefficient should be 
raised by ment, due precautions being observed in the 
testing. Ithough enough was known about steel for 
ordinary structural purposes, there were properties be- 
longing to that material which greatly needed further 
experimental inquiry. Untempered steel was very like 
good iron in two of its characteristics. First, it possessed 
nearly the same modulus of elasticity ; and, secondly, the 
force required to extend it to the limit of its elasticity, or 
the force at which an appreciable permanent set first 
appeared, was about one-half that required to cause 
rupture. The superior strength of untempered steel over 
that of good wrought iron was proportionate to the 
greater range of its elastic action; and the ratio which 
this penal range of elastic action bore to that of iron 
varied with different qualities of steel. But the strength 
of steel might be greatly improved by tempering in oil, a 

rocess now much in use. Experiments were wanting to 
Siormine what change, if any, arose in the specific gravity 
of the metal when under strain within its limit of elastic 
action. Within certain limits the stretching, either of iron 
or of steel, Lr its original elastic limit, i d the 
strength and the range of elastic action. The process of 
cold rolling was an example of this effect; and steel wire, 
drawn cold, exhibited remarkable strength,—that employed 
by Sir William Thomson in his deep-sea soundings having 
borne 149 tons to the inch. One of the most striking 
applications of the hydraulic press was that introduced by 
Sir Joseph Whitworth by which large inguts of molten 
metal were subjected to a pressure of six or seven tons per 
inch, and the ingot thus rendered perfectly solid and sound. 
At the same works, the hammer was dispensed with in 
large forgings of steel, the red-hot metal being pressed 
into the required form by the hydraulic press. 

In the early days of the Institution, the laws which 
govered mechanical action and forces, and the strength of 
i In the in- 
terval the great advances in practice had been accompanied 
by a marked extension in an accurate knowledge of the 
speteal sciences. Obviously it was most essential that 
engineers should be acquainted with the principles which 
lay at the foundation of mechanical science, and with the 
nature and properties of the materials employed in works. 
It was, therefore, satisfactory to find that many colleges 
now had special departments for imparting instruction in 
applied science, and the increasing area of scientific re- 

uirements rendered it desirable that a yet wider field 
should be given to that class of education. In conclusion, 
the President expressed indebtedness to those men, both 
within and without the profession, in foreign countries as 
well as in this, who by study and experimental research 
were continually adding to an exact knowledge of the great 
sources of power in Nature—that power, the direction of 
which to the use and convenience of man, constituted the 
fundamental element in the Charter of the Institution of 
Civil Engineers, 








MELBOURNE INTERNATIONAL EXHIBITION. — The 
Commissioners for this Exhibition, which will open at 
Melbourne upon the Ist of October, have delegated all 
matters connected with the allotment of space to countries 
of Europe and America to their London committee, of 
which the Right Hon. Hugh C. E. Childers, M.P., is, and, 
during his absence, Sir Henry Barkly, G.C.M.G., K.C.B., 
was chairman. ‘The Commissioners have sent Mr. G. 
Collins Levey, C.M.G., secretary to the Commission, to 
Europe to assist the London committee in their duties of 
allotting space and of securing the co-operation of foreign 
vernments. The Commissioners have within the last 
few days decided that the Exhibition building shall contain 
650,000 square feet of s » of which 400,000 have been 
reserved for Europe and America. The French Govern- 
ment, which will be officially represented, have appointed 
a commission in Paris, have voted 10,0001. towards its 
expenses, and will forward the exhibits in a ship of war. 
Germany hus adopted a similar course, except that its vote 
is 12,0001., and that it is not at present proposed to send 
any vessel of war. The Italian Goverument will send a 
ship of war and will make certain concessions to Italian 
exhibitors, principally in the direction of reducing the cost 
of transport by railway. The United States have ap- 
pointed a commission, and the President has recommended 
Congress to make an appropriation to defray the necessary 
expenses, and the Secretary for the Navy will despatch a 
ship of war. The representation of Holland has been in- 
trusted to a commission, which has had 1200/. of public 
money placed at its disposal. Belgium has appointed a 
commission and will probably vote 40001. towards its 
expenses. Austria and Switzerland have placed the repre- 
sentation of their commercial interests in the hands of gen- 
tlemen to whom they have given official recognition. The 
applications for space are as follow: — France, 75,000 
square feet; Germany, 65,000; Italy, 42,00; United 
States, 30,000; Belgium, 25,000; Austria, 22,000; Hol- 
land, 10,000; Switzerland, 3000; other countries, 10,000. 
The demands for space from British exhibitors amount to 
180,000 square feet. The British Government has ap- 
pointed a Royal Commission, of which his Royal Highness 
the Prince of Wales is executive president, and by its sup- 
port has greatly aided the operation of the Melbourne 
Commission. e are requested to state that all informa- 
tion on the subject of the Exhibition may be obtained on 

plication to the secretary, at the offices of the Agent- 
onaeal for Victoria, 8, Victoria-chambers, Victoria-street, 


a 
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-TRAMWAY LOCOMOTIVE (BROWN’S SYSTEM). 
CONSTRUCTED BY THE SWISS LOCOMOTIVE AND ENGINE WORKS, WINTERTHUR. 
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We have several times had occasion to speak in this 
journal of the arrangement of tramway locomotive de- 
signed by Mr. Charles Brown, the ing director of 
the Swiss Locomotive and Engine Works, Winterthur, 
and in a recent number we mentioned that the construc- 
tion of tramway engines on Mr, Brown’s plans had been 
taken up in this country by Messrs. R. and W. Hawthorn, 
of Newcastle-on-Tyne, at which place one of these engines 
constructed by them is now at work. We this week give 
on page 48 an engraving of the engine just mentioned 
as having been made by Messrs. R. and W. Hawthorn, 
while on the present and opposite pages we illustrate 
another of these engines as constructed at Winterthur 
by Mr. Brown himself. As these latter views are the 


more detailed, we will describe them first. 
As will be seen from Figs. 1 and 2 on the present page, 


























the engine is four-wheeled, the wheels, which are | ft. 
11} in, in diameter, being coupled. The wheel base is 
4 ft. llin. The pistons are not coupled direct to the 
crank-pins but give motion to the wheels through rock- 
ing beams as in the locomotive exhibited at Vienna 
in 1873 by M. Belpaire, this arrangement being one 
which Mr. Charles Brown has developed and used largely 
for small locomotives and with much success. As will 
be seen from Fig. 4on the opposite page each piston 
rod—which is simply guided by carrying an extension 
of it through a suitable guide—is provided with a slotted 
crosshead fitted with a block having a short vertical 
motion in the slot. In this block enters the pin at 
the top of the rocking beam, while the pin at the lower 
end of the beam is coupled to the crank-pin of the cor- 
responding hind wheel by a connecting rod as shown. 


























Each rocking beam oscillates on a centre formed by the 
corresponding end of a stiff shaft which extends across 
the engine as shown in Fig. 2. The rocking beams have 
very large bearing surfaces and the wear of their centres 
is found to be small. 

Thecylinders are 6.3in. in diameter with 11.81 in. streke, 


2 

the tractive force being thus alee lb. for 
each pound of effective pressure per square inch on the 
pistons. The valve chests are below the cylind-rs, as 
shown in Fig. 4, aud the valves are driven by an arrange- 
ment of valve gear designed and patented by Mr. Charles 
Brown, and of which we gave a detailed description some 
time ago (vide page 324 of our twenty-fourth gre 
In this arrangement no eccentrics are used, but eac 

valve spindle is coupled by a link to an intermediate 
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TRAMWAY LOCOMOTIVE (BROWN’S SYSTEM). 
CONSTRUCTED BY THE SWISS LOCOMOTIVE AND ENGINE WORKS, WINTERTHUR. 
Fig.3. 
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point in a pendulum lever, the lower end of this lever 
being attached to the corresponding connecting-rod, 
while the upper end is made to move in a straight line 
path by being connected to the end ofa link forming part 
of a parallel motion. The centres on which the links 
forming the parallel motion move are mounted on arms 
carried by a weigh-bar, the arrangement being such that 
by moving the weigh-bar the straight line path in which 
the upper end of the pendulum lever moves can be made 
either vertical or inclined in either direction. When the 
upper end of the pendulum lever moves vertically the en- 
gine is in mid-gear, while the motions of the valverequired 
for backward and forward gear are given by causing 
the straight line path of the upper end to be inclined in 








the one or the other direction. The arrangement is 
simple, and gives a very good distribution of the steam, 
this action being in fact equivalent to that of an eccentric 
with varying travel. 

The manner in which the cylinders are fixed will be 
understood on reference to Figs. 1, 2, and3. From these 
views it will be seen that the frames of the engine are of 
channel iron, ‘and are considerably below the level of the 
cylinders. Between the frames at the front end is a 
tank which rises above the frame level, and on the top 
of this is mounted a casting to the sides of which the 
cylinders are bolted, as shown clearly in Fig. 3, From 
this view it will also be seen that the casing just men- 
tioned forms an exhaust steam chamber between the 








cylinders, the smokebox resting on this chamber, and 
the exhaust pipe being led directly from it. In the ex- 
haust pipe is placed a valve opening upwards and lightly 
loaded by a spring, the object of this valve being to 
prevent air and dust from being drawn into the cylinders 
from the smokebox when the engine is reversed for 
stopping. The exhaust nozzle, it will be noticed, is low 
down in the smokebox, and two petticoat pipes are 
provided one above the other, as shown. 

We have mentioned that the side frames are of 
channel iron, and it will be seen from Figs. 1 and 2 that 
they are connected behind the firebox by a cross-stay of 
channel section, and at the ends by buffer plates, to 
which very stiff buffer beams are bolted, the outer sides 
of these beams being curved to an are of a circle having 
half the length of the engine as its radius. Outer frames 
of wood are also carried along the sides of the engine, 
as shown in Figs, 2 and 3, these frames, and also the 
buffer beams, being each composed of two thicknesses of 
timber superposed and bolted together. The horn-plates 
or axle-box guides are bolted to the undersides of the 
channel iron forming the main frames, and are stiffened 
by diagonal stays, as shown in Fig. 1. The pair of 
axle-boxes for each axle are connected by pairs of plates 
which extend across theengine. Between the axle-boxes 
proper and the guides are interposed plates fitting tho 
guides, each plate having formed on it a pin or stud, 
which enters the corresponding side of the axle-box, as 
shown in Fig. 2, the effect being that the axle-box is free 
to assume an angular position laterally relative to the 
guides, thus allowing the axles to accommodate them- 
selves to an uneven roadway. This is an arrangement 
of axle-boxes which Mr. Brown has used for some 
years on engines other than those made for tramway 
purposes. 

The engine is carried on helical springs disposed in 
three groups, namely, one at the centre of the leading 
axle, and the two others nearly over the trailing axle- 
boxes, as shown in Figs. 1, 2, and 3. The weight is 
transmitted to the bearings by the plates which we have 
already mentioned as connecting the axle-boxes, 

The boiler has several special features which we 
have had occasion to refer when describing other loco- 
motives made from Mr. Brown’s designs. The barrel is 
very short, and is united to a cylindrical firebox casing, 
which is carried up a considerable height above the 
barrel, as shown by Fig. 1, in which view the highest and 
lowest water levels are also indicated. From these it 
will be seen that the barrel is always full of water, while 
the large capacity of the firebox casing enables a large 
quantity of water to be stored in the boiler at the com- 
mencement of a run, thus reducing the demands upon the 
fire during that run, as no feed need be put on. At the 
end of a run, when the engine is standing, the boiler is 
filled up again, and the blowing off of steam at such 
times can thus be prevented. 

The firebox, which is of copper, is of a somewhat 
curious form, the lower part being cylindrical and the 
upper part D-shaped in plan. The crown of the firebox 
is domed and is stayed direct to the domed top of the 
firebox casing. The grate is inclined, the firebars being 
shaped to a catenary curve on their upper sides, a form 
which facilitates the carrying of an even thickness of fire. 
At their upper ends they are hooked on toa crossbar, while 
their lower ends rest on another crossbar as shown. 
In front of the sloping bars is a short grate which can be 
dropped when required. At the top of the firebox casing 
are a number of finely perforated steam collecting pipes, 
these radiating from a central casting with which the 
main steam pipe communicates. The main steam pipe 
is led off to an external regulator as shown in Fig. 1. 
In the particular engine shown in our engravings, the 
regulator is worked by a handle at the back of the firebox 
casing, but in other of Mr. Brown’s engines intended to 
be worked either end foremost, it is arranged to be 
worked from either end of the engine, and a similar 
provision is also made for the reversing lever. The 
principal dimensions of the boiler in the engine we illu- 
strate are as follows: 


ft. in. 
Diameter of barrel ooo ove 0 
pa firebox casing inside 2 7 
Length of firegrate ove ove ae 
Width Pe ae VF doe 011.8 
Height of crown of firebox above gra’ 
at bottom ‘i és ios -e 3 3.4 
« Number of tubes... sac ane 71 
Length of tubes between tube plates ... 3 1.4 
Diameter of tubes inside one oe 0 1.34 
” »” outside eee ove 0 15 
Internal diameter of chimney... oo Oe 
Heating surface : Firebox oe 11.84 sq. ft. 
” tubes ... seo oso 87.19 5 
Total ins ue «oe 99.08 55 
Sento area ... . a ve eee LL gg 
ue area through tubes disregarding 
ferrules ... on e se «+ 0.695 5, 
Ste ot 235 to total heating page 
area eating 
surface ... oe ses ‘te one: eae 
Ratio of flue area through tubes to fire- eae 


grate area na ove 56d soe 
Ratio of sectional area of chimney to 

firegrate area. owe os ove 1: 8.98 
Working pressure of steam in boiler ...220 lb. per a. in, 
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As will be seen from the views given the engine is 
protected by a neat cab which entirely encloses it. The 
weight of the engine empty is 6 tons 8 owt., and in work- 
ing order 6} tons, the weight being equally distributed 
between the two axles. 

We now come to theexample of Mr. Brown’s tramway 
engine as constructed by Messrs. R. and W. Hawthorn. 
An examination of the side elevation, which we give on 
page 43, will show that in this engine the main features 
of that which we have already described have been pre- 
served, but some modifications have been introduced to 
meet the special requirements of our Board of Trade. 
The chief of these is the fitting of the engine with anair 
surface condenser arranged on the roof the cab, as shown. 
The exhaust steam chamber between the two cylinders is 
provided with a cock so arranged that the exhaust steam 
ean be either sent direct to the chimney or diverted into 
the condenser at pleasure. The condenser itself consists 
of three copper pipes which extend nearly the whole 
length of the cab roof, these pipes being connected at 
their centre to a cross distributing pipe, and at their 
ends to chambers, from which drain pipes are led down 
to a hot-water tank placed between the frames under the 
feed-water tank. This hot-water tank has a cock con- 
veniently arranged, so that it may be emptied when ne- 
cessary, while an overflow pipe is also provided to allow 
the hot water to escape during the journey if the tank 
should become filled before the driver opens the waste 
water cock. 

Tho engine constructed by Messrs. Hawthorn has cy- 
linders 54in. in diameter by 11j}in. stroke, while the 
wheels are 1 ft, 114 in. in diameter, and the wheel base is 
4ft. llin, The total length of the engine is 11 ft. 8 in., 
and the width over all is 6 ft. 4in., while the feed tank 
holds 110 gallons, and the weight of the engine is 
53 tons. The working gear is all enclosed, a part of 
the screen being shown removed in our view on page 43. 

A number of Mr. Brown’s engines have been put to 
work on various tramway lines on the Continent with 
excellent results, and we shall watch with interest the 
success obtained with them here. The manner in which 
the cylinders and valve gear are kept well raised out of 
the dirt and brought within the view of the driver is a 
great point in their favour, while their design also 
embraces many other features of value. We may add in 
conclusion that a paper on these tramway locomotives 
will be read next week before the Institution of Me- 
chanical Engineers, on the occasion of the London 
meeting of that body, by Mr. B. C, Browne, of the firm 
of Messrs. R. and W. Hawthorn, and in this paper, which 
we shall publish in due course, full particulars of the 
latest results obtained with these engines will, no doubt, 
be given. In view of the present aspect of the applica- 
tion of steam power on tramways, Mr, Browne’s paper 
should excite considerable interest, and lead to a valuable 
discussion. 





THE MATINA RIVER BRIDGE. 

We published in our last issue some of the drawings 
of the bridge recently constructed by Messrs. Handyside 
and Co., of Derby, to cross the Matina river, in Costa Rica, 
and in our present issue we give the remaining illustrations 
of this work. The bridge, which forms one of three on 
the new railways of Costa Rica, was designed by Mr. M. 
am Ende, of 3, Westminster Chambers, Westminster, 
and possesses somo special features worthy of notice. As 
will be seen from the two-page plate in our last issue, 
it consists of three main spans of 155 ft. each, and 
seventeen spans of 65ft. The details of the main spans 
are shown in Figs. 2, 3, 4, and 10 to 42 (see page 27 
ante, and the two-page plate in our current issue). As 
will be seen from these engravings, the depth of the 
girder in the centre is 23 ft. 4} in., the depth decreasing 
to 19ft. 3pin. at the end panel, from which the top 
member is carried down diagonally to the transverse 
connecting girder at the end. Each girder is divided 
into six open panels. The verticals in these panels 
are formed of three angle-irons 2} in. by 2} in. by 
js in., and a web-plate 9 in. deep by 5. thick, and 
the diagonals are shown in detail in Figs. 33 to 42. 
They consist generally of two flat bars 7 in. by 2 in. 
forming top and bottom flanges, and having rivetted to 
them angle-irons 2} in. by 2} in. by } in. These are placed 
some distance apart and are connected by diagonal flat 
bars 2 in. by } in. rivetted to the angle-irons, The mode 
of connecting tothe top and bottom flanges of the girder 
is shown in the details, and it will be seen from Fig. 30 
that just above the bottom flange the liagonals are con- 
nected by angle-irons 34 in. by 3} in. by $ in., one placed 
on each side. Fig. 32, which is a cross section of half the 
bridge, shows the construction of the vertical posts of the 
panels, and also the main girder flanges, which are of a 
trough form, the plates being placed 9 in. apart and 
stiffened with angle-irons. The same figures show the 
connecting plates attached to top and bottom flanges for 
completing the connexions with the diagonals. Figs. 23, 25, 
and 26 indicate the horizontal diagonal bracing between 
the top flanges of the girders, amd whieh consists chiefly 
of angle-irons 3 in. by 3 in. by } in. and at the occur- 
ronce of each panel of a beam crossing from one girder 
to the other and built up of two angle-irons 3 in. by 
3 in, by % in., and a web plate Gin. deep and 4, in. 
thick. These are connected to the flanges by gusset 








plates as shown. The vertical diagonal bracing is also 
shown in Figs. 4 and 32. It is formed of intersectin; 
angle-irons 3 in. by 3 in. by % in. rivetted to the vertic 
posts of the panels. The plan, Fig. 2, shows the ar- 
rangement of the horizontal diagonal bracing underneath 
the flooring, and also the method adopted of at- 
taching it to the bottom flange. The same figure 
shows also the spread of the girders over the piers, and 
Figs. 13 to 16 are details of this portion. The width is 
increased from 13 ft. 4} in. between centres of girders to 
14 ft. 94 in. over the piers, the width between the flanges 
being increased as shown. The flooring is carried by trans- 
verse girders and longitudinal bearers. The former are 
shown in Figs. 11 and 32. They are placed about 
18 ft. apart, and arg 133 in. deep at the ends, increased 
to 2 ft. in the centre, the upper face being curved up- 
wards as shown. The web plates of these girders are 
ys in. thick, and the top and bottom angle-irons are 3} in. 
by 3}in. by ;, in. The web plates are continued parallel 
to the ends (Fig. 32), and they are attached to the vertical 
parts of the panels by angle-irons 3 in. by 3 in. by 3 in. 
The longitudinal bearers, Figs. 10, 11, and 12, run through- 
out the whole length of the bridge and are rivetted up 
to the cross girders 4 ft. 6 in. apart. They are 2 ft. 1 in. 
deep and are formed of a}in. web plate and top and 
bottom angle-irons 3 in. by 3in. by #;in. The rails 
@ ft. 6 in. gauge) are carried ou timber bearers placed 

1} in. apart resting on the longitudinal bearers and 
bolted at the ends to the outside of the flange of the 
main girder (Fig. 32), a block being interposed between 
the underside of the bearerand the flange, Fig. 12 shows 
the intermediate stiffeners placed between the longitu- 
dinal bearers. The ends of the girders are supported on 
bedplates, one fixed and the other on rollers. _ These rest 
on castings placed on the top of cast-iron cylinders 8 ft. 
in diameter and filled with concrete. Fig. 60 is a section 
of the top of one of these cylinders, Figs. 54 and 55 show- 
ing the cylinders for the end spans which are of smaller 
diameter at the top. 

The remainder of the Matina Bridge consists of seven- 
teen small spans illustrated by Figs. 5 to 8, and 44 to 59. 
These spans are remarkable for their lightness, weighing 
as they do, less than.20 ton perfootrun. As will be seen 
from Fig. 5 each arch consists of two triangular frames 
hinged together in the centre and resting at the base in 
cast-iron bedplates recessed into the cast-iron cylindrical 
piers (Figs. 5, 6,8, and 57, 58, 59), and bedded in concrete. 
The main parts of the framing are formed of angle-irons 
7 in. by 3} in. by $ in., stiffened opposite O P, Fig. 5, by 
angle-irons 3 in. by 3 in. by 3 in. The same figure also 
shows the mode of bracing and the dimensions of the 
angle-irons used for this purpose. Figs. 52 and 53 are 
details of some of the principal connexions, and Figs. 48 
and 51 show the arrangement of the central pin joint. 
The girders, which are 14 ft. 9} in. apart at the base 
Fig. 8), converge to the level of this joint, where they 
are 8 ft. 4in. apart. The arrangement of transverse 
bracing is shown in Figs. 6 and 8 The central cross 
girder differs from the others (see Fig. 48). It is parallel 
18 in. deep with a } in. web, surrounded by angle-irons 
3in. by 3in. Zin. At each end a casting is rivetted, 
carrrying a pin 3} in. diameter, which passes through the 
covering plates which connect the main angle-irons of each 
half span (Fig. 51). The joint is completed by a washer of 
the form shown in Fig. 48, secured by a nut over the cover 
plates. The other cross girders, of which there are four 
to each span, have a different form. They are shown in 
Fig. 50, and are for the greater part of their length of the 
same depth as the central girder, but are contracted at the 
ends until at the junction with the main girder, the angle 
irons are in contact. Fig. 50 shows the connexion by means 
of a } in. plate and angle brackets; the same figure also 
shows the connexions of a part of the vertical and horizontal 
tranverse bracing. Figs. 44 and 45 are details of the con- 
nexions between the large and small spans; it will be 
seen to consist of an angled bracket rivetted to the end 
of the main girder, and passing to the smaller girder. 
A horizontal diagonal bracing of flat bars, 4 in. by 3 in., 
is also introduced. As in the main span, the floor is car- 
ried by longitudinal bearers, but they are of a different 
form (see Figs. 47 and 49), being 1 ft, Gin. deep in the 
middle, with a curved bottom flange, and reduced to 6 in. 
at the ends, where they are attached with light brackets 
to the cross girders. These longitudinal bearers extend 
the whole length of the bridge, and an expansion joint is 
introduced in each span. The form of this joint is shown 
in Fig. 48. The timber bearers which rest on the longi- 
tudinals, are placed 2 ft. apart from centre to centre 
(Fig. 47). Fig. 8 shows the form of these bearers, which 
project beyond the girders on each side. The rails are 
laid on these bearers, and are protected by guard rails. 
On page 55 we publish the diagrams of strains from which 
this structure was computed. 








THE NEW YORK ELEVATED RAILWAY. 

On pages 50 and 54 we publish two more illustra- 
tions of different types of construction employed in 
the New York Elevated Railway, constructed by the 
Phoenixville Bridge Company, of Philadelphia. We 
shall take an early opportunity of publishing further 
engravings, with a description of this remarkable and 
interesting work. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—The warrant market was 
excited last Thursday, as there seemed to be large orders 
on hand amongst ers, which were reported to be chiefly 
on American and German account. The German and other 
brokers were very active, and it was hinted that they were 
preparing for the spring trade. Business opened as it left 
off on the p ing day, at 68s. 9d. cash, and by the close 
of the forenoon market 69s. 9d. cash was paid, and there 
was an equal rise from 69s. to 70s. 3d. one month. Sellers 
closed at the highest prices, and buyers were 14d. under. 
In the afternoon a further advance took place, from 
69s. 9d. to 70s. 6d. cash, and from 70s. 3d. to 71s. one 
month, the market closing with sellers at 70s. 6d. cash 
and 71s. one month, and buyers lid. under. This is the 
first time that over 70s. was paid for warrants during the 
past five years. March, 1875, closed at about the 
touched last Thursday. At that time the stock of pig iron 
was about 100,000 tons, and the furnaces in blast num- 
bered 121 ; at the present time the stock amounts to about 
750,000 tons, and the number of furnaces in blast last week 
was 100—now 101—there being an additional one blown in 
at Calder Iron Works, as against 92 at this time last year. 
The price touched last Thursday was 2s. 6d. over the 
highest figure paid a the panic of the past autumn. 
Friday’s market continued to show further strength in the 
morning, and prices soon gained another 1s. per ton. 
There was a weakness towards the close, and half of the 
advance was lost. The quotations started at Thursday’s 
closing figure, 70s. 6d., and steadily improved to 71s. 6d. 
cash, and from 71s. to 71s. 103d. one month, the market 
closing with sellers at the higher figures, and buyers at 
lid. less per ton. In the afternoon as high as 71s. 7}d. 
cash was paid, but prices came down to 71s. cash, and 
from 72s. 3d. to 71s. 6d. one month, and buyers 14d. less ; 
even then they were still 2s. 6d. over the previous week’s 
final quotation. A stronger and even more excited con- 
dition of things showed itself in the pig-iron market on 
Monday, and an advance of 2s. 2d. was s , and prices 
closed near the highest point. In the forenoon business 
started with an immediate rise of 1s. 3d., at 72s. 3d. cash, 
and then went up 6d. further, to 72s. 9d. cash, and from 
73s. 14d. to 73s. 9d. one month, closing buyers at 72s. 74d. 
cash and 72s. 10jd. one month, and sellers 3d. over. 
From 72s. 44d. to 73s. 2d. cash, and from 73s. 1}d. to 
73s. 9d. one month were the quotations in the afternoon, 
and the market closed with sellers at 73s. 14d. cash and 
73s. 9d. one month, and buyers 1$d. less. The warrant 
market suffered a rather smart reaction on Tuesday, and 
me closed near the lowest quotation, 2s. 8d. per ton under 

onday’s highest. The market opened very firm, with a 
large business done at 73s. 14d. cash to 73s. 6d. fourteen 
days, receding to 72s. cash, then improving to 72s. 6d. cash 
in a few days paid, and closing there. Business opened 
steady in the afternoon at 72s. 6d. cash, receding to 72s. cash, 
and again to 70s. 9d. cash, improving to 72s. one month, 
but quickly went down to 70s. 7}d. cash and 71s. 14d. one 
month for buyers and sellers asking 3d. per ton higher. 
Makers announced the following advances in prices yester- 
day : Gartsherrie No. 1, 5s. per ton, Eglinton No. 1, 4s. 
per ton; and No. 1 Langloan, Shotts, and Dalmellington 
each 2s. 6d. per ton. The market was flat at the opening 
this forenoon, when business was done at from 70s. 6d. to 
69s. 9d. cash, improving to 7ls. 3d. cash. Business was 
also done at from 70s. 6d. to 72s. one month, and at the 
close there were sellers at 71s. cash and 71s. 9d. one month, 
buyers very near. The afternoon market was quiet— 
buyers 71s. cash, and sellers 3d. per ton more. There was 
some fear in the course of last week that possibly as there 
was a slight lull in the American demand the advancing 
— would again check business ; but an intimation from 

essrs. Merry and Cunninghame of a further advance in 
the price of makers’ iron early on Thursday completely 
changed the tone of the market, the buying becoming as 
eager as ever and of a most substantial character, notwith- 
standing the rapid advances. Over the week there was an 
advance of 7s. 6d. Pm ton for No. 1 special brands. There 
has been a great deal of buying on American account, and 
fresh orders for immediate shipment are coming to hand 
daily. Someof the brands that are most in favour in 
America are now exhausted in makers’ hands and recourse 
has to be made on the stock in the warrant stores. The 
difficulty in obtaining special brands in sufficient quantit 


is throwing the demand on the commoner brands, whic 
will probably cause the storing to cease shortly. The 
stock with Messrs. Connal and Co. in the public warrant 


stores up till last Friday night was 425,575 tons, being an 
increase for the week of 3825 tons. Last week’s shipments 
of pig iron amounted to 6689 tons as compared with 6069 
tons in the corresponding week of last year. 

The Forth Bridge.—It is highly probable, says an Edin- 
burgh paper of to-day, that an application will now be 
made to the Board of Trade by the promoters of the Forth 
Bridge scheme for power to lower the height of this struc- 
ture. The height at present arranged for is 150 ft. above 
high-water mark; but in view of the accident that has 
occurred at the Tay, it is thought possible that the Board 
of Trade may be induced to agree to the level being reduced 
to the extent perhaps of 10 ft. or 15 ft.—an alteration in 
the a would, it is pointed out, merely necessi- 
tate the lowering of top-gallant masts by some of the larger 
vessels trading with the ports further up the Firth. In 
the mean time, arrangements are being pushed forward in 
order that the contractor may begin his work without 
delay, notices having yesterday been ordered to be served 
on Roseberry, intimating the company’s intention of 
taking possession of the ground near Queensferry required 
for the erection of workshops and other purposes. The 
probability hinted at some time ago of the contract for the 
wy» Beha grag of the material being secured by 
a 





» has, it seems, been realised . In seeking 
tenders for the “‘ mild steel’”—the steel of second-class 
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uality to be used in the girders and in other of the 
Senate —Mr. Arroll had originally in view the likelihood 
of a large English firm securing the contract. The offer of 
that firm, however, not having been finally adjusted, was 
withdrawn after the rise took place in the price of steel; 
and at this point an agent connected with Krupp’s great 
iron and steel works at Essen steppedin, and s in 
completing an agreement in terms of which all the steel of 
the kind in question will be brought from Germany, 
Institution of Engineers and Shipbuilders—Graduates 
Section.—At the usual monthly meeting of the Graduates’ 
Section of the Institution of Engineers and Shipbuilders 
in Scotland, held last night, the subject of the Tay Bridge 
disaster was brought up for discussion. In consequence of 
the great interest of the subject the attendance of members 
was the greatest hitherto known. Mr. James Meldrum, 
C.E., secretary to the section, read an exceedingly interest- 
ing paper on the probable cause of the fall of the Tay 
Bridge. erred to various theories of the fall of the 


He ref 
bridge, and concluded that a pressure of 36 Ib. per square 
foot wal sufficient to overturn the whole stracture He 
suggested that owing to insufficient bracing in the columns, 
the bridge gave way before that pressure was put upon it. 
At the‘eonclusion of the — Messrs. M‘Currich, C.E., 
David Johnstone, and Wight made some pointed and sug- 
gestive remarks, and the discussion was adjourned to next 
meeting. 

Shipbuilding. Contract. — Messrs. Scott and Co., 
Greenock, have received an order for two steamers 
of 1500 tons each, for Messrs. Butterworth and Swire, 
London and Shanghai, to be employed in the China coast- 
ing trade. They will be supplied with surface condensing 
engines of 160 horse power with all the latest improvements, 


by the Greenock Foundry Company ; and the boilers will be 


be fitted with Foxe’s patent corrugated furnaces, manufac- 
tured by the Leeds Forge Company (Limited). 


Royal Scottish Society of Arts.—This society met on 
Monday night, Mr. George Blanshard, president, in the 
chair. The first communication read was one by Mr. John 
Kirkwood on a new file for soft me and wood, in- 
vented by Messrs. J. and W. Kirkwood, Leith Walk. 
The file was formed of about 200 separate plates of steel 
connected by an iron bar passing through them, and bound 
together by a screw. The advantage claimed for the tool 
was that all filings of soft metals or wood could be got rid 
of by simply loosening the screw, and thereby separating 
the plates, this being done with very little delay or incon- 
venience. Each file, it was claimed, would last for three 
years, outwearing 30 dozen ordinary files. The cost of 
these would be 36/., so that the saving by using this new 
file would be 321. It was also claimed that the new tool 
performed quicker and better work than the cut files in 
ordinary use. The invention was referred to a committee. 
A pa was next read by Mr. Henry Shiels, foreman 
coachbuilder, on an improved patent carriage axle. Con- 
siderable discussion took place on the improvements em- 
bodied in the invention, which was also remitted to a com- 
mittee. Mr. Alex. Maclean exhibited and explained a new 
railway cash transmission box for use on the North 
British Railway; and the same gentleman also made a 
communieation on the Crossley transmitting telephone, 
which he exhibited in operation, the other end of the wire 
being at Albany-street-lane. 


Trial a of the Steamer Cosmos.—On Tuesday, last 
week, the official trial trip of the paddle-steamer mos 
took place, with the most gratifying results, the speed 
attained being 15 knots per hour. This steamer, built for 
the Messageries Fluviales & Vapor of South America, by 
Messrs. A. and J. Inglis, Pointhouse, presents some features 
of striking novelty, and is, without doubt, one of the 
most completely appointed steamers which have ever 
left the Clyde. er hull is steel, manufactured by 
the Steel Company of Scotland, and her dimensions are 
—Length, 250 feet; breadth, 29 feet ; over sponsons, 
33 feet ; depth, moulded to main deck, 11} feet; gross 
tonnage, 1003 tons. She has acommodation in sleepin 

berths, on three decks, for 164 first class and 54 sonend 
class passengers. The chief saloon, which is on the spar 


deck, is beautifully decorated and yo geortanena and con- | fi 


tains a piano for the amusement of the passengers. The 
larger number of the first class passengers are accommo- 
dated in roomy state cabins. The vessel is lighted by 
eight electric lamps on the Jablochkoff system. The 
effect of the lamps was much approved by the guests at the 
trial on Tuesday, and the extension of their use in steamers 
was confidently predicted by several gentlemen _inte- 
rested in shipping. The Cosmos is fitted by Messrs. Brown 
Brothers of Edinburgh with a complete set of hydraulic 
apparatus, comprising reversing gear for the main engines, 
warping capstan, steering gear, and cranes for the loading 
and discharging of cargo, the latter being a most important 
innovation in a passenger steamer, their noiseless action 
being in pleasing contrast to the rattle of steam-winches. 
The Cosmos has been built under the direction and super- 
intendenece of Mr. Thomas Elsee, one of the owners, and is 
the ninth vessel built by Messrs. Inglis for his firm. 





NOTES FROM SOUTH YORKSHIRE. 
ors? SHEFFIELD, Wednesday. 

Chamges.im the Iron Trade.—The past week has been one 
of great activity in the iron trade. South Yorkshire iron- 
masters have been with orders for raw material and 
also for the: red article. Hematite irons have 
risen 5s. in value, and leading houses haveeven imposed a 
further 10s. per ton for special brands. Those en; in 
the manufactured iron trade are issuing circu an- 
nouncing increases, which vary from 8 to 12 per cent. The 
mills are now running full time, and there is an anticipation 
of further advances. In the steel trade the same firmness 
is noticeable. Large contracts for railway material are 





known tobe in the market, and manufacturers are de- 
clining to commit themselves forward. Rails, which four 
months ago only ‘fetched 41. 12s. 6d. per ton, are now sold 
cautiously at 81. 10s. 


Engineering Trades.—Since the commencement of 
activity in the heavy trades,.engineering houses have been 
busy, and atthe present time there is not a “‘ spare hand,”’ 
work being found for all employés. Representations are 

i ie by some of the men for an advance of 4 
but as yet the movement is not general. In Sheffield e 


some 1700 working engineers are employed, so the question | at the 


to be decided is an important one. The ing 
establishments are doing a brisk trade, mostly on heavy 
machinery for the mills, but I hear of little improvement 
in the locomotive department. Tyres, axles, and sprin 
are, however; fairly ordered, and these branches, whic 
from some months past have been depressed, are again 
active. Yorkshire Engine Company’s shares have each 
increased 6/. during two days. 


Another Colliers’ Dificulty.—This week a special meet- 
ing of colliers’ delegates has been held in Chesterfield. 
The men hold themselves aloof from any union, and they 
are about to issue a circular on behalf of the 10,000 men 
whom they represent requiring a rise of wages from the 
colliery proprietors. 

rly 


Derbyshire Institute of Engineers.—The quarte 
meeting of the Chesterfield and Derbyshire Institute of 
Mining, Civil, and Mechanical Engineers was held on Satur- 
day last at the Stephenson Memorial Hall. Lord Edward 
Cavendish occupied the chair, and amongst those — 
were Mr. T. Evans, inspector of mines, and Mr. A. Stokes, 
assistant inspector. Referring to the prospects of trade, 
his lordship said, ‘‘ I am of opinion that there is about to 
a revival in the iron trade, and in all probability in 
connexion with this revival there will be an inc de- 
mand for coke. Under the circumstances I think it very 
desirable that some member competent to deal with the 
subject should prepare a paper on coke. In the North of 
England they are just commencing to use a new species 
of coke oven quite different to the ovens which have hitherto 
been used, and I am informed that vast improvements will 
shortly be introduced in the making of coke.”’ 





NOTES FROM THE SOUTH-WEST. 

Newport.—There is a decided improvement in trade here. 
Prices of coal are hard, and likely to advance. Long time 
contracts, as a rule, are refused, except at largely increased 
prices. Freights are lively, and the tendency is upward. 
A —_ quantity of iron is going forward from this port 
and Cardiff to the United States, including rails (old and 
new), pig iron, spiegel, steel bl , and scrapiron. The 
County of Caithness, a four-masted iron cli ship, has 
arrived to take a cargo of coal to Calcutta. is is a sister 
ship to the County of Haddington, loaded a few days since. 
Many large ships have been chartered to load here during 
the present and next month. The Bilboafleet, which has 
been beneaped, is expected to arrive in the course of the 
current week, when large quantities of iron ore will come 
to hand. The quantity of iron ore received last week was 
8495 tons, as against 4288 tons in the previous week. The 
exports of iron last week from Newport were 1047 tons, as 
against 3793 tons in the week before. 


Projected New Forts.—Some new fortifications in the 
neighbourhood of Titchfield and Fareham, which are re- 
quired to ome ete the defences of Portsmouth, on the land 
side, and which it was recently believed were to be at once 
constructed, will not be proceeded with. The necessary 
land has been selected and surveyed, but this is now under- 
stood to be intended only to mark the required sites, and it 
is not proposed to fortify them until there arises a greater 
probability than at present exists of the fortifications— 
which, in such a case, would, we presume, take the form of 
earthworks—being needed. 

The Rhymney Valley.—At the house coal collieries of 
this valley work still continues good, while the demand for 
coke increases. In addition to supplying local firms with 
coke, some of the coke made is sent off to Staffordshire 
rms. Prices have not advanced anywhere. At the 
White Rose Colliery, New Tredegar, a great many coke 
ovens are being worked, and others are being got ready as 
fast as possible. 


Plymouth Hoe Pier.—The plans of this proposed. pier 
show a handsome structure 500 ft. long from the sea wall. 
The pier will be carried on cast-iron columns, with lattice 
girders, and the buildings at the head of the pier will be of 
an ornamental character. Yachts and steamers will be 
able to lay alongside, and landing from boats will, of course, 
be possible at all states of the tides. The contract is let, 
although it cannot be signed until the sanction of the Town 
Council has been obtained to the erection. Messrs. W. 
and J. Pickering have agreed to construct the pier without 





15,375 tons. The falling off arose mainly from the stop- 
page of the guano and nitrate imports through the war be- 

ween Peru and Chili. It is an encouraging fact that in 
most other respects the traffic at the docks has kept nearly 
ona par with that of the previous year; and since the 
revival in the iron trade, several thousand tons of old rail- 
way and scrap iron have been shipped to America. 


Cyfarthfa.—Hands are still rted to be short ‘at 
Cyfarthfa ; but, on the other , we hear of two fresh 
furnaces put inte Sindh, one at Ynysfach and another 

portion of the works, while it is also 
Se ee eee & be rebuilt and 


ca ry yo that a veck gen gl the 
larges pments o ever e in one week from 
Penarth, viz., 39,721 tons. : 


Bristol Locomotive Building.—The Avonside Engine 
have received large orders for locomotives from 
India and New Zealand. 


Swansea.—The demand for steam coal is good, but prices 
remain as low as ever, 8s. 6d. per ton for double, and 
8s. per ton for colliery screened being the highest f.o.b, 
prices obtainable; in many instances sales have besn 
effected under these prices. Small coal for metallurgical 
payee is in good demand at improved prices. In the 
anthracite branch colliery proprietors continue to make 
contracts for lime-burning coal for the forthcoming season 
at 6s. 3d. to 6s. 6d. per ton f.o.b., at Swansea or Llanelly. 
The recent advance in iron and tin i is maintained ; 
further improvements may be expected, as manufacturers 
decline to make contracts ahead at current prices. Coke 
has improved in price again, and is in great demand, best 
foundry being worth 17s. per ton f.o.b. at Swansea. 

Tradein the Forest of Dean.—Trade is brisk at the 
iron furnaces of Messrs.Crawshay. Tin plates are still in 
active demand at enhanced values. At Parkend a second 
set of men has been started. These works, as will be re- 
membered, have been leased by Mr. C. Morris, son of Mr. 
D. Morris, of the Vernon Tinplate Works, Briton Ferry 
and the local manager is Mr. Davis. Iron wire is in good 
request, and the forges are in full swing. 


Cardiff.—The coal trade at this port shows a decided 
improvement, the demand both for steam and house qualities 
pan | much increased. Several contracts have been 
settled for the ensuing six months. A large amount of 
stock is lying on the quays, and nearly five miles of trucks 
are waiting to be unloaded on the east of the Bute Docks. 
The total quantity of coal despatched from the port last 
week was 129,122 tons, of which 101,524 tons went to 
foreign ports. 


, Fret Enetne ror H.M.S. “Sunran.’’—On the 13th 
inst. the concluding trial of the steam pumping engine and 
steam fire engine constructed by Messrs. Shand, Mason, 
and Co. for H.M.S. Sultan, took place on board that ship 
at Portsmouth Dockyard. The order for the pumping 
engine was given in consequence of the satisfactory results 
attending one designed by the same makers for H.M.S. 
Hercules, which has been in use in that ship since March, 
1878. In addition to the pumping engine, a powerful steam 
fire engine, also by Shand, Mason, and Co., has been fixed 
on board the Sultan, both engines being connected with 
the same boiler. This latter is of the maker’s well-known 
‘* inclined water tube’’ type, so extensively used with their 
steam fire engines, the pumping and fire engine being on 
the plan of their equilibrium engine. The pumping engine 
consists of three steam cylinders, each 10 in. in diameter 
placed vertically and connected direct to three bucket and 
plunger pumps, the buckets being 17? in. with a stroke of 
13in. The construction of the steam fire engine is similar, 
but is placed horizontally, the three steam cylinders being 
8} in. in diameter and the buckets of the plunger pumps 
8? in. with a stroke of 8in. The boiler and engines are 
p sufficiently high in the ship so as to be worked even 
with a large quantity of water in the hold, special atten- 
tion having been paid to the valves of the pumping engine, 
so as to draw water without fail from the lowest part of 
theship. The preliminary trial took place on the 6th inst., 
when the following four jets were used at the same time, 
one 1} in., one dys in., and two each 1 in., when a height, 
as measured by the mast, of 170 ft. was reached. It was 
then found that the means for supplying the pumping 
engine with a sufficient quantity of water was inadequate, 
and this test was adjourned for the purpose of making 
arrangements to admit a sufficient quantity of water into 
the hold. On the 7th instant a test of the fire engine was 
made in the presence of Admiral Foley, Superintendent of 

a! Docks. , when with one jet 1} in. in diameter 
the water was thrown considerably above the top of the 
mast, a height of 200 ft. The following four jets were 
ee a one each 1} in., 1} in., 1; in., and 
lin., delivering 1120 gallons per minute under a water 





the pavilion in fifteen months, the amount of their con- | pressure of 100 Ib. on the square inch. The tests on the 
tract being 34,5001. Mr. E. Birch, of London, is the engi- | 13th instant and that on the th were conducted under the 
neer concerned. superin of ‘Mr. Newman, Chief Engineer, Ports- 

Wages in the Forest of Dean.— Messrs. Craws have | mouth Dock Mr. Marcom, his assistant, Mr. Icely, 
given a pleasant surprise to their employés at Ci ‘ord | Ins of , Captain Wells, Superintendent of 


furnaces by announcing to them a 5 per cent. advance in 
their wages, to date from January 5. 


New Tin-Plate Works at Resolven.—The first sod of 
new tin works at Clyne was cut on Saturday afternoon by 
Mrs. Margaret Sims, in the presence of a large number of 
spectators. Active operations commenced on Monday, and 
it is ho that tin and terne plates will be turned out 


within four months. 

Plymouth Great Western Docks.—The shipping entered 
at the Plymouth Great Western Docks last year was 2466 
vessels, or a net tonnage of 590,916 tons. These figures 
show a falling off in the previous year of 215 vessels and 





r, Shearman, Chief Engineer of 
other gentlemen, all of whom were 
perteatly saeaen with the result, Mr. Shand being present 
on be the contractors. The experiments occupied 
about pig hoa, ne the result of half a hour’s compen y oe 
wor umping engine, with an average of 84.6 
revolutions ute, delivering 720 tons per hour from 
a depth of 21 ft. 6 in. below the pump valves, and deliver- 
ing under a pressure of from 20 lb. to 25 lb. on the square 
inch, this rate of delivery being practical, not theoretical, 
as the quantity was previously tested from the influx of 
water t h valves from the side of the ship into a mea- 
sured area of the hold. 
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NOTICES OF MEETINGS. 


INSTITUTION OF CrvIL ENGINEERS.—Tuesday, January 20th, at 
8p.m. “Fixed and Movable Weirs,” by L. F. Vernon Harcourt, 
M.A., M. Inst. C.E. “ Movable Dams in Indian Weirs,” by R. B. 
Buckley, Assoc. M. Inst. C.E. 

PHYSICAL SOOIETY.—Saturday, January 24th, at 3 — The 
following communications will be made: ‘On the eory of 
Professor Hughes's Induction Balance,” by Dr.O. J. Lodge. “Ona 
- ae’ Voltaic Are,” by O. V. Boys, “Ona Talking Machine,” by 

. Faber. 

THE METEOROLOGICAL SOctETY.—Wednesday, the 21st instant, 
at7 p.m. The annual general meeting of the Society will be held, 
by kind permission of the Council of the Institution of Civil Engi- 
neers, at 25, Great George-street, Westminster, 

INSTITUTION OF MECHANICAL ENGINEERS.—Thursday, January 
22nd, and Friday, January 23rd, at the Institution of Civil Engi- 
neers. The chair will be taken by the President at 3 o'clock. p.m., 
on each ~ The annual report of the Council will be pre- 
sented to the meeting. The annual election of the President, 
Vice-Presidents, and Members of Council, and the ordinary 
election of new members, associates, and graduates, will take 
place at the meeting. The following papers will be read and dis- 
cussed: ‘‘On Brown's Tramway Locomotive, * hy Mr. B.C. Browne, 
of Newcastle-on-Tyne. “ Reply on the Discussion on Fireless Lo- 
comotives,” by M. Léon Francq, of Paris. ‘On Improvements in 
Machinery for Rolling Iron and Steel Plates, by Mr. Edward 
Hutchinson, of Darlington. ‘Is Automatic Action necessary or 
desirable in a Continuous Railway Brake ?” by Mr. T. H. Riches, 
of Cardiff. “Remarks on Chernoff's Papers on Steel,” by Mr, 
William Anderson, of Erith. “On Permanent Way for Tramways, 
with Special Reference to Mechanical Traction,’ by Mr, J. D. 
Larsen, of London. 
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SANITARY SUMMARY, 1879. 


Wat may be termed the natural circum- 
stances which influenced the sanitary condition of 
the last year were certainly of a very extraordi- 
nary, if not abnormal character. During a large 
proportion of the year the rainfall was excessive 
throughout the country, and indeed generally in 
Europe, The temperature ranged lower than the 


average of the previous 50 years as determined by 








observations at Greenwich and elsewhere. The 
amount of actual sunshine rarely exceeded one-half 
of what was possible, and occasionally, for many 
days successively, the sun itself was conspicuous 
by its absence. Snow fell in London so late 
as the close of April, indeed, on the 13th of that 
month there occurred one of the heaviest snow- 
storms of the year. Consequent on some of the 
above causes most of our rivers were constantly 
swollen, and low lands continually in flood. The 
harvest, if such a term could be properly used, was 
later by several weeks in the most favoured counties, 
and in some completely failed. An immense amount 
of misery would have consequently resulted, had it 
not been that by imports from foreign parts, of 
corn and cattle, our losses were more than counter- 
balanced. Another and important point was the 
general low price of fuel, which, however disastrous 
to the colliery proprietors, was essentially of advan- 
tage to the nation at large. . 

But the evils already alluded to as arising from 
excessive rainfall had a compensating advantage. 
Owing to the enormous flushing of sewers and 
house drains, these were thoroughly scoured of old 
deposits, and consequently rendered healthier. In 
an article on the Thames in our last volume, 
we have already pointed out the benefits which the 
great rainfall conferred on that river. From this 
cause it is probable that the Thames has never been 
in a better sanitary condition for the last half 
century. Generally, throughout London, the smell 
of sewer gases was scarcely, if at all, perceptible, 
either in the streets or houses, and therefore it is no 
matter of surprise that for the first nine months of 
the year the death rate often rapidly fell. The 
same occurred in many provincial towns so far as 
zymotic diseases were concerned. On the other 
hand, the low temperature and generally inclement 
weather tended to increase disease arising from 
affections of the organs of respiration. 

Numerous public efforts were made during the 
year to promote questions of sanitary character. At 
the instance of the Prince of Wales a second con- 
ference on the question of National Water Supply 
was held by the Society of Arts, followed by one on 
Sewage and Health. In regard to water supply 
several papers were read dealing with the question 
chiefly in regard to England, detailing the water- 
sheds, rainfall, and other questions tending to eluci- 
date the subject. But despite the large amount of 
information thus afforded, and the valuable facts 
and opinions that were enunciated, it must be con- 
fessed that little was done to forward the settle- 
ment of so important a question, In fact, the 
general feeling of the conference, as indicated by 
the resolutions passed, was that it was only from 
action by Government that the solution of the ques- 
tion could be possibly arrived at, 

In regard to the supply of water in London great 
interest was taken, Cardinal Manning and others 
succeeded in rousing the attention of the working 
classes to the necessity of pure and abundant water. 
The various vestries'sent deputies to a conference 
on the subject, at which it was strongly urged that 
the whole metropolitan supply should be placed 
under one control, involving the purchase of the 
existing companies, Towards the close of the session 
Mr. Forster urged on Mr. Cross, in the House of 
Commons, the duty of the Government, and ex- 
torted a promise from him that the subject should 
be duly considered. In November last, this promise 
was to some extent redeemed, for the usual notices 
were issued on the part of Government to create a 
‘Metropolitan Water Trust,” whose duty it would 
be to take the properties, supply, &c., of the existing 
companies into their hands, For a full discussion 
of the question we must refer our readers to page 
400 and page 418 in the last volume. 

In respect to the conference of the Society of 
Arts in regard to sewage and health, little need be 
said. Comparatively speaking nothing very new 
was offered in the way of information, although 
many additions to preceding knowledge were made. 
Sewage treatment, whether by precipitation, irri- 
gation, or other means, seems at present in s/atu 
xo. It is, however, universally agreed, that, in 
uture, all idea of profit should be given up in re- 
gard to every mode of disposing of sewage, and 
that the chief point to be attended is that of the 
removal of sewage and other refuse simply for pro- 
moting general sanitary improvement at any cost, 

We have already noticed in two articles in our 
last volume, the meeting of the Sanitary Institute 
at Croydon. The proceedings were of an eminently 
practical character, and the exhibition of sanitary 





apparatus at least equalled if it did not exceed in 
value ail its predecessors. An exhibition of water 
supply apparatus was opened at the Alexandra 
Palace, but its results were by no means encourag- 


ing. 

Provincial towns have been active in improving 
water supply. In this respect Liverpool and Man- 
chester have been prominent, Generally speaking, 
great attention has also been paid to improved 
sewerage and drainage, The necessity of this may 
be made evident by a perusal of the reports of the 
medical officers of the Local Government Board. 
In several articles on ‘‘ Provincial Sanitation” in pre- 
vious volumes, especially in regard to some portions 
of our manufacturing districts, the reader will find 
some details, which are hardly credible for a civilised 
country and the nineteenth century. But such are 
only types of hundreds, perhaps thousands of cases 
that might be fround in the United Kingdom. In all 
cases of proposed improvement the Local Govern- 
ment Board has sent an inspector to inquire into 
the scheme, and in many cases loans have been 
readily advanced to effect the desired improvements. 
In certain instances where the authorities were lax 
in the exercise of their duties that Board has put the 
necessary pressure on them. 

In putting into operation the provisions of the 
Ariisans’ Dwellings Act much progress has been 
made, but in London some difficulty has arisen. 
The Metropolitan Board have acquired a very large 
amount of property by the purchase of houses in 
some of the lowest localities of London. But they 
have been unable to dispose of the land because of 
certain provisions of the Act requiring them to 
erect dwellings on some of the sites. one dis- 
trict, Drury-lane and its neighbourhood, another 
difficulty arose. It was impossible to clear out 
some of the rookeries until after a definite period 
had expired after giving notice. Consequently the 
Board found itself in the unenviable position of hold- 
ing a quantity of property which was simply a den of 
fever and infection. Equally with the Board were 
the local authorities powerless, and consequently 
each party had to stand looking on the spread of 
disease, in the very heart of London, without the 
slightest power of removing the evil until the statu- 
tory period of notice had expired. How admirable 
are the wisdom and prescience of our legislators ! 

To get out of this difficulty the Metropolitan 
Board made an appeal to the Home Secretary. In 
his reply, Mr. Cross stated that the request of the 
Board to release certain lands appropriated under 
the Act as sites for dwellings, and to release the 
Board from restrictions of the Act, prohibiting them 
from taking fifteen houses or more, occupied by 
persons belonging to the labouring classes, unless 
they had provided elsewhere sufficient accommoda- 
tion for the number of persons thus displaced, would 
under most circumstances be in direct violation of 
the most important terms of the Artisans’ Dwellings 
Act, having regard to the convenience of distance 
of proposed new buildings from those in which the 
ejected persons had previously resided. He ex- 

ressed his opinion that the first duty of the Board 
in regard to street improvements, was to provide 
houses for the working classes to which those who 
were displaced belonged, before improvements of a 
larger kind were carried out. This decision of the 
Home Secretary will seriously affect all bodies who 
propose to carry out improvements under the 
Artisans’ Dwellings Act. 

While referring to this subject we may conve- 
niently call attention to a cognate one—that of the 
danger of infection «rising from the present system 
of schools of all kinds, but especially of what are 
commonly called Board Schools, We have fre- 
quently noticed the subject as one of great import- 
ance, Children of all kinds are huddled together in 
these schools for several hours daily, If they do 
not attend, their parents are fined or imprisoned, 
consequently, whatever disease they may suffer 
from, the children are practically made its propa- 
gators. We may mention a case under our own 
immediate observation in which small-pox was spread 
through several families from a Board School. We 
have known whooping-cough similarly spread. In 
both cases fatal results accrued. But age our 
argument will be still better fortified by quoting 
the case of the Graystoke-place school, in Fetter- 
lane, which was discussed by the School Board at 
their meeting on December 18 last. From the report 
it aj that the site was pestilential, and that the 
school had become a centre of infection for the 
whole adjacent neighbourhood. Children had been 
taken in, and kept in school while suffering from 
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infectious diseases. The whole neighbourhood was 
in a dreadful state in respect to water supply, &c., 
and yet this occurred within two minutes’ walk of 
Fleet-street, the chief thoroughfare of the city of 
London! What can be said of provincial sanitary 
defects when such circumstances are allowed to 
exist in one of the most important localities of the 
richest city in the world ? 

The evils of bad house-foundations, of new 
houses built on made ground, that is old brick ground 
filled up by house refuse, dust, &c., had much 
attention paid to them, and towards the close of the 
year an important legal decision was given of great 
interest to both landlords and tenants, A gentle- 
man took a house in one of the suburbs of London 
on lease on the assurance that it was properly 
drained and had a good water supply. He had not 
been long in occupation before some of the family 
died of diphtheria. On inquiry, it appeared that, 
althongh to outward appearance both drainage and 
water supply were good, there were several old 
cesspools under the premises which contaminated 
both, Consequently, it was decided that his lease 
was voidable. Some time ago we called attention 
to this subject, urging that in some parts of London, 
while the water-closet system was several years ago 
substituted for the cesspools, there were still many 
of these left ix situ. We cannot too strongly urge 
on medical officers, especially in the metropolis, 
the duty of examining into any possible case of the 
kind. 

The evils of overcrowding in houses have long 
been manifest. In Glasgow and other large towns 
immense numbers of old, dilapidated, and fever breed- 
ing houses have been removed and others erected re- 
plete with every sanitary improvement. In London 
the question has been taken up by joint stock 
enterprise, and the results have been most encourag- 
ing. Not only have the new houses been imme- 
diately let, and tenanted on completion, but generally 
speaking a dividend of 5 per cent. has been paid to 
the shareholders—a very respectable result in favour 
of what was primarily commenced simply from 
motives of philanthropy. 

A comparatively new danger to health in the 
metropolis occurred during 1878 and 1879. In 
some districts, owing to the heavy rainfall already 
alluded to, houses were flooded from the sewers 
during almost every heavy storm. Consequent on 
this, the cellars, kitchens, and downstairs sitting- 
rooms were as often coated with solid matter of the 
sewage in hundreds of houses, both north and south 
of the Thames. Although this was in part due to 
excess of rain, still the chief cause was that the 
existing sewers wefe much too small to carry off the 
refuse from the great number of new houses that 
are annually added to London. These may be 
reckoned at miles in length additional for each year. 
At last the evil became so great that the Metropolitan 
Board was compelled to take up the matter. New 
sewers are in course of construction which will, for the 
present, alleviate the evil. But these temporary 
measures, of course, will only act as a palliative, 
and it requires no great amount of foresight to per- 
ceive that, ere long, the whole sewerage system of 
the metropolis will have to be reconstructed. 

The subject of separating the rainfall from the 
sewage of houses, on passing through the sewers, 
has received much attention. Generally speaking, 
engineering authorities are agreed as to the de- 
sirability of such separation. In London the amount 
of road refuse which enters the sewers is enormous, 
continually blocking them, and consequently send- 
ing the sewage and sewer gases into the houses. 
Many plans have been proposed to remedy this evil. 
Ventilators of sewers have been so arranged as to 
retain the solid matter within them, and thus prevent 
it entering the sewers. Among these we noticed 
lately an invention by Mr, Batten, of Birmingham, 
whereby the ventilation is completely effected, the 
solid matter retained in the chambers, and a lamp- 
hole | che for the inspection of) the sewers 
beneath. Other inventions having for their object the 
disinfection of the sewer gases by means of char- 
coal have been used. But most are very apt to get 
stopped up by the dirt of the roadway, and con- 
weg ee come inefficient, 

t will thus be seen, that while we are making 
decided progress in sanitary matters, the further we 
proceed the more difficulties we find that we have 
to encounter. For each head of the Hydra we 
destroy, a dozen spring into its place. Our Acts of 
Parliament are often the obstacles to the provisions 
they contain being put into operation. In some 


cases, as in the Rivers Pollution Act, they become a 








dead letter, while in others, as in the Public Health 
Acts, they have to be amended so often, that the 
originals will soon be lost in the mass of amendments 
to which they have been and will have to be subjected. 
Fortunately, our knowledge of sanitary laws is in- 
creasing, but with this increase of knowledge an 
increase of difficulties also arises, All that has been 
done has been only palliative work. The system of 
legal and practical patching in every department 
of sanitation, is only creating greater troubles either 
for ourselves or posterity, Engineering andchemical 
science may do much for our sewers, our drains, and 
our houses. But sanitation, like charity, should 
begin at home, and until a practical knowledge of 
the requirements of health in the domestic circle is 
more largely diffused in the mass of the people, 
until in many cases their habits are changed, future 
progress must be necessarily slow and constantly 
impeded by the very persons whose interests science 
is endeavouring to protect. 








THE TAY BRIDGE.* 

WE have at present but little to add to our re- 
marks of last week on the failure of the Tay Bridge. 
Since our last issue appeared, no meeting of the 
court of inquiry has been held, but a further 
examination of the wreck has been made by divers, 
and steps have been taken for the early removal of 
the broken girders. In the course of the examina- 
tion on Monday last it was found that there are 
fractures at the north end of No. 5, and the south 
end of No. 6 span, while about 50 ft. south of No. 5 
pier, a girder was found broken across. Also near 
No, 3 pier a girder was found to be broken in seven 
places within a distance of 100ft. On Tuesday, 
there being a very low tide, a considerable length 
of the fallen girders was above water. 

As regards the piers, we may repeat that a further 
examination confirms the statement made in our 
article last week, that the bases for the columns 
were bolted down to the two upper courses of stone 
only, there being no connexion with the lower 
courses beyond that given by the adhesion of the 
cement. ‘The bolts by which the bases were secured 
to the stonework were the only bolts in the latter. 
We repeat these facts because statements at variance 
with them have been published elsewhere. Under 
the conditions which actually existed it is, of course, 
impossible that any great tensile strain should have 
been set up in the windward columns, as the 
foundation stones simply lifted when the strain 
came on them. We stated last week that none of 
the bolts securing the bases to the stonework had 
failed. We find, however, on further examination, 
that at the west corner of No. 9 pier one of these 
bolts has broken at the joint of two stones. ‘This is 
the west bolt, and the base has then lifted on its 
east corner, which has broken. These bolts are 
1?in. in diameter, It is worth noting, by-the-by, 
that in the case of the smaller piers now standing, 
the four inner columns stand on one large casting 
forming a common base for the group, but in the 
case of the large piers which have failed this system 
of construction was departed from. We may add 
that the bolts connecting each large column to its 
base are eight in number, and 1}in. in diameter. 
The columns are not spigotted into their bases, and 
_ ~ do not appear to have been turned and 

tted. 

As regards the statement made in a letter which 
we published last week, that the cement filling of 
the columns was soft, we may remark that in the 
base of. one column the cement is heaped up just as 
if sand had been shovelled in, but below the heap 
the cement is quite hard, Except in this case and 
one other, we have not noticed any soft or 
sandy cement, and there appears to be no reason 
to attribute the failure of the bridge in any way to 
the quality of this material. 

It is rumoured that, subject to the sanction of the 
Board of Trade, the fallen piers are to be rebuilt in 
brickwork throughout, the present foundations 
being used, while it also appears probable that 
strenuous efforts will be made to obtain a reduction 
in the height of the clear headway. As yet, how- 
ever, nothing definite can be stated respecting the 
plans for the new bridge. Mr. John Waddell has 
taken the contract for the removal of the broken 
girders and piers, &c., and we believe that this part 

* In our article on the Tay Bridge last week a misprint 
of a figure occurs on 31, third column, line 50 from 
the top. At the end of line for ‘‘6 ft.”’ read‘‘ 1 ft."’ The 
errror is evident from the context. Also in the bottom 
line of the middle column of 33, “ for 3ft. 10 in. in 
diameter,”’ read “3 ft. 4in. in diameter.” 








of the work will be energetically pushed on, although 
there will necessarily be some delay incurred in 
preparing the special plant necessary. We under- 
stand, also, that full provisions have been made 
for clearly recording the positions in which the parts 
of the wreck are lying, and the appearance of the 
fractures. 

It may be stated here, in reply to some inquiries 
which have reached us, that in Scotland no coroner’s 
inquests are held, so that the sole inquiry which is 
at present likely to be held into the causes of the 
Tay Bridge failure is that which is being carried out 
by the Board of Trade. If the law advisers of the 
Crown think proper, however, the Procurator-Fiscal 
of Dundee or Forfarshire may hold an inquiry, but 
it can only be held privately. In some recent 
colliery disasters the Home Secretary has taken the 
matter in hand, and has had inquiries conducted in 

ublic, and notably by Mr. Dickenson, Chief 

nspector of Mines, but we have not heard of any 
steps of this kind being taken in the case of the Tay 
Bridge failure. Under these circumstances it is, of 
course, above all things to be desired that the Board 
of Trade inquiry may be of such an exhaustive 
character as to fully satisfy the natural anxiety of 
the public regarding the matter. 








CAPTIVE LIGHT. 

A LITTLE reflection will show that if a means could 
be found for storing up light, as heat or electricity 
can be stored, the invention would be of almost 
infinite application. ‘To discover means of this 
kind has been the aim of an English chemist, Mr, 
W. H. Balmain, formerly of University College, 
London, and latterly manufacturing chemist of St. 
Helens, Lancashire, for a period extending over 
forty years, and the results of his researches were 
protected in a patent No. 4152, 1877, for ‘“‘ luminous 
paint.” It is known that there are certain earths, 
such as the sulphides of lime and baryta, and some 
sorts of sea-shell, which on being exposed to the 
light for a time become luminous in the dark, and 
apparently give out again the light which they have 
absorbed. Mr. Balmain’s idea was to compound a 
paint of these substances which could be applied to 
the windows of rooms, the walls of streets, buoys, 
notices, clock faces, and a thousand other articles 
which require to be seen in the dark, so as to render 
them self-luminous. Owing, however, to the health 
of the inventor breaking down, no practical issues 
came of his invention until quite recently, when it 
was taken up in a spirited fashion by Messrs. Ihlee 
and Horne, of 31, Aldermanbury, London. A 
pioneer company has been formed to work the 
patent, and there is now an eager demand for the 
mysterious illuminant. 

The exact nature of the luminous ingredient of 
the paint is kept a secret, but it is said to be wholly 
extracted from the common chalk of our cliffs. 
Probably it is the sulphide of calcium, and is pre- 
pared by mixing lime and sulphur in certain propor- 
tions, ‘The paint can be made with oil or other 
transparent liquid, according to the purpose for 
which it is designed. The physical nature of the 
storing process appears to be that the waves of light 
breaking upon the molecules of the sensitive salt 
start them into vibration, and this vibration con- 
tinuing long after the motive light is withdrawn, 
sets up a succession of ether waves which affect the 
eye as light, much in the same way as the blow of a 
bell clapper gives rise to waves of sound, A sensi- 
tive surface of the paint exposed to daylight, or the 
more powerful beams of the magnesium wire or 
electric arc for a sufficient length of time, will con- 
tinue to emit light for four or five hours after. Of 
course the ‘‘ stored” light grows fainter as the time 
grows longer. 

We have made several experiments with a 
specimen of the luminous paint supplied us by 
Messrs, Ihlee and Horne on a piece of card- 
board. After exposure to the sunlight of a window 
for a few minutes when taken into a dark place it is 
seen to glow with a violet lustre, which is whiter as 
the darkness increases, or according as the exposure 
is lengthened. An amusing optical delusion can be 
performed with it. A half-crown is placed on the 

inted surface before it is a to the light and 

ept there the whole time ; when the latter is taken 
into the dark room or closet, the coin is withdrawn. 
Nevertheless its position is distinctly marked by a 
black disc surrounded by the luminous field of the 
paint, and it is easy to make any unsuspecting in- 
dividual mistake the sham shadow for the substance. 
We call it a sham shadow because it is really 
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the ghost of a shadow, that is a shadow which 
exists after the body which occasioned it has dis- 
appeared. 

Much interest has recently been excited in the 
product, and many applications of it are proposed. 
Clocks with dials rendered self-luminousin this way 
have been somé time since introduced by another 
maker from France; but we understand that a 
royalty is paid on these to the ay ore of the 
English patent. The Lords of the Admiralty have 
been making experiments with it in a darkened room 
at Whitehall, and have expressed themselves in 
favour of it for lighting up the compartments of iron- 
clads, or for the powder magazines; and two com- 
partments of H.M.S. Comus have been ordered to be 
painted with it. For life belts and buoys, it will of 
course be an acquisition in rendering them visible by 
night. A lantern capable of enabling a person to read 
or work in the dark can be made by framing a few 
square feet of painted surface ; and the superinten- 
dent of the West India Docks has ordered lanterns 
for use in their dangerous spirit vaults. The virtues 
of these lanterns in explosive mines, petroleum 
stores, and cellars, are too obvious to be dwelt upon. 
Mr, Towers who has just supplied the German Navy 
with his speed indicators, and is now engaged in 
adapting them also to several English war vessels, 
notably H.M.S. Northampton, has decided to have 
the dials of his apparatus illuminated in this way so 
as to enable seamen on the darkest night to read 
the index. Mr. Hollingshead, the enterprising 
manager of the Gaiety Theatre, is in treaty to secure 
the sole right to apply the paint in the production 
of theatrical effects ; and it is probable that the 
process will soon come into conspicuous use as a 
medium for advertisements. 








METALINE. 

Tue production of a material for shaft bearings, 
which should render the employment of lubricants 
unnecessary, Was many years ago attempted both in 
this country and in the United States, but without 
success, until Dr. Stuart Gwynn, of New York, 
about twelve years since brought into public notice 
the composition to which he gave the name of 
metaline. In 1870 he came over to England, and 
for a considerable time exhibited metaline bearings 
in use in London. A company was formed to work 
the invention, but from various causes it did not 
prove successful, and nothing more was heard of it 
at the time. Doctor Gwynn returned to America, 
and we believe devoted himself with better results 
to the perfection of metaline, which ultimately 
achieved a high reputation in the United States, 
and about four years since the European patents 
were purchased in this country by a small group of 
capitalists, who have established a magi | at Dundee, 
and are now engaged in a large and successful 
business, Gwynn’s first English patent was filed 
early in 1870, and was entitled ‘‘ Improvements in 
the treatment or preparation of various natural sub- 
stances, so as to render them Cee for use in 
journal boxes and other parts o aro yrvese J whose 
surfaces are intended to be subjected to friction.” 
It contains a long and somewhat rambling essay 
on the causes and phenomena of friction from 
which the inventor evolves ‘‘a key to the new 
process,” which is thus described: ‘* Always and 
everywhere friction is the resistance which the co- 
hesion and repulsion, one or both, of the atoms of 
the bodies whose surfaces are being rubbed together 
offer in some way to the force expended to cause 
the movement of the surfaces, and the heat developed 
Ly the friction is the equivalent in another form of 
the mechanical force thus expended,” In preparing 
a substauce which should so far reduce the friction 
between the moving surfaces of machinery as to 
render the use of a lubricant unnecessary, the in- 
ventor sought to combine four different properties : 
1. A sufficient degree of coherence in the particles 
of the material employed, to prevent practically any 
change of form in them under the pressure to which 
they would be subjected. 2. So much facility of 
movement between the particles themselves as to 
prevent the development of heat to any injurious 
extent, 3. A- sufficient degree of “ fixedness” in 
the relative position of the particles, and ‘a re- 
pulsive tendency” between them and the metal of 
the bearing, that adhesion to the latter shall not take 
place. 4, That the characteristics just enumerated 
should be so proportioned that little or no abrasion 
or wear of the chaft or journal should take place. 


This somewhat high-flown introduction to the 
metaline secret is succeeded by the enumeraticn 


of fifteen examples,/of combinations to produce the 
desired results. ‘The most practical of these appears 
to be the intimate mixture of iron and tin in equal 
proportions, reduced to an impalpable dust, and 
compressed into blocks under a pressure of about 
60 tons tothe inch, To prevent oxidation the iron 
dust is coated with paraffine before being combined 
with the tin. Plumber's solder and graphite in pro- 
portions varying from 3 to 20 of the latter and 97 
to 80 of the former, intimately blended, and after- 
wards subjected to pressure, is another combination 
mentioned. 

Probably since Gwynn filed his English patent 
of 1870, considerable modifications in the process of 
manufacturing metaline, as well as in the materials 
used, have been introduced; indeed, we believe 
that the Dundee manufacturers observe strict se- 
erecy as to the substances and proportions now 
adopted. At the works the materials are combined 
in a closed room, and then brought down to the 
crushing mills on the first floor, where they are 
ground continuously for some days, the material 
being kept constantly at a high temperature. When 
the almost impalpable powder is delivered from the 
mills, it is Sioned, in moulds, and subjected to hy- 
draulic pressure, by means of which it is brought 
into cakes, These cakes are then broken up and 
re-ground, and the same process is afterwards re- 
peated. Finally, the powder is placed on steam. 
heated tables, again mixed, and then passed through 
sieves having a mesh of ten thousand to the inch, 
Finally, the metaline dust is fed into circular moulds, 
aud subjected again to hydraulic pressure, which 
gives it the final form, that of small discs about 
din. thick, and s;in. in diameter. In another part 
of the works brasses are prepared to receive these 
metaline discs, the process consisting simply of re- 
cessing in them a number of shallow holes, corre- 
sponding in size to that of the discs, which are 
afterwards driven in with a small hammer, and the 
top is surfaced down to correspond with that of the 
brass. In pipe bushes, which are largely used for 
light work, the holes are drilled through the metal, 
and the plugs are inserted from the outside. The 
maximum thickness of metal for such bushes 
cannot, however, exceed }in., as it is found difficult 
to drive the plugs through a greater thickness. 
The plugs have to be placed at such a distance 
apart as to overlap each other, so that they may 
present a continuous surface on the line of motion. 
This disposition is necessary, because the metaline 
operates by distributing itself in a film over the 
brass, and the shaft, producing a perfectly smooth 
surface, The special applications of the materials 
appear to be the pipe bushes above mentioned, and 
brasses for marine engines. Two of the leading 
shipbuilding firms on the Clyde have definitely 
adopted, and many others are employing, them. 

Although the production of metaline has been 
carried on in this country in a peculiarly unobtru- 
sive manner, the quantity turned out is now ve 
considerable, and the long experience obtained wi 
it is so satisfactory that it would appear the ever- 
increasing demand will develop the manufacture 
into a very important industry. 


LITERATURE, 


Turning and Mechanical Manipulation. Intended as a 
Work of General Reference and Practical Instruction 
on the Lathe, and the various Mechanical Pursuits 
followed by Amateurs. Vol, IV. The Principles and 
Practice of Hand, or Simple Turning. Illustrated by 
upwards of Seven Hundred and Fifty Woodcuts, drawn 
on the Wood by the Author. By Joun Jacos Hout- 
ZAPFFEL, Assoc. Inst.C.E., Master of the Worshipful 
Company of Turners, &c. London: Holtzapffel and 


0. 
TuE first three volumes of ‘‘ Turning and Mecha- 
nical Manipulation,” written by the father of the 
author of the work now before us, have long been 
regarded as models of their kind, Although very 
many years have now elapsed since their publica- 
tion, we do not hesitate to say that they have 
never been excelled for completeness or accuracy 
of information concerning the subjects with which 
they deal nor for the clearness with which that infor- 
mation is conveyed. ‘The fourth volume of the work, 
namely, that dealing with hand-turning, is one 
which has long been looked for, and now that it has 
appeared it will, we think, be heartily appreciated. 
In continuing the work so ably commenced by his 
father, Mr. J. J. Holtzapffel had no easy task, for it 
was inevitable that comparisons should be drawn 


ceded it, and it was equally certain that those who 
had been accustomed to rely upon the clear guidance 
afforded by the earlier volumes would be quick to 
detect any falling off in the manner in which the 
desired information was conveyed. Mr, Holtzapffel 
may, however, be heartily congratulated on the 
result of his labours ; he has entered most thoroughly 
into the spirit of his work, and the volume now 
under review is in every way worthy of its position 
in the series of which it forms a part. 

It follows from the detailed nature of the infor- 
mation that the work affords that it is one of the 
contents of which it is difficult to give more than a 
general idea. The volume is divided into fourteen 
ener and in the first of these the author deals 
with the historical portion of his subject, giving, by 
the aid of a series of well-executed engravings, an 
exceedingly interesting account of Indian, Arabian, 
Chinese, and other mechanical appliances, which 
may be considered as the forerunners of the more 
modern lathe. In the early part of the second 
poe ued this historical review is continued, the 
author gradually leading up to the descriptions of 
more modern patterns, all, however, of the ‘ dead- 
centre” type, while Chapter III. deals in the same 
way with the various types of lathes with revolving 
mandrels, Chapter IV. is devoted to modern foot- 
lathes and their details, while Chapter V. contains 
an account of ‘‘apparatus added to the lathe for 
specific purposes,” such as the division plate, boring 
collars, slide rest, &c,, and Chapter VI. treats of 
chucks and other appliances for fixing work on the 
lathe. All these chapters are copiously illus- 
trated. 

The chapters we have so far mentioned are all 
mainly descriptive of apparatus, although they also 
contain many instructions for the use of the various 
appliances with which they deal, but the part of the 
work which is more particularly devoted to the 
teaching of turning may be said to commence with 
Chapter VII. In this chapter, which is entitled 
*¢ The Elementary Practice of Hand-Turning,” the 
most carefully detailed instructions are given re- 
specting the mode of using the various tools for the 
erformance of different classes of work, while in 
hapters VIII, and IX. the practice of hardwood 
and ivory turning and of metal turning are similarly 
dealt with. In all these chapters the information 
afforded is thorougly complete, while at the same 
time it is conveyed without any of the prolixity by 
which instructions in matters of practical detail are 
sometimes marred, 

The next two chapters treat of special divisions 
of the subject, Chapter X. dealing with screw 
cutting, and Chapter XI. with modes of turning the 
sphere and forms derived from the solid, while 
hapter XII. describes a number of practical 
examples of simple plain turning in wood and ivory, 
and Chapter XIII. practical examples of combined 
lain turning executed by the hand tools alone. 

e concluding chapter contains a variety of mis- 
cellaneous information, including instructions for 
dyeing, staining, and darkening. 

Such are the general contents of the volume 
before us, and it will be seen that they well fulfil 
the promise of the title-page, Of the painstaking 
manner in which Mr. Holtzapffel has performed his 
task it would be difficult to speak too highly. He 
is evidently thoroughly acquainted with the nature 
of the information which is required by those teach- 
ing themselves the use of a lathe and its adjuncts, 
ard ne has the power of imparting this information 
with remarkable terseness and clearness, The 
volume is thoroughly worthy to take its place 
beside its predecessors, and it would be difficult to 
give it higher praise. In conclusion we must say 
a word for the engravings by which the work is 
illustrated, and which are admirable for the careful 
attention to detail by which they are characterised. 





The Engineer’s Annual and Almanack for 1880. Edited 
by James Donatpson. Glasgow, Greenock, and 
iverpool: D. McGregor and Co. 
This is a little book, better known, we presume, on 
the Clyde and the Mersey, than the Thames, and 
containing a large amount of miscellaneous and 
useful information, so selected that it becomes partly 
a marine engineer's pocket-book, and partly a year- 
book of facts. It contains complete and well- 
arranged tide tables of London, Glasgow, and 
Liverpool, as well as for about 300 foreign ports, 
and a very large collection of tables of weights and 
measures; English and foreign speed tables; and 








between this fourth volume and those which pre. 





thine for computing rates of interest, income, values 
goods, &c.; lists of differences of time, of sailing 
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distances, barometric pressures, &c. After these 
follow some brief miscellaneous rules, the inevitable 
tables of circumferences and areas of circles, and of 
squares, cubes, and square and cube roots. A “ log- 
book of dates” is an interesting collection of 
the dates of important events, beginning with 
1282, when Woodside Ferry, Liverpool, was first 
established, and concluding with the loss of 
the Peninsular and Oriental steamer Illemania 
in July, 1879. A large number of these records 
refer to the loss of vessels. Then we have asummary 
of fast passages and a brief description of a number 
of the more famous liners, together with a very 
sanguine notice of the yacht Wanderer, which 
events have unfortunately stultified. The record 
of the introduction of steam navigation in Scotland 


appears very complete and interesting. The dis- 
tinctive marks, flags, and signals of Atlantic steam- 
ps are also given, and a considerable number 


of events of the past year which will interest marine 
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engineers of all grades, has been collected and care- 
fully condensed, Thealmanack concludes with some 
tabulated price lists, and some full particulars of 
the Liverpool Seamen's Orphan Institution, From 
this brief summary, which is very far from being 
complete, it will seen that a large amount of 
varied information has been condensed within the 
limits of this shilling publication, and we think the 
little book requires only to be better known in 
London to secure for it the popularity it —e at 
our provincial ports. We may suggest that in 
future issues, the editor should endeavour to classify 
the contents with more care, 


THE TAY BRIDGE. 
To THE EpIToR OF ENGINEERING. 
_ Str,—Apart from the questions of + public interest 
involved in the recent destruction of Tay Bridge, there 
are certain other questions in which engineers will be more 
immedia’ ly interested. 
The public will naturally regard the failure of the bridge 




















as a lamentable disaster involving a serious loss of life and 
property, but the engineer may perhaps more profitabl 
regard it as an instructive experiment, in which the strengt 
of a great combined structure was tested to the breakirg 
point ; and, therefore, while the public will expect to be 
enlightened as to the causes of the disaster, engineers will 
wish to inquire more particularly into the exact circum- 
stances and results of the experiment. 

Looked at in this way, it will be chiefly from the failure 
of the braced iron piers that any instructive lessons can be 
gat. ; in fact, we do not know whether the girders 
themselves failed in any way before the fall of the bridge 
took place, but it is clear that every one of the twelve piers 
has yielded to the forces acting upon it, and it is possible 
that here some information may be gainéd by comparing 
oe Ey causes with observed effects. Thus, on the one 

and, if we can determine the amount and direction of the 
forces, the experiment may throw some new light upon the 
ultimate strength of these combinations of braced columns, 
and upon the factor of safety which is desirable in cases 
where the strength of the structure depends upon that 
of the weakest or most faulty of a large number of indepen- 
dent members. 

On the other hand, if we can approximately estimate the 
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BRIDGE OVER THE MATINA RIVER, COSTA RICA; 
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ultimate strength of the piers, their failure may perhaps 
afford some clearer indication as to the forces which have 
to be provided against. 

For these purposes the detailed information given in your 
last article will be very valuable, and in addition to the 

ints therein discussed, I wo suggest the following as 

ing perhaps worthy of further consideration : 

1. As to the forces. 

It is generally assumed that the pressure of wind is simply 
proportional to the area of ex surface and independent 
of its form, or that 800 square feet of lattice bars will hold 
just as much wind as 800 square feet of solid plate ; but it 
appears reasonable to suppose that the flow of air through 
the orifices of a lattice girder is retarded, or rather con- 
tracted, in the same way as the flow of water through an 
orifice in a thin plate. Indeed, Weisbach states as a fact 
that the flow of air is affected in this way, and that the 
coefficient is approximately the same for air and for water. 
If this is so, does it not follow that the retarding force 
must be exerted by the lattice bars, and will form an 
— to the wind pressure due to their actual surface 
area 

Again, the area of exposed surface is frequently taken as 
the area of the windward girder only, the leeward girder 
being neglected in calculating the wind pressure. But it 
appears unreasonable to suppose that a vertical or sloping 
bar of iron, a few inches in width, can really afford any 
shelter at a distance of 15ft. to leeward. It would cer- 





wind under the lee of a 
apak dahacbned icoe-oen tieciiie we ald be 
@ 8eCO! p- wo 
completely sheltered by the first, whichever si the wind 
might blow. Another point which seems to require some 
further investigation, is that relating to the force or fric- 
tion of the wind upon horizontal floor surfaces ; indeed, it 
is remarkable that while we so much experimental 
knowledge upon the strength of ironwork, we have so 
little upon the wind forces which it will have to resist. 
With regard to the direction of these forces in the case 
of the Tay Bridge, we have the wind variously stated a 
different witnesses as W., W.S.W., S.W., and 8.S.W. 
Assuming that the belies lies pretty nearly north and 
south, there would probably be a certain longitudinal com- 
ponent in the pressure on the bridge. This component 
would take effect as friction on the faces of the girders, and 
as direct on all transverse bracing or stiffeners 
p ee the whole length, and, to a certain extent, also 
on the sides of cross girders and cross sleepers ; and in 
connexion with this the retarding effect of the brakes of 
the train may have to be considered, or the im of the 
train if it left the rails. Whatever may be the value of 
this longitudinal force, it would take little or no effect upon 


those piers which supported the ont by the intervention 
of rollers, but would be entirely by the piers to which 
the girders were rigi ttached. probably 


ly al pine | 
up of the four most northerly spans 





tainly be useless to expect to find any shelter in a gale of 





was attached to the central pier No. 11, and supported on 
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Nos. 9 and 10 and Nos. 12 and 13 by rollers. In this case 
pier No. 11 would have to bear the whole of the longitudinal 
component, and the direction of the resultant in the case of 
this pier would lie more nearly to the north than in the 
other piers. 

It is perhaps worthy of remark that the remains of this 
pier, as shown in your sketch, exhibit the appearance that 

ight be expected if the pier were broken by a force having 
a direction peeey north, or about N.N.S., all the southern 
aanme with their bases and bedstones having been 

rm up. 

Some additional light would be thrown upon these 





points if the position of the fallen gi was carefully 
ascertained. It is at least clear that the strength of the 
piers, consid as vertical cantilevers, is much less in a 


northerly than in an easterly direction, and it is possible 
that their strength in a diagonal or N.E. direction would 
be still smaller as compared with the resultant force in that 
direction. 
I am, Sir, yours truly, 
T. CuaxtTon FIpier. 
13a, Great George-street, Westminster. 





To THE EpiTor oF ENGINEERING. 
Srr,—At the commencement of your article u 
above subject last week you have yourselves stated 
considerable—al h 
may occur before the inqui 
failure is continued, thus 


ni the 
t “a 
haps not unnecessary—delay”’ 
into the cause of its sad 
ing excuse for entering into 
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some comment upon the facts already in your possession. 
The same reason will serve me for placing on record a few 
facts which may assist in eliciting, while there is yet 
opportunity, farther valuable information, not for the sake 
of the fallen bridge only bat as a ae to ordinary 
ractice in the building of bridge and other similar struc- 
res of ordinary occurrence. Indeed, now that the bridge 
has failed, the opportunity of fully gathering all the infor- 
mation obtainable from the ruins should rather urge those 
who are in a position to speak to do so than otherwise, as 
many useful facts may be brought out which might never 
suggest themselves to the minds of those officially engaged 
on the inquiry. 

My purpose is not to enter into any calculations regarding 
the strength of the bridge as a structure—for you have 
fully done that, so faras present information justifies—but 
to draw attention to an important detail in the construction 
of the piers, which seem to have been built up of six tiers 
of cast-iron columns more or less braced together by 
wrought-iron bracing. It is right at the outset for me to 
say that after learning the general facts regarding the con- 
struction of these piers, I fully expected the details of 
failure would be as recorded in your last article regarding 
the fractured parts. Quoting from your article, page 33, 

ou there say: ‘‘ And the first and second double horizontal 

ies also detatched, all of these by the fracture of the cast- 
iron snugs. The fourth diagonal from top east corner is 
also detached, as are also all the horizontal round diagonal 
ties; the cast-iron corner brackets, to which these latter 
have been fastened, have in almost every case pulled away, 
breaking their flanges.’’ Again, further down the same 
column, you say: ‘* There are four of the strut diagonals 
hanging, the tension ones and their cast-iron snugs are all 
away. On the north face all the struts are intact, and also 
all the horizontal compression bars ; but all except the 
lowest one of the tension diagonals are detatched by frac- 
ture of the cast-iron snugs to which the lower ends were 
attached.’’ I have no doubt that when the wreck is 
minutely examined it will be found that the number of 
failures in the cast-iron columns and their parts have been 
very large indeed, and I believe such fractures will be found 
to have almost always occurred in tension. 

The general statement that I have no confidence in cast 
iron when placed in tension, may not seem to accord with 
my letters published in your paper in May, 1876 (vol. xxi., 
pages 411 and 541), where I state the tensile strength of 
good cast iron to be over 12 tons ; but this result depends 
upon the quality and mixing of the iron, and very greatly 
upon the soundness of the casting. I have stated in these 
letters that in testing over 1000 tensile samples of cast iron, 
I obtained an average strength of more than 12 tons per 
square inch ; yet I could not, with my large experience of 
this metal, recommend more t perhaps 2 tons per square 
inch in tension being placed upon the columns in the piers 
of a bridge, and I would really rather see it used entirely 
in such positions as base plates, i.e., altogether in com- 

ression, unless a very large margin indeed were allowed. 

n support of this statement I cannot do better than quote 
the last paragraph in my letter upon the “‘ Strength and 
Fracture of Cast Iron,”’ in vol. xxi., page 411, reproducing 
the Figs. 13, 14, and 15 as follows : ‘‘ In conclusion, allow 
me to remark, Sir, that flaws in castings, such as 2 in. by 
lin. bars, can be very nearly computed as to their danger 
from their position, as will Lave mn seen from the facts 
before stated ; for example, a bar with a blown hole run- 
ning along, as per Fig. 15, will not be sensibly weakened 
by the hole, as one may be drilled through, as per Figs. 13 
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and 14, without weakening it, and practice also proves this 
conclusion te be correct, as I have several times seen such 


bars bear as t a weight as a solid one cast by its side ; 
bat turned with its top side in tension the conditions are 
all changed, and the bar will scarcely carry anything. This 
latter fact clearly demonstrates the importance of casting, 
even at great inconvenience, beams, &c., with the top of 
the casting for compression.”’ 

Now the difficult query comes, viz., How are such castings 
as the columns in question to be produced so as to have all 
their parts which bear tensile strain low in the mould 
when cast? No doubt this is very nearly as difficult a 
question as it has ever been, for moulders very rarely 
indeed take such questions into consideration, their anxiety 
being to produce a casting externally sufficiently sound to 
not become an eyesore to the examiner. This has to be 
answered according to the form of the casting quite irre- 
spective of tension or compression. Take the case of 
a plain column to sustain steady compression only ; no 
‘doubt it would be best cast upon its side, for the simple 
reason that itis nearly certain that half of its sectional 
area will be sound metal after making liberal allowance for 
accident in casting, and this all along its entire length, 
and such a large allowance does not seriously impede its 
use, considering that it will bear such very high compres- 
sive strains with safety. But in the case of the Tay Bridge, 
parts of each column seem to have been in compression and 
parts in tension. Again, the columns on either side, i.e., 
any column in the structure, might at any moment be 
thrown entirely as regards its body into either tension 
or compression, or very suddenly alternated under both 
kinds of strains. Then how would it be best to cast such a 
column if it must be cast? Probably on its end for the 
purpose of securing uniformity in the strength of the snugs, 
in which case a long head nearly the size of the fla in 
diameter would be cast at the top to be afterwards cut off 


in the lathe ; but even in this case the top snugs for carry- 


ing the bracing might ibly be as hollow as a drum. 
Now many people would consider this an exaggerated state- 
ment, which is precisely the pertent point I wish to meet 
in this letter, and so accomplish my part in avoiding such 
calamities in the future. 

First, then, I have seen a column sustaining the roof of 
an important building belonging to a noted iron manufac- 
turer with half its sectional area perfectly hollow, as per 
sketch, Fig. A, the secret cavity having been suddenly 
opened by a blow from a bar of iron while moving it 
around in the building, which was an iron store. 
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Secondly, [ have seen a large iron column requiring to 
bear either tension or compression under heavy wind pres- 
sure develop during its dressing a hole as per sketch B. 

And to show how little is understood, or otherwise how 
little care {and responsibility it is possible for a contractor 
to feel, I may mention that not only have I seen a patch 
secretly put in such a column after it has been condemned 
(as per Fig. C), but I have further seen the same identical 
column secretly shipped by direct instructions ; the manu- 
facturer and his manager arguing afterwards in justification 
that it could dono harm as there was plenty of metal left, 
and such-like attempts to avoid a little pecuniary loss. 
Thirdly, in testing thousands of samples of cast iron in 
various ways I have occasionally seen a specimen break 
more than eighty od cent. below the average of such sam- 
ples without anything a Vy wrong outside before the 
strain was applied. AndI have often obtained a variation 
of forty per cent. without much difference being noticed in 
= ow by an inexperienced person. 

ow, Sir, imagine such columns as those shown at A and 
B placed at the extremities of the hexagonal piers of the 
Tay Bridge with their defective parts outwards, and the 
picture of horror is complete, but not impossible ; for I will 
venture asa caution to engineers generally to make the fol- 
lowing statement, viz.: That there are no manufacturers 
able so say that these conditions as illustrated in Fig. 15, 
es and Fig. B, do not exist in what may appear to them 
to be sound castings under ordinary good every-day practice. 
And if this be so what is to be said of the many structures 
built where cast iron is employed in a similar manner? Why 
that they are not absolutely reliable unless there is an ex- 
ceedingly large margin of strength allowed above the ordi- 
narily accepted practice. I must say thatit is not pleasant 
with my large experience about this metal to contemplate 
eee number of undeveloped flaws—not to say the 
patches—in important existing structures. 

It will probably never be known in the case of the Tay 
Bridge whether a wrought-iron tie rod gave way first, or 
whether an entire column snapped, or if the breaking of a 
defective snug caused the sad smash. But atleast a useful 
result will have been attained if a most uncertain and unre- 
liable metal in places where tensile or suddenly alternating 
strains occur is in future avoided altogether or otherwise 
used only with the utmost caution. 

I an, Sir, yours faithfally, 
GEORGE BARKER. 
P.S.—My remarks generally apply to the best foundry 


practice in the outer. r 
irmingham. 


77, Colmore Row, 

To THE EDITOR OF ENGINEERING. 

Srr,—At the Tay Bridge inquiry, several witnesses said 
they saw sparks coming from the wheels of the engine. It 
is well known that sparks are given off from the driving 
wheels when an engine is reversed at fullspeed. Supposing 
this to have been done, the sparks seen are accounted for ; 
but the driver must have or goon reason for reversing in 
the middle of the bridge, and a fair inference is that he saw 
something wrong with the bridge. 

The —— of the driving gear of the engine in the 
bed of the river may easily be as ined, and thus im- 
portant evidence may be forthcoming, tending to clear up 
the cause of this disaster. 


I am, Sir, yours ey, 
W. B. Mongs, Jun. 
Hanhan, Bristol, Jauuary 13, 1880. 








To tHe Eprror or ENGINEERING. 

S1r,—I shall be much obliged if you will allow me for 
a few remarks on the subject of the wind strains on the piers 
of the Tay Bridge. 1¢ seems to me that, asthe train is not 
a part of the bridge, or attached to it, the leverage exerted 
by it will not act at the centre of wind pressure, but at the 
level of the rails, and that for the same reason the pressure 
on the girders will pass to the piers at their bed level. I 
have worked out the stability under these conditions with 
the following results. The wind pressure is taken at 35 lb. 
per square foot, except on the exposed part of the lee 
girder, where it is taken as being 201b. per square foot. 
This, no doubt, allows an excessive pressure on the train, 
supposing the general force of the wind to be-that stated ; 
but as we have no reliable data to go on as to the force of 
wind after passing between bars, the pressure stated must 
be taken simply as an illustration of the ‘action of the 
forces. The weight of the train is taken at 120 tons, the 





and the area exposed to the wind as 1620 square feet, the 
centre of pressure being 7 ft. above rail level. The weight 
of the girders is estimated at 200 tons, as stated in Mr. 
Gilkes’ paper, the centre of gravity being 5 ft. 6 in. above 
the girder beds, and the collected wind pressures acting at 
a height of 14ft. above the undersides of the girders. 
The wind pressure on the train will be 25.5 tons, 
resulting in a force of 25.5 tons acting horizontally at rail 
level, and of 71 tons acting vertically downwards through 
the rail. In the same way the wind pressure on the 
girders will result in a horizontal force acting at the level 
of the girder beds of 17.4 tons, and a vertical downward 
pressure in the centre line of the lee girder of 32.4 tons. 
The vertical pressures being mped together, it will be 
found that the centre of stability is shifted 1.29 ft. to lee- 
ward of the centre line of the bridge. The leverages on 
the pier reduced to foot-tons are as follows: For the train, 
25.5 tons x 84.5 ft.=2137.8; for the girders, 17.4 tons x 
82 ft.=1426.8; for the columns, 12.5 tons x 41 ft.=512.5, 
total 4077.1 foot-tons. The forces, due to weight, main- 
taining the stability of the bridge are, for the girders and 
train, 320 tons x 9.66 ft.=3091.2; for the pier, 100 tons x 
10.95 ft. =1095, total 4186.2 foot-tons, leaving a balance in 
favour of stability of 109.1 foot-tons. The whole of this 
argument supposes that the outside columns were capable 
of supporting the whole of the pressure, or at any rate a 
very large share of it, and I do not for a moment assert 
that such was the case, though it must have been more 
nearly so than could have been expected, unless the recorded 
wind pressures are much overstated, or their effect on the 
structure was less than is supposed. I do notsay anything 
about the strains on the braces nor on the foundations, for 
with the small amount of exact information before 
us, it is impossible to do much more than guess at 
their action. I hope that, before long, accurate 
drawings and details will be published both of the 
girders and piers, so that all those who are in- 
terested in bridge construction may be able to study the 
strains on all parts for themselves. I say that we should 
have drawings of the girders as well as of the piers, for if 
the state of things which I have quhenveunel ' to examine 
existed, there would be an excess of pressure from movin 
load on the leeward girder of some 49 tons over that whic 
would be exerted by the same train under ordinary circum- 
stances. It will be obvious, I think, that some parts of 
the leverage, due to the wind pressure on the train, would 
be taken up by the nearest piers; this would amount, in 
the case under consideration, supposing half the train of 
160 ft. in length to stand on each side of a pier, to about 
6.7 tons, but a like proportion of the weight of the train 
would also be transferred to the adjacent piers. I must 
apologise for the length of this letter, and hope that the 
interest of the subject may excuse it. 
I am, Sir, your obedient servant, 
ReGInaLp E. Mippueton, A.M.I.C.E. 

5, Westminster Chambers, January 14, 1880. 

[We publish Mr. Middleton’s letter, butif he reconsiders 
the matter he will see that the height of the centre of 
gravity of the train above the rails, and the height of the 
centre of gravity of the girders above the beds on which 
they rest, has nothing whatever to do with their initial 
stability against wind pressure, although it affects the rate 
at which that stability diminishes when canting has com- 
menced. He will also find that there are no grounds for 
assuming that the side pressure of the wind on the train 
acts at the rail level. So long as the stability of the train 
is such that the carriages do not cant or shift on the rails, 
the fact of their not being fixed to the latter can of course ir 
no way influence the result. We have shown, in our recent 
articles, that the stability of the train on the rails was 
greater than that of the iron piers on the masonry, and 
therefore, according to the theory above advanced, it would 
be more legitimate to regard the wind pressure on the whole 
structure as acting at the level of the masonry than to re- 
gard the wind pressure on the train as acting at the rail 
level.—Eb. E. 








PAPER CARBONS FOR ELECTRIC LAMPS 
To THE EDITOR OF ENGINEERING. 

Srr,—It happened many years ago as I chanced to call 
— my neighbour, Mr. Joseph W. Swan, that I took up 
what I imagined to be a piece of watch-spring of a grey 
colour, as if it had been heated to take the temper out. By 
my careless handling I broke it, and he informed me that 
it was paper which he had prepared, and ignited in a 
potter’s kiln till it was hard enough to bear careful hand- 
ling, and be fitted up in a vacuous flask as an electric lamp. 
He discussed with me the probable influence upon the 
carbon of sizing and other matters with which the paper 
or card might be accidentally or intentionally impregnated, 
and the probable merits of nitrogen or carbonic oxide 


vacua. 

The carbons he produced at that time were grey, with 
something of a plumbago lustre, sonorous, and with sufli- 
cient elasticity to bear slight flexure. By passing the 
electric current through one of these under an exhaus 
receiver he obtained a beautiful electric light for a short 
time, the breakdown of the carbon being the result of an 
imperfect vacuum. Mr. Swan expressed his conviction 
that this method would ultimately become the most prac- 
tical mode of obtaining a steady and useful electric light. 
A year or two ago he resumed experiments in this direction, 
the chief difficulty to be overcome being the removal of the 
troublesome atmosphere of the lamp. His improved Sprengel 
pump (Swan and Stearn’s) and other means which he has 
taken to improve the vacuum, now promise to yield a light 
of satisfactory permanence as well as of great steadiness 
and beauty. 

Though much noise has been made about Mr. Edison’s 
so-called discovery of paper carbons for his lamps, I do 
not think the success of the lamp will much a upon the 
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centre of gravity of the mas being 5 ft. above rail level, 





use of paper or card earbon ; if it does, Mr. 
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Mr. Edison in this matter by many years. The success and 
permanence of lamps depending upon incandescent carbon 
tn vacuo, will depend mainly upon the proximate ‘perfection 
of the vacuum, and the perfection of the electric connexions. 
There is no great difficulty in obtaining a “ vacuum,” 
but to maintain it is more difficult with a lamp and 
all its attachments, but this difficulty Iam glad to think 
Mr. Swan is likely to overcome before long. I might add 
some few more details to the above, but it is probably 
better that Mr. Swan’s results should come from himself in 
due course, and I must content myself with giving publicity 
as a disinterested witness to the fact of my having many years 
ago seen Mr. Swan’s paper and card carbons for incan- 
descent lamps, and having repeatedly seen, within the last 
year or two, his experiments undertaken with the view of 
giving the lamps a satisfactory permanence. 
Yours truly, 
BARNARD S. Procror. 
11, Grey-street, Newcastle, January 13, 1880. 








THE INSTITUTION OF CIVIL ENGINEERS. 
To THE EDITOR OF ENGINEERING. 

S1r,—The only effective remedy for the ‘dissatisfaction 
so generally prevalent, in regard to the selection of some 
of the names which appeared in the last ‘‘ house list,’’ and 
which found some expression in the attempt made at the 
last annual meeting, to “‘ run in’’ an outside candidate, is 
undoubtedly that which you have all along recommended, 
viz., that such alterations in the present mode of election 
as will admit of members proposing for insertion in the 
** house list,’’ (when, as is usual, it is submitted for their 
approval at the meeting preceding the annual election), the 
names of any other members, who in their opinion are 
entitled by their ability and recognised standing in the pro- 
fession, to have their claims of fitness for the position of 
Members of Council decided at least by a reference to the 
judgment of their fellow members. The adoption of such 
a procedure, which is found to work so well in the case of 
the sister institution in Victoria-street, is, I venture to 
think, especially to be desired in the interest of the 
Members of Council themselves, as it will at once and 
for ever put an end to the misconstruction which at 
present, I fear, too often attaches to the motives which 
are supposed to govern the Council in the omission of certain 
names from their list. 

Another and most necessary alteration required is in 
the period fixed for these annual elections, the present bye- 
laws, for some inexplicable reason, most perversely re- 
quiring that they should be held ‘‘ on the Tuesday previous 
to Christmas Eve,”’ a time which is notoriously inconvenient 
for the attendance of any one, and which, owing to the 
stringent requirements of the charter, amounts in the case 
of the non-resident members, to what can only be described 
as a positive disability attaching to by far the greater 
proportion of the members of the Institution. 

It may not be generally known that the maximum num- 
ber of votes given at any of the recent elections, does not 
amount to more than ten per cent. of the entire number of 
members and associates, the proportion of non-resident 
members constituting, as might be expected, a very small 
proportion indeed. It is chiefly to this cause, no doubt, 
that we have at the Council Board so few representatives 
in the shape of non-resident candidates. 

I am glad to find that the main object of the recent 
demonstration has been realised, and that the necessary 
requisition will shortly be made to the Council, calling upon 
them to convene a special meeting with the object of 
making the slight alterations in the bye-laws required to 
give effect to these important and most necessary adminis- 
trative improvements, and thereby to remove what cannot 
fail to be recognised by those who have the real interests 
of the Institution at heart, as constituting the chief obstacle 
to its continued success. 

I am, Sir, your obedient jar 


Westminster, S.W., January 14, 1880. 





To THE EDITOR OF ENGINEERING. 

Sir,—In your remarks on the annual report presented 
at the meeting on the 23rd ult., you say, in reference to the 
division of the associate class: ‘‘ This task was conscien- 
tiously and thoroughly completed, but not, of course, to 
give universal satisfaction.’” From the following state- 
ment of my own case, I would ask you and your readers to 
judge whether it is likely that I, and any others similarly 
dealt with, could reasonably be expected to rest satisfied. 

When serving my time with a civil engineer I me, in 
1873, a student of the Institution, being found to be duly 

ualified according to the bye-laws. While in that grade 
? obtained a Miller Prize. Early in 1877 I passed into the 
associate class, and my “ time’’ meanwhile coming to an 
end I worked as assistant with various engineers, and was 
elected a member of the Institution of Civil Engineers in 
Scotland, and a Fellow of the Royal Scottish Society of 
Arts. At the time of the division of the associate class, 
fate decreed that I should be engaged with a patent agent 
(at present I am not employed on oy duties connected 
therewith) and I have consequently fallen under the ban 
of the Council, and notwithstanding my protest I am, on 
the shadowy authority of ‘the directions of the special 
general meeting of December 2, 1878,” given to under- 
stand that I am not an engineer. The Council having 
shown at the time of my admission that it considers me 
duly articled, it is naturally difficult for me to see why I 
should now be placed outside the pale of the profession. 

Tam, Sir, ours, &c. 

London, January 15, 1880. IcHOLAs WATTS. 








Sours Arrican Rartways.—The Beaufort West line 
is being pushed forward rapidly, and tives will soon 
be -“ work hauling ballast within the Beanfort muni- 
cipality. 








THE RELATION. OF POWER AND SPEED 
IN STEAMSHIPS., 
To THE EpITorR oF ENGINEERING. 
S1r,—The concluding paragraph of my letter in your 
last issue contains a statement,that should have been cor- 


rected at the same time as the rough diagram in pencil on | 


which it was based. 

In the case of H.M.S. Shah, as shown by diagram 
(Fig. 3) and numerical statement rae III.) the ‘ indi- 
cated thrust” for the full speed trial was less than given b: 
the geometrical progression, not greater, as the paragrap 
in question would make it appear. 

Seeing that this oversight tends, to put the performance 
ofa bs ier seogrrasid ship in an unfavourable light, I trust 
you give the correction a place in your columns. 

I an, Sir, yours truly, 
London, January 12, 1880. F, B. Epmonps. 








DRIVING BY WIRE ROPES, 
To THE EDITOR OF ENGINEERING. 

Sir,—Can you or any correspondent kindly give me 
reliable data to calculate the adhesion of steel wire ropes 
on pulleys to drive machinery, also data to determine the 
best section of the groove and the smallest. diameter of 
pulley to be used with different thickness of rope. Y 


[We know of no English work dealing with the matter 
of which our correspondent speaks ; but he will finda good 
deal of valuable information on the subject in Reuleaux’s 
‘* Maschinen Constructeur.’’—Ep. E.] 








GAS ENGINES. 

To THE EDITOR OF ENGINEERING. 
S1r,—I have read with great interest the able letter on 
as engines, by Mr. D. Lane, the more so as I had i a 
ore now to send you an essay on the same subject, but 
have been delayed by the difficulty of obtaining certain 
data required.. Being, therefore, forestalled by Mr. Lane, 
it will be better perhaps simply to make a few observations 
on the subject, rather than send you a long essay which 
goes over partly the same ground, and arrives at much the 
same conclusions. Firstly, then, I would call your 
attention to an evident misprint or slip of the pen in Mr. 
Lane’s letter. I refer to the theoretical quantity of coal 
uired per indicated horse power per hour being given as 
one-twelfth of a pound, which is manifestly an error, the 
fraction immediately preceding giving the correct value, 
namely, from one-fifth to one-sixth. I would further 
observe, that I think Mr. Lane’s estimate as to the efficiency 
of the steam engine using 2 1b. of coal per indicated horse 
power per hour rather low. It must be remembered that 
the slack used for boiler purposes is usually of very poor 
quality, containing large quantities of dirt and water, and 
that consequently it would probably require }1b. of such 
coal for one indicated horse power, even on theoretical 


grounds. If this be allowed, it gives the efficiency as one- 
eo say, 12 per cent., as against 8 per cent. given by 
r. Lane. 


This, however, is not of much moment, as it in no way 
weakens his argument, and still leaves the gas engine 
using 20 cubic feet of gas far before the steam engine for 
economy. 

The chief points, however, to which I wish to draw 
attention are: 1st, the small efficiency of the gas engine 
itself ; and, 2nd, the great want of a cheap gas suitable for 
gas engines and heating purposes generally, such as cook- 
ing, warming rooms, &c. In regard to the first question I 
have been much puzzled by it, for a loss of four-fifths of 
the power of the gas evidently requires accounting for. In 
the paper I hoped to send you, I made a calculation as to 
what the temperature ought theoretically to be in the 
cylinder of a gas engine, such as Crossley’s, using 20 cubic 
feet of gas per indicated horse power per hour, at 160 reyo- 
lutions a minute, nine volumes of air to one of gas; and 
also from the law that gases under constant volume double 
their pressure with their tem: ture. 

Both these ways of theoretical calculation gave very high 
high temperatures, evidently quite impracticable for 
working purposes, and I then tried, but so far without 
success, to get the real yo rperon attained in practice at 
the beginning and end of the stroke. 

It was my want of success in this last particular which 
has prevented me from sending you the essay. It seems to 
me, however, that however large an amount we allow for 
the temperature of the exhaust and radiation, &c., from 
the cylinder, it can in no way account for the small efficiency 
of the gas, and I am driven to believe that the larger pro- 
portion of the gas in the cylinder never burns at all. re 
the more strengthened in this opinion from the fact that 
(other things been equal) the greater the pressure to which 
the mixture of gas and air is subjected, the smaller the 
quantity of gas ased. 

As regards the second question, of a cheap gas, we hear 
much ot water gas, &c. [am not aware whether this gas 
has been tried for gas engines or no, or whether’ it is 
suitable; at any rate, before the gas engine can take its 
proper place, and supersede (as I hope to see it do) the 
steam engine, this subject must receive the attention it 
deserves. Such a gas should not cost, at the most, above 
ls. per 1000 ft. if it is to be economical, and it would then 
come into use largely, both for gas engines and heating 
purposes generally. When that day arrives, and it may 
not be far off, all that will be further uired will be to 
make gas engines for the same price, and to develop the 
same power for a given size as a modern steam engine, and, 
lastly, a ready means of altering existing steam engines to 
gas engines. 

I need not dilate on the immense saving of coal this 
would effect, nor on the very different 7° ere we should 
enjoy. It would do much to hasten on that happy con- 
summation if you would from time to time, as opportunity 





serves, let your readers known, throught your excellent 
journal, what progress is being made in the matter by dif- 
erent workers. 
Yours sincerely, 
C. H. OPENSHAW: 
Butcher-lane, Bury, January, 1880. 


WATER BALLAST STEAMERS. 
To THE Eprror oF ENGINEERING. 

S1r,—In your late article on ‘‘longitudinal and bracket’ 
water ballast steamers and in cargoes, in connexion 
with which you published p eee Bom of the Fenton and 
Ridge Park built by my firm, you omitted to notice what I 
think is a not unimportant advantage possessed by the deep 
longitudinal system of double-bottom construction, over the 
old plan, I refer to the division of the water ballast tanks 
by the longitudinals into a number of separate com - 
ments, any of which can be made separately water-tight 
at a nominal cost, and could be used for trimming the ship. 

In grain-carrying steamers, if the ° should begin to 
shift, the outer or bilge compartment of either side could 
with this arrangement be quickly filled. This would in- 
erease the immersion of the vessel very slightly, and would 
in many cases be sufficient to right the ship and prevent 
the cargo shifting further. 

If you prefer to secure the cargo against the possibility 
of shifting, I agree with you, but this has not. yet been 
dene. Grain cargoes do shift, and it is at least worth con- 
sidering whether trimming tanks such as I have described 
should not be fitted in all t steamers. 

Your correspondent, Mr. M. W. Aisbitt, states that he 
had something to do with the design of the s.s. Fenton. 
This is not correct. The idea was not in any way suggested 
2 ag neither had he anything to do with carrying it 
out. 

Some of your remarks on the origin of this system are, I 
think, a little misleading. Yourarticle says: ‘‘ All systems 
of construction, and this among the number, are so much 
matters of evolution and continual improvement — the 

wth, in fact, of many minds—that it would probably be 
impossible to indentify it justly with any particular name.’ 
I have no wish to claim any particular credit in connexion 
with this system of construction. As a matter of fact, 
however, there was no evolution or gradnal improvement 
whatever going on or likely to be made when I altered from 
the old plan to the system I introduced, and there has been 
no evolution or improvement of any importance since. 
The ships built since, and being built now, are, so far as I 
have seen the plans, essentially the same design as in the 
Fenton, with simply such variations as naturally follow 
from the difference in size of the vessels; and they are cer- 
tainly not stronger ships in proportion to size than the 
Fenton. 

No doubt many minds had thought something about a 
better arrangement of strength than in the old floors and 
keelsons, but that—you will agree with me—is a. very dif- 
ferent thing from seeing the advantages of the innovation, 
and the practicability of carrying it out, so clearly as to 
undertake the labour and responsibility of introducing it. 

I am, Sir, yours faithfully, 


G. B. Hunter. 
Sunderland, January 12, 1880. 

[Mr. Hunter must be unaware of the many important 
changes made in the bracket system of construction in the 
mercantile marine since the Fenton was built, if he sup- 
poses they are merely such as arise from differences in the 
size of vessel. On the relative claims of Mr. Hunter and 
Mr. Aisbitt we do not propose to enter. Neither is now, 
we believe, connected with the firm of Messrs. Austin and 
Hunter the builders of the Fenton, and the public will 
require much fuller particulars relating to the design of 
that vessel before they will be disposed to question our 
statement that the recent development of the bracket 
8 yt 7 merchant ships is due toa process of evolution.— 

p. E. 


IMPROVED PORTABLE ENGINES, 
To THz EpiTor oF ENGINEERING. 

S1r,—Having carefully read Messrs. Davey, Paxman, 
and Co.’s letter I learn that their special engine is not 
built to my specification, but made “‘according to their 
own judgment,” the said engine, nevertheless, being on 
the one band a sudden and striking departure from their 
established practice, and on the other so closely resembling 
mine in its various novel points, that one descrip- 
tion covers them both (excepting the form of expansion 

r), and further that it was contracted for with a full 
owledge of my specification, and it may be added after 
the tender for my engine by Messrs. E. R. and F, Turner 
Tees tf tho ed in th facture of portabl 
appea! ose engaged in the manufacture o le 
engines who have known us both. Is not my inference fully 
justified that Messrs. Davey, Paxman, and Co.’s engine, 
if not built to my specification, is due to my inspiration, 
and that any benefit to be derived at the Diamond Fields or 
elsewhere from its use, are due in the first to me? 

It is now twelve years since Mr. S. Guthrie and I patented 
an automatic expansion suitable for portable engines, 
a particular method of making a wrought-irou frame 
suited for 130 lb. boiler pressure and quick speed{; and the 
engine so complete in itself that it could be used also asa 
fixed horizontal or vertical engine. It was the outcome of 
many experiments on portable engines with the dynamo- 
meter and indicator. Being locomotive engineers, we 
utilised our knowledge for the improvement of portable 


es. 

The great novelty of these plans is attested by the twelve 
years that have elapsed without their being generally 
adopted. Since then several persons have communicated 
me who wereabout torepatent the frame, and no obstacle 
has ever be placed in the way of any one who (like Messrs. 
M‘Laren) had first applied for leaye to use them. The 
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ui 
i discouraged the latter. 
long wrote down such things. The late Mr. Zerah Colb 
had favoured such views, and your paper illustrated and 
described these engines, the iples involved and their 
object, in 1869, has consistently supported similar views 


ever since. 

After such publication of my plans, and so much indiffe- 
rence and opposition, had any one made an engine so 
c i thereto as Messrs. Davey, Paxman, 
and Co.’s I might have called the design my own. 

Messrs. Davey, » 
the early volumes of your journal to which special reference 
was , or they could not have written, “‘Mr. Hartnell 
appears not to have matured his ideas until the autumn of 

last year, whereas, in 1878, we had, &c.,’’ it having been 
specially mentioned that the 8-horse power was illustrated 
in ENGINEERING of June 18, 1872. 

Pn nm my he = es page 369, May 23, 1873, = 
i engines le for copper mining purposes for 
South America, where, as in Africa, fuel was , a and trans- 
port difficult. The winding engine with two cylinders 7} in. 
in diameter by 15 in. stroke to indicate 70 horse power at 160 
revolutions with 120 lb. boiler pressure, was actually tested 
by Mr. John a awe at over 400 Ce per minute, 
showing its power of winding quickly. e small engine, 
not illustrated but described, had cylinders 6 in. in dia- 
meter and 9 in. stroke, to indicate 20 horse power with 
120 lb. pressure at 220 revolutions {per minute. Both these 
engines were constructed under my patent ; the latter had 

tent governor, both had balanceweights on the crank 
chee d both were built by Messrs. E. R. and F. Turner. 
This was seven years ago. Are the mining engines since sent 
to Africa mach in advance of these ? 

Meantime I have matured fresh ideas, and for some time 

t exported a yet better engine for such pressures. 

uch an engine buil tin accordance with these matured plans, 

suited for 140 lb. pressure, capable of very high speed, is 
on its way to Africa. 

Messrs. Davey, Paxman, and Co. state|that they pro- 

a@ special engine last spring for higher pressures. 
Could they not then have persuaded their customer to accept 
some form of automatic expansion, which at 80 lb. would 
save, say, two-thirds of the possible saving of fuel at 140. 
Did they make it clear that fuel to the value of 1001. a 
year could be saved at ordi pressure? The final result 
was that they built an ordinary —— wood fuel at $d. per 
pound notwithstanding ; the fact that they failed to con- 
vince where I afterwards succeeded will on this supposition 
establish the latter half of my claim. Messrs. Paxman, say 
they know their ideas of improvement were communicated 
tome. They are much mistaken. 

Had any such proposals as the engine embodies been com- 
ae to me a ae much oe ate in 
strongly supporting them. Neither in correspondence or 
in enn with the gentlemen they have named did I 
gather a traceof such views from any quarter, rather the 
contrary, it struck me (I may have been mistaken) that 
they would have liked something ,better from the first, 
which they did not get, hence 1 suggested my “ cut and 
dried’’ plans, and the next engine bought was made in ac- 
cordance therewith. 

In regard to other matters alluded to by Messrs. Davey, 
Paxman, and Co., they are further mistaken in supposing 
that I even mentioned their a If, however, they 
mean the cut-off gear, the following was designed by me, 
for the late Messrs. Ferrabee, of Stroud, some twenty years 

, whose vertical engine at the Chester show had the cut 
off varied by rolling a small wheel round the crankshaft 


with one eccentric rod. Their vertical engine from the las 


same pattern was conspicuous near the main door of ma- 
chinery annexe in the Exhibition of 1862, driving shaft- 
ing, and was the only engine that I observed in motion 
besides the ‘‘ Allen’ engine that was governed through the 
expansion gear. There were two eccentrics on the counter- 
shaft of different throws, with two eccentric rods of dif- 
ferent lengths, connected by a straight link moved by an 
ordinary dulum governor and acting on a piston valve 
at the back of the slide case. 

My governor was the result of much experience in piston 
valves, locking gear, and other delicate appliances. I saw 
that for small engines simplicity was essential, and accom- 
plished my object as it were by main force, substituting a 
very powerful governor to shift the eccentric, free from 
complication. 

In portable and small engines, with less than 10 in. 
cylinders, my governor is for simplicity attached to the 
main valve, but for larger sizes a separate expansion valve 
is used. Messrs. Paxman ask, will a single valve compare 
favourably with a double valve? I must refer them for an 
analysis of this matter, and a tabulated comparison of 
single and double valves, to my letter published 5th of July, 
1872 (ENGINEERING, vol. xiv., page 16). Bri a double 
valve has an advantage of about 4 per cent., although at 
the Cardiff trials, Turner’s single ide required less water 

r indicated horse power (27.6), than some engines with 

ouble slides, including Messrs. Paxman’s, showing that 
trials of dissimilar engines will not test such nice points, 
even judging by the weight of water used. 

Obvi such a test as proposed on the basis of the 
iff trials, where the fireman himself may count for 25 
per cent., would be absurd for such a purpose. I am, how- 
ever, much pleased to note that Messrs. Davey, Paxman, 
and Co., who know by experience what the expense of such 
a trial is, are willing to have their engines tested in public 
competition, and trust that others may join them in in- 
ducing the Royal Agricultural Society to have another 
series of engine trials without restriction as to speed or 
pressure. 


and Co. have probably not got h 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wi , 
The Iron Market.—The market on Tuesday was most 
a. It has usually been the custom for the Cleve- 
d market to catch its tone from that of G Ww. 
On Tuesday, however, the ordinary rule was entirely a 
gated, and with Scotch iron at 72s. 6d. the price of No. 3 
eland Pig for delivery a week or two ahead ran 
up to 65s. e figure for prompt delivery was 62s. 6d. 
and less would not be accepted phe wang The market 
was, however, largely speculative. Most makers did 
not show an inclination to sell to the first comers but 
eld back for regular customers, and merchants ap; 
to deem it their chief business to bull apparently with the 
knowledge that 105,000 tons of iron were held in warrant 
stores, and could be thrown upon the market whenever it 
might suit their convenience. 
Pig Iron Production.—The output of pig iron is ex- 
to be very much larger this month than it was in 
mber, when a great increase upon any previous month 
of last year was witn Three or four furnaces will be 
ut in blast before the end of the month, and others are 
foies actively prepared. 
Shipments.—The quantity of iron exported from the 
port of Middlesbrough continues large. The American de- 
mand is good, and shows no signs of abatement, and the 
Co ntinental demand is again springing up. 
Blast Furnaces in the Market.—The Loftus furnaces 
are now offered for sale. These two furnaces have been out 
of blast for about four years. They are well situated as 
regards the ironstone, but are too far away from the coal, 
and the disadvantage in this respect, andthe extra railway 
dues for conveyance of pig iron, more than counterbalance 
the former advantage. But when the production of iron is 
now realising a handsome profit, these things ought not to 
militate against the furnaces. 
The Manufactured Iron Trade.—Manufacturers state 
that they have a sufficiency of orders in hand. There isa 
steady upward tendency in prices, but no inflation. Prices 
merally have gone up 5s. per ton during the week. 
essrs. Dorman, Long, and Co. are extending their opera- 
tions in the Britannia Iron Works, which are now resum- 
ing the brisk a rance which used to characterise them. 
The works of Messrs. Jackson, Gill, and Co., at South 
Bank, will be sold next month. The scheme for the re- 
construction of the North Yorkshire Iron Works Company, 
at South Stockton, is as and it is very _ 
bable that the works of that company, which have been 
idle for more than five years, will shortly be put in order 
for restarting. 
The Steel Rail Trade.—Messrs. Bolckow, Vaughan, and 
Co. are so busy in the carrying out of old orders that they 
are not quoting at present. Prices of steel rails have 
ascended more than 100 per cent. within the last four 
months. 

Iron Shipbuilders’ Wages.—The pistes and rivetters 
of Messrs. R. Dixon and Co., at Middlesbrough, who are 
demanding an advance of 15 per cent., are causing consider - 
able dissatisfaction to the remainder of the union men on 
Tees-side, who think the request premature. It appears to 
have been the intention of the whole “iron men”’ on Tees-side 
and at Hartlepool to seek for an advance in the spring, but 
Messrs. Dixon’s men have not been content to stay. The 
matter has been under the consideration of the whole of 
the masters, but no decision has been arrived at. 

The Coal Trade.—The demand for coal of every descrip- 

a= — coke is very good. Prices are unchanged from 
week. 

The Engineering Trades.—In the marine engineering 

department especially there is quite an acceleration of 

business. Generally engineering prospects are improving. 








LEONARDT’S SAFETY APPARATUS. 

We annex engravings of a simple arrangement of 
safety apparatus for mine cages, which has been designed 
and patented by Mr. F. Leonardt, of Birmingham, and 
which is being introduced by Messrs. Johnson and Co., of 
Dudley. Theapparatus consists of two parts, namely, a 
detaching arrangement which comes into operation in 
the event of overwinding taking place, and an arrange- 
ment of cams which clips the guide ropes, thus prevent- 
ing the cage from falling when the detaching gear has 
operated, and which also comes into action in the event of 
the rope breaking. Both these appliances will be readily 
understood from our engravings. 

Referring to our illustrations it will be seen that the 
connexion between the rope and cage is formed by a pair 
of wedge pieces A A, which are encircled and held together 


a copper pin C. As long as the parts are thus kept 
together, as shown by the right-hand views, the two 
wedge pieces cannot disengage, and the cage is firmly 
supported. In the event of overwinding occurring, how- 
ever, the collar B strikes against a crosshead, which is 
suitably fixed to the pit frame, and through which the 
rope is led, and this crosshead arresting the ring B, the 
pin C is sheared, and the two wedges A A draw apart, 
as shown by the left-hand views. 

When thus detached the cage would fall to the bottom 
of the pit if it were not held up by,the other part of the ap- 
paratus. This consists of clips E E encircling the guide 
rope and fitted with eccentric cams F, which so long as 
the cage is properly suspended from its rope, are held 





Yours traly, 
Leeds, January 14, 1880. Witson HARTNELL. 





by the strong ring B, this ring being kept in place by | 4. 





clear of the guide ropes by thechains J J arranged as 


shown. In the event of the cage being detached or the 
suspending rope breaking, however, the chains J J are 
of course allowed to fall loose, and the springs G G then 
force thecams F F against the guide ropes, causing them 
- grip the — a the form of the cams it follows 
at the weight of the e hanging on them increases 
the firmness of the a . 
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The cage at No. 30 pit, belonging to the Earl of Dudley, 


was some time ago fitted with Mr. Leonardt’s apparatus, 
and we understand that it has served its purpose well, 
both when tested experimentally and under the con- 
ditions of ordinary practice. The arrangement is very 
simple, and little likely t> get out of order. 
portance to mineowners of a trustworthy apparatus of 
this kind it is scarcely necessary to dwell, and we need only 
add that we consider that no shaft should be worked 
without the cage being fitted with a mechanical arrange- 
ment to perform the duties which Mr. Leonardt’s ap- 
paratus has been designed to carry out. 


On the im- 





Lonpon AND SUBURBAN RAILWAY OFFICIALS’ Asso- 


CIATION.—Under the presidency of Mr. William Adams, 
C.E., superintendent of the Locomotive Department, Lon- 
don and South-Western Railway, a full meeting of mem- 
bers took place at the Mansion House Station Rooms, on 
Saturday evening last. 
the occasion entitled ‘‘ Hydraulic Machinery, Past and 
Present.” 
way, and, aided by ye 
riety 

uring the last two thousand years. Coming to modern 
times ample justice was done to Sir William Armstrong 
and other celebrated hydraulic engineers. An instructive 
discussion, in which ‘Mr 

Newton, and others shared, followed the paper, and the 
chairman, in putting the vote of thanks to the reader, 
stated that it was owing to a suggestion made to himself 


Mr Henry Adams read a paper on 


The author dealt with the subject in an able 
diagrams, explained a vast va- 


of water motors and engines devised and constructed 


. Tweddell, Mr. Homfrey, Mr. 


by the President of the Foremen ’ Society the 
present series of scientific and practical papers was 4 
introduced at the Railway cials’ meetings. Mr. J. 
Newton—after the lecturer had gracefully ‘eobusuleigel 


the compliment paid him, said that he was glad to have 
been of some service to so 
of the Rail 
time might 
rather late hour the proceedings closed with a cordial vote 
of thanks to the chairman. 


valuable an institution as that 
Officials of London, and at some future 
its members ‘‘ how to make money.” Ata 
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THE HARDENING OF IRON AND STEEL. 
On Hardening Iron and Steel ; its Causes and Effects.* 
By Professor RicHarD AKERMAN, Stockholm. 
HARDENING has, as is well known, been employed from 
time immemorial in order to make steel hard, but itis alsoa 
long time since it became known that the strength and 
tenacity of iron could be increased by the same operation. 
The knowledge of the effects of hardening, especially on 
iron, is, however, by no meaus so complete, and still less so 
generally diffused, as is desirable. This question has, be- 
sides, acquired increased interest through the Paris Exhi- 
bition, and above all from the Terrenoire exhibit of Siemens- 
Martin castings of extraordinary st hh and free from 
blow-holes ; and as at the meeting of the Irou and Steel 
Institute in Paris I ventured to give expression to the view 


that the reason why the strength of undrawn Martin cast- 
ings may be equal to that of drawn ingot-metal of the same 
d of hardness, must be sought for in the compression 


induced by the hardening, I have considered it to be my 

duty to endeavour to explain the reasons of this in greater 

detail. For this purpose, howéver, it is necessary in 

the first place that we endeavour to make ourselves 
uainted with the nature of hardening. 

e Different Modes of Occurrence of Carbon in Iron.— 
Commonly the carbon occurring in iron is separated only 
into two principal varieties, viz., graphite and combined 
carbon, the latter of which is differently named—by some 
dissolved, and by others amorphous eaten. The graphite 
found in iron is, as is well known, carbon in a quite dis- 
tinct form, or in other words only mechanically incorporated 
with the iron, and it is accordingly obtained as such when 
pig iron is dissolved in an acid. The so-called combined 
carbon, on the other hand, when the iron is dissolved in 
boiling hydrochloric acid, escapes as carburetted hydrogen 
if proper attention be given to the dissolving process, 
so that the boiling commences almost immediately after 
the addition of the iron to the hydrochloric acid, and is con- 
tinued uninterruptedly for a sufficient length of time without 
access of air. Ifthe iron, again, be dissolved in cold hy- 
drochloric acid, which is only warmed after a little, a 
part of theso-called combined carbon also in general re- 
mains as a black residue, and this is apt to be the case in a 
still greater degree if the air has had readier access, for in 
that case it appears that humus-like substances may be 
formed by its action on a part of the combined carbon. 
More or less of the combined carbon remains as an un- 
dissolved residue according to the different ways in which 
the solution is carried on, and its being completely driven 
off can be reckoned on with certainty, only provided the 
solution proceeds in acid which is brought immediately to 
continuous boiling, without access of air in the way first de- 
scribed. M. Caron,t and after him Herr L. Rinman,t have, 
moreover, further discovered that the quantity of carbon 
remaining undissolved when steel is dissolved in cold by- 
drochloric acid may be very different, according as the 
same steel was differently treated before dissolving. Thus, 
raw steel undrawn on being dissolved in this way gives a 
much larger residue of undissolved carbon than the same 
steel when rolled, and the latter more than when it is drawn 
out under the hammer. Finally, this residue of carbon ap- 
proaches to none at all in the well-hardened steel. If this 
well-hardened steel be heated anew, it yields again a large 
residue of undissolved carbon, and this in a degree pro- 
portioned to the duration and intensity of the heating. 

These facts undoubtedly indicate that the so-called com- 
bined carbon does not occur in the iron always in the same 
way, and as we have every reason to suppose that the 
carbon wasin more intimate union with the iron in the 
same proportion as it was, on the solution of the iron being 
pes L out in the same way, the more completely driven off 
as carburetted hydrogen, and the less it was separated as 
carbon, it appears that we may conclude from these circum- 
stances that drawing, and, above all, hardening, cause a 
more intimate union between the iron and the carbon, this 
union on the other hand being again relaxed by the renewed 
heating and subsequent slow cooling of the iron. It thus 
appears that the carbon commonly called combined ought 
properly ,to be divided into two kinds: viz., t, the 
carbon most intimately combined with the iron, which we, 
in accordance with Rinman’s proposal, shall calk hardening- 
carbon, inasmuch as it characterises the well-hardened 
steel; and, further, the carbon incompletely combined 
with the iron, which may be said to be in a sort of passage 
to graphite, and which Rinman called cement-carbon, be- 
cause it occurs in largest proportion in the undrawn raw or 
cement steel. 

If we now inquire what the circumstances are on which 
it depends whether more or less of the so-called combined 
carbon in a malleable iron or steel exists as hardening or 
cement-varbon, it immediately appears that the latter is 
changed into the former by a heating to a red heat suc- 
ceeded by a violent forcing pe age continued until cool- 
ing is ost complete ; while ane ean Heer on the 
other hand, is changed into cement-carbon by long-continued 
heating followed by slow cooling without extra compres- 
sion. In order to show that iron and carbon may be com- 
bined by pressing together more easily than otherwise, 
Caron upon an anvil covered with charcoal in fine powder 
hammered out quickly a strongly heated piece of iron, which 
in this way was steeled on the surface, while another piece 
of the same iron heated as strongly, which was imbedded in 
similar charcoal powder, and allowed to cool in it without 
hammering, did not show the least sign of steeling. 

In the case of strong hardening of hard steel, we have 
the most powerful compression, for the rapid cooling pro- 
duces a great difference of temperature between the oater 





* Paper taken as read at the Liverpool meeting of the 
Tron and Steel Institute. 
Comptes rendues des Séances de 1’ Académie des Sciences, 
 f Otketcigt af Kungl. Vetonskapeskedemions Féchand 
F i ungl. Vetenska; iens Férhand- 
lingar, 1865, page 446, 





and the inner layers of the piece, the more cooled exterior 
layers compressing the interior with greater force in pro- 
portion, partly as the latter are expanded by being more 
strongly heated, and partly as the limit of elasticity of the 
substance is high, so that there is not too great a loss of the 
compressing force by the extension of the exterior layers. 
Again, that hammering favours the conversion of cenient. 
carbon into hardening-carbon, or the more intimate union 
of the carbon with the iron in which it occurs, more than 
rolling, may at least occasionally to some extent be attri- 
buted to the more powerful compression exerted by the 
hammer, but still more to the circumstance that the iron or 
steel, when the rolling is ended, commonly has a far 
higher temperature than when it has been drawn out under 
the hammer. For if the iron or steel be still red hot when 
the drawing is finished, a part of the carbon con into 

ening carbon, or more intimately united with the iron 
during the compression to which it has been subjected, may 
be again changed into cement-carbon during the succeeding 
slow cooling. 

There is thus a very complete correspondence between 
the occurrence of hardening and cement-carbon and their 
mutual conversion in malleable iron and steel on the one 
side, and the relations of the combined carbon and the 
graphite in pig iron on the other. It is, however, not im- 
probable that the so-called combined carbon may occur in 
pig iron also in two ways- A grey but not too siliceous 

ig may, as is well known, be converted into white pig iron 

y melting, followed by sufficiently rapid cooling, as by cast- 
ing in thin plates in a form adapted for rapid cooling ; or, if 
the rapidity of cooling be not sufficiently great in this way, 
by so-called granulating in water, or some yet more rapid 
mode of cooling. On the other hand, a white pig, some- 
what rich in carbon, but not ss too much yf 
nese or sulphur, may, by melting and superheating, fol- 
lowed by casting in a heated mould which cools with 
sufficient slowness, be conve into grey pig iron. But 
in order to change to grey a white pig of the nature de- 
scribed above, it is quite unnecessary to remelt it ; for the 
greater part of its combined carbon may also be con- 
verted into graphite merely bya sufficiently long-continued 
heating to a strong yellow heat, air and other oxidising 
substances being excluded. 

Graphite as such cannot be found in the molten pig, for 
it must then, in meme myer of its comparatively low 
specific gravity, rise to the surface of the bath of pig iron, 
and form a deposit there, which, as is well known, happens 
a case this phite is 


very frequently; but in such 
It thus follows 


found not in, but upon, the pig iron. 
that the graphite to be found in solidified pig iron has 
not been able to separate itself sooner than immedi- 
ately after solidification, and whether a pig becomes grey 
or white depends, besides the presence of other substances 
in the iron, just upon the rapidity of cooling at or imme- 
diately after solidification. Butthis again depends greatly 
on the degree of superheating of the pig iron when it is 
cast in a certain form, for the more superheated the pig 
iron then was, so much more heat has the mould been able 
to take up before solidification commences, and the slower 
consequently is the su ing cooling. Thus also it is 
only by a long-continued heating to a temperature ap- 
proaching somewhat closely to the melting point of pig 
iron that the white pig may, without re-melting, be con- 
verted into y ; but if the temperature be raised still 
further, so that fusion commences, the graphite which has 
been separated from the iron is again dissolved in it, for 
otherwise it would naturally rise to the surface. It is on 
this, too, that it must depend that the fusion point of the 
grey pig is only about 100 deg. C. higher than that of the 
white, and thus so incomparably lower than the fusion point 
of steel or malleable iron, which have the grey pig’s 
content of combined carbon, but altogether want its 
graphite. 

As in pig iron, with strong and long-continued heating, 
carbon is separated in the form of graphite, so heating, 
followed by slow cooling, favours the formation of cement- 
carbon in steel. On the other hand, by the rapid cooling 
of the molten pig and the violent contraction thus occa- 
sioned, the content of combined carbon in the iron is in- 


cre: , and in the same way a rapid cooling or violent 
compression otherwise attained causes in the graphite-free 
steel a more intimate union of the cement-carbon with the 


iron, or its conversion into hardening carbon. The diffe- 
rence is only that the mutual conversion of cement and 
hardening carbon may begin at a comparatively low tem- 
perature, while the conversion of graphite into combined 
carbon and the reverse process can only take place at a 
temperature approaching pretty closely to the meltin 
= of —— ; for after a grey pig has cooled to a — 

eat, the cooling may be as rapid as possible, with- 
out the content of graphite being Gasp Soumenes 3 and 
in the same way, at a temperature no higher than a red 
heat, a white pig cannot be converted into a grey. 

The properties of a pig iron, almost free from other sub- 
stances than carbon, are properly dependent on the content 
of combined carbon, and graphite exerts an influence upon 
it only so far as it diminishes the continuity of the iron 
molecules, and thereby lessens the strength ; to which may 
be added that, as we have seen, it may, by the use of 
proper methods, be converted into combined carbon, which 
then exerts its usual great influence upon the iron. Just 
the circumstance that the important fact now stated is 
generally overlooked is the reason why we so often meet 
with the incorrect statement, that the influence of carbon 
on pig iron is quite different from its action on malleable 
iron and steel. It is easy to prove the contrary if we 
distinguish properly in pig iron between the combined 
carbon and that which is only mechanically incorporated as 
graphite, which, of course, ought not to be included in the 
calculation in any higher degree than as stated above, if we 
wish to form a judgment of the properties of pig iron as 





dependent on its content of carbon. 
As the cement carbon cannot, as has been shown above, 





be so intimately combined with the iron as the hardening 
carbon, but approaches in some degree to graphite, the 
supposition is easily arrived at, that the cement-carbon 
cannot have so great an influence on the properties of iron 
as the hardening carbon ; and there are very distinct indi- 
cations of this, as will be seen from what follows, but until 
hardening and cement-carbon can with certainty be dis- 
tinguished, and some method has been discov of quan- 
titatively determining each of them, it is, of course, still 
too early to say anything with certainty on this point. In 
the near future the requisite — will certainly be thrown 
on this point also, and we will then probably see that some 
of the great changes in iron and steel which have been.in- 
duced only by different methods of treating the same ma- 
terial, are caused by the alterations in the proportions be- 
tween hardening and cement-carbon brought about by the 
method of working. 

Methods of Hardening.— Proceeding now to the harden- 
ing, we find that experience has sufficiently shown that its 
effect mainly depends upon the content of combined carbon 
in the fron, upon the differences of temperature between 
the iron or steel and the hardening fluid, and further on 
the rapidity of the cooling. The last-mentioned, in, is 
dependent on the quantity of the hardening fluid, its spe- 
cific gravity, power of conducting heat, specific heat, 
boiling-point, and heat of vaporisation. f the four 
liquids, mercury, water, oil, and coal tar, therefore the 
first-named hardens much more powerfully than oil, and 
oil more goauey than coal tar. Further, the hardening 
power of water is altered not only | differences of tempe- 
rature, but also by the addition of different substances 
which change its properties in the respects just mentioned. 
Finally, the rapidity of cooling, so important for the 
degree of hardening, is also dependent onthe way in which 
the piece is held down into the hardening fluid. For if it 
be kept still ina hardening fluid of low specific gravity 
and small conductivity and s ic heat, the quantity of 
the hardening fluid is not of the same importance as if the 
piece be unceasingly moved aboutin it ; butin the latter 
case the cooling of the piece is apt to be unequal, inasmuch 
as by the moving about the front parts are cooled some- 
what more rapidly than the back ones. This is also the 
case if by ening in running water we make the 

uantity of the hardening fluid, so to meek, unlimited. 

he front part of the piece, or that which is termed up- 
stream, is then, of course, cooled most rapidly ; and in order 
in such a case to attain an even hardening, it is necessary 
to turn round the piece rapidly and unceasingly. 

The layer of steam which, in the case of hardening 
ina substance so easily converted into vapouras water, 
is formed around the warm piece is an obstacle to the 
cooling along with the degree of hardening which is de- 
pendent upon it ; but if care be taken that in one way or 
another the steam be easily and rapidly carried away as it 
is formed, the rapidity of cooling, on the other hand, on 
account of the great heat of vaporisation of water, is very 
considerably prom by this conversion into vapour. 
Small pieces, therefore, are also very well hardened in 
water dust finely distributed by means of a stream of air 
or steam ; and the highest degree of hardening may, ac- 
cording to Herr Jaromimek,* be attained in this way with 
so moderate a quantity of water that all the water dust 
which comes in contact with the warm piece is brought 
by it into the form of steam. These influences, exerted 
by the formation of steam, must also be taken into 
consideration when, in order to attain an inferior de- 

ee of bardness, warm water is ins! of cold. 
comme accordingly be denied that there are many factors 
exceedingly difficult of calculation which exert an influence 
on the speed of cooling, and thereby on the degree of hard- 
ness. Nor is it much to be wondered at that mistakes are 
readily committed in hardening, and that great practice 
is required in order to be able confidently to reckon on 
certain effect ; and, finally, that a workman accustomed 
to hardening considers that only a single method which he 
has been in the habit of employing can be used for a certain 
purpose, while another equally skilful workman can only 
attain the same result by a method essentially different. 

It further appears that the rapidity of the first cooling, 
from the 600 deg. to 700 deg. U., to which steel has 
commonly been heated, to 300 to 400 deg. C., Las a mani- 
fold greater influence on the degree of hardness than the 
su ing coolin Thus, the just meationed Herr Jaro- 
limek has shown that steel wire may be very well hardened 
both in watery vapour and in molten tin. lead, and even 
zinc, though the last-named metal does not melt under 
400 deg. C., while the cooling of the same steel wire from 
300 deg. or 400 deg. to 0 deg. C. does not cause any true 
hardening, however rapidly it may proceed. In order that 
steel wire may be hardened in this way, it is not, however, 
allowed to remain any considerable time in the molten bath 
of metal, for, y long-continued heating following such a 
hardening the — of hardening is afterwards diminished 
moreand more. Ifit be taken out again after being dipped 
in the bath for quite a short time, and afterwards allowed 
to coolin the air, the d of hardening for small articles 


is equal to that attai by ordinary hardening with the 
irae ing following u it. 
The Effects of Hardening.—Of the effects produced by 


hardening, it was in old times mainly the hardness on 
which attention was fixed, and from this is derived the old 
saying that a substance does not take hardening if it do not 
thereby become so hard that a common file can no longer 
exert any noteworthy influence upon it. From time im- 
memorial a distinction has also been made between iron 
steel inthis way, that the former, with common hardenin 

in water, is not hardened in the sense just indi a 
while steel, on the contrary, is hardened. Since the Besse- 
mer s came into use, however, the old idea of steel 
has too often to give way to the desire to denote with 


* Oesterreichische Zeitschrift fiir Berg-und Hiitten- 
wesen, 1876, pp. 70and 84. 
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the appellation steel all such iron is in the finally re- 
fined state has been completely fused, whether it ‘‘ takes 
temper” or not. In accordance with the proposal* una- 
nimously made by the International Committee, nominated 
at the Philadelphia Exhibition, Germany, Austria, and 
Swedent have universally retained the old idea of steel, at 
the same time, however, that an exact distinction is made 
between those varieties of iron and steel which, in a finally 
refined state, have been completely fused and those that 
have not been so, the former being named ingot iron and 
ingot steel and the latter weld iron and weld steel. In 
Great Britain, the United States, France, and Belgium, 
on the other hand, there has not been the same unanimity, 
and hence arises the lamentable uncertainty which now 
often prevails, when, for instance, a soft steel is spoken of, 
for by this one may understand a soft ingot iron, which, by 
hardening, never becomes properly hard, and another a 
true steel, which, however, is not harder than that it just 
“* takes temper.” 

We sometimes hear it brought as an objection against the 
old way of distinguishing between iron and steel that it is 
difficult to determine whether a piece, after common 
hardening in water, is to be considered as having taken 
true lesthaine or not. But such a reason is in fact quite 


unwarranted, because, according to the old view, only the | yard 


varieties approximating most;clesely to each other of the 
hardest iron and the softest steel can be mistaken for each 
other, and such a mistake is indeed of little importance 
when compared with the t mistake just referred to of 
soft iron for soft steel. it be wished wholly to avoid the 
a of making mistakes between hard iron and soft 

even ought to be attained very easily by the 
of determination, in = ® sharp-cdged splinter 

or 2 +, tanh 


of a certain mineral—felspar, 

iron, although, after being heated to a moderate red 
heat, it has been suddenly cooled in ccld water, while steel, 
after similar treatment, cannot be svoratched by the same 


The substance which exerts the test influence on the 
increase of hardness by a certain ening process is the 
content of combined carbon in the iron. completely 
free from carbon is, even after hardening in mercury, as 
soft as before, and an otherwise pure iron, with at most 
two-tenths cent. carbon, does not become very much 
harder oof wp but, on the other hand, as the 
content difference in the degree of 
hardness before hardening increases more and 
more, so that the line between iron and steel lies 
in general at a content of carbon of about 0.4 per cent., this 


* Seo “ Jernkontorets Annaler,” 1877, p. 81. 
t —_— however, the Board of Trade (Kommers- 
kollegium). 





carbon increases, the 





depending however upon the iron’s content of certain other 
substances, which, as we shall soon see, also exercise some 
influence on the degree of ess. 

(To be continued.) 








FOREIGN AND COLONIAL NOTES. 

Krupp and Belgiwm.—Krupp, of Essen, has given in 
Belgium an order for a 400-horse engine for one of his 
rolling mills. Belgian industrials regard this as a high 
compliment to the mechanical industry of Belgium. 

South Australian Railways.—Mr. T. Higinbotham, 
C.E., reporting to the Government of South Australia 
upon its railways, observes: “The instances in which a 
desire to save in the first cost of the railways, has, as it 
soeee Soe, heme ied too far, are the use of iron 

ils of only 40 Ib. weight to the lineal yard, and the adop- 
tion of very sharp curves ; on some of the lines these are 
only of five chains radius. In these instances economy in 
the cost of —— and maintaining the lines has been 
lost sight of in the desire to make a saving in first cost. 
It would have been true economy to have laid all the lines 
with steel rails of not less than 50 lb. weight to the lineal 
, and I was glad to learn that in future the use of 
iron rails is to be discontinued ; but the very sharp curves 
which have been used on some lines where they pass 
through difficult country are a more serious mistake, 
limiting, as they do, the loads which a locomotive can 
draw, and therefore both reducing the Ler aeny of the 
railway as a means of transport and increasing the work- 
ing ne. The et secre to be observed, in order 
to work a system of railways economically, is to run so 
many train miles only as are absolutely necessary for 
carrying on the traffic. Every branch of the department 
a, locomotive, and traffic) benefits by the re- 

uction of the number of train miles to a minimum ; but 
light rails, light engines only can be 

used, and if the tractive power of these engines is much 
reduced by friction in passing round sharp curves, a greater 
number of trains must be employed to carry a given traffic 
than .would have been necessary under more favourable 
circumstances, and every additional train mile which is 
run in carrying a given traffic reduces the profits of work- 
ing. Ihad een pee when I was in Canada, in 1874, 
of iusning w t had been the experience there of the work- 
ing of sharp curves on lines of 3 ft. 6 in. gauge, and I was 
assured by those who had been the strongest advocates for 
in order to reduce the cost of construc- 


if, in co! uence of 


using 8 curves, S 

} ppt ane tg Ry RR. ay Ale 
the Toronto, a and Bruce Rail , that from an 
economi int of view, it wasa mistake to use curves 





poin 
of less than 1000 ft. radius. Although economy has been 





carefully studied in designing the lines of railway here on 
which you desired me to report to you, they have cost more 
than they ought to have done. This has arisen from the 
want of effective competition among contractors, and the 
result has been that the prices here have been 25 per cent. 
higher than those which have ruled in the adjoining colony 
of Victoria for several years past.”’ 

Canadian Railways.—The Grand Trunk Railway Com- 

any of Canada has now secured through communication 
tween Montreal and Chicago. a is about to 
be made to the Canadian Parliament for powers to construct 
a railway from the north shore of Lake Winnipeg to 
Hudson’s Bay. 

The Precious Metals in the United States.—The total 
production of the precious me in the United States in 
the fiscal year 1878-9 is officially estimated at 79,712,000 
dols., of which 38,900,000 dols. were silver. Nearly all 
the gold and a large portion of the silver produced in the 
United States during the last year were coined at the 
United States Mints or used in domestic manufactures, arts, 
and ornamentations. The surplus was exported to countries 
not producing precious metals. The annual consumption 
in the Uni’ States of precious metals in all forms for 
manufacturing p es now averages 7,000,000 dols. of 
gold and 5,000,000 dols. of silver. 


Quays at Constantinople.—The Turkish Government 
has expressed its readiness to grant a concession for seventy 
years to a company to be formed for the construction of 

uays on both of the port of Constantinople from 

an-capon, on the Golden Horn, to the Stamboul Railway 
wharf at Sirkedji-iskélessi, on the one side, and on the 
other from Agdp-capon Bridge to Tophaneh ; also for the 
construction of stores for goods and 
purposes. 

Steam Power at Jerusalem.—A large steam engine has 
arrived from England for a steam flour mill at Jerusalem. 
It has been imported by some one of the Wurtemburger 
colonists lately established near J m, who are 
re they can to introduce modern appliances into 

estine. 


Belgian Trucks for 


ocks for commercial 


Spain.—MM. Nicaise and Delcave, 
a firm, have obtained a contract for 177 trucks 
for the Andalusian Railway (Spain). An English firm 
competed unsuccessfully for this contract. 

South African Jetties.—The report of a commission. 
appointed to take evidence a the construction of a 
ees iron jetties at Port Elizabeth has been published. 

he commissioners are generally in favour of the Govern- 
ment’s suggestions, and itis hoped that the matter will soon 
take a practical shape. 
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CANADIAN RAILWAYS.—No. XXX. 
ERIE AND ONTARIO, AND WELLAND RaAILways, 

Lake ONTARIO is 190 miles long, by an average 
breadth of 40 miles, and a maximum of 52 miles, 
Although by far the smallest of the ‘“‘ Five Great 
Lakes,” it is on an average 600 ft. deep, and has an 
area of 8200 square miles. Its elevation above the 
sea is 234 ft., and the St. Lawrence, its outlet to 
the ocean, makes the greater part of this descent 
by four rapids which connect as many lake-like 
expansions of the river, and which are overcome for 
the purposes of navigation by different canals of 
sufficient capacity to accommodate the ordinary 
paddle-wheel steamers that ply upon the lake. On 
the north shore of Ontario, a remarkable series of 
sloping terraces have exercised the ingenuity of 
geologists to account for, as much from their singular 
regularity of shape, as from the extent of country 
over which they have beentraced. At definite but 
varying intervals sudden elevations of the land 
from 20 ft. to 70 ft. in height, rise abruptly from 
the lower to form the base of a higher terrace, ex- 
tending back from two to six miles each in breadth, 
maintaining a uniform level for miles, and when 
interfered with, divided into two, or partially 
obliterated, to be traced again after the interruption 
with the same characteristics and the same elevation 
as before. This process is repeated until the height 
of land is reached at an altitude of 600 ft. or 700 ft. 
above the lake, and at a distance from it of from 
eight to 20 miles, and what is perhaps still more 
remarkable is, that these same terraces, or others 
similar to them, are traceable on the northern side 
of the summit, where a series of lakes lie parallel to 
Lake Ontario. Atsome places these are not over 15 
miles distant from the principal portion of the rivers 
Trent and Severn, which draining this section of 
the country, flow, the one north-west into Lake 
Huron, the other south-east into the Bay of Quinte, 
which at Kingston joins with Lake Ontario to form 
the St. Lawrence, the outlet of both to the Atlantic. 
These sloping terraces and sudden rises in the land 
to the north of Lake Ontario, are represented on 
the south side of the lake by the bold escarpment of 
the Niagara limestones, and the Onondaga group of 
rocks, which sweeping parallel to its conn shore, 
and round the western extremity, at an average 
distance of seven miles from the lake, present a per- 
pendicular face of from 300 ft. to 400 ft. in height, 
overlooking the single plateau’ which extends from 
its base, 60 ft. or 70 ft. above the lake, and gradually 
slopes to the waterside. The stratification of these 
rocks dips at a low angle towards the south, and 
the drainage of the land is generally away from 
the lake, the few affluents of which with one ex- 
ception drain a very inconsiderable distance from 
its shores, and add but little to the volume of 
water which it contains; no important river, ex- 
cepting the Niagara, entering Lake Ontario in its 
circuit of over 500 miles. 

The Niagara, its one great feeder, enters Lake 
Ontario 170 miles from its outlet by the St. Law- 
rence, and 30 miles from its western extremity. 
The general course of the river is north and south 
and its length about 30 miles flowing from the low 
flat alluvial basin of Lake Erie by a channel three 
miles wide at its exit from the lake, but gradually 
narrowing till opposite Black Rock, two miles dis- 
tant, it is little over a mile wide, and here it is 
spanned by the great International Bridge, over 
which the Grand Trunk, Canada Southern, and 
Great Western all have access to Buffalo and the 


United States. The general character of the river | N 


banks for this distance, and for 14 miles below 
the bridge to the confluence of the Welland river, 
or Chippewa Creek as it was formerly called, is of 
the same low, flat, fertile description as that round 
Lake Erie itself; the river has scarcely any or no 
perceptible current, and the original intention of 
the Welland Canal was to use this portion of the 
river and the first eight miles of the Welland 
river as part of the through navigation between 
Lakes Erie and Ontario, for which in fact it is 
still available, as the Welland river where the 
canal crosses it is only 8 ft. at its surface below 
Lake Erie, and 24 miles distant from it by the 
course of the Niagara, and at the crossing a junction 
canal and dock maintain the communication, 

Lake Erie, the second of the great lakes in ascend- 


—— and the next in point of size, being less than 
the area of either Huron or Michigan, and only 
one-third the size of Superior, is 250 miles long, 
= wide, and has an area of over 11,800 square 
miles. 


It is 330ft. above Lake Ontario, the 


‘Erie and Welland Canals, 





Niagara river carries down this descent the overflow 
of 90,000 square miles of the inland seas above it, and 
the drainage of 600,000 square miles of territory 
unwatered by the rivers that flow into them. The 
general direction of Lake Erie, like Ontario, is east 
and west, in a line parallel to the lower lake, and 
to the south of it, the eastern extremity of the 
upper body of water overlapping by some 30 miles 
the western extremity of Ontario, and this portion 
of the peninsula of Upper Canada, bounded on the 
east by the Niagara, south by Lake Erie, and north 
by Ontario, is nearly a elo; , 28 miles across 
from north to south between the lakes, and 30 miles 
east and west. Of this piece of land fully one-half 
is drained by the River Welland, a broad, deep, 
navigable river, running east and west, flowing into 
the Niagara, and three-fourths of it belong to the 
upper level plateau, the underlying rocks of which 
incline southwards towards Lake Erie. The re- 
maining quarter belongs to the Ontario plateau, 
separated from the upper level by the abrupt 
eo of the Niagara rape waa At Queenston, 

elow the falls and rapids where the escaped river 
issues through this rocky barrier, the almost per- 
pendicular descent of the land is 370} ft., and if the 
great Falls of the Niagara ever were at this place, 
as geologists all agree they once were, and have 
eaten back through successive ages the seven miles of 
intervening rock, their height must have been then 
more than double what it now is; Lake Erie must 
have been 40ft. higher than at present, nearly 
double its present size, continuous, and on the same 
level with Lakes Huron, Michigan, and Superior, 
which must all then have been at a uniform eleva- 
tion above the sea, somewhat higher than Superior 
now is. The Rapids of the Niagara commence 
almost immediately north of the junction of the 
Welland river, and two miles below the world- 
renowned Falls account for half the difference of 
level between the two lakes at either end of its 
course, the elevation of the river at Queenston, 
seven miles from Ontario, being only 2ft. above 
the lake itself. The 28 miles between the 
two lakes, or the nine miles between the upper 
and lower navigable portions of the river form, 
therefore, the most important ‘ carrying place” in 
America, and the best means of overcoming the 
obstacles accumulated in this short distance was 
the problem early presented to the first pioneers, the 
solution of which involved not only the navigation 
of the immense water stretches of the Upper Lakes, 
but the settlement of the largest and richest portion 
of the American continent. 

As early as 1795 there was a regular line of sail- 
ing vessels, averaging about 200 tons burden, run- 
ning periodically between Kingston at the foot of 
Lake Ontario, and Queenston seven miles up the 
Niagara river from the lake, and so little was then 
seen of the future requirements of this country that 
the short portage of nine miles from Queenston to 
Chippewa, where the Ni is in navigable, 
was deemed to be the certain channel of trade which 
could never be interfered with. Queenston, there- 
fore, at the foot of the great rocky escarpment pre- 
viously -referred to, early became a place of con- 
siderable business, whilst Lewiston on the o posite 
side of the river also rose, as soon as the Niagara 
was established as the international boundary, to 
the dignity of a commercial town, Both these places 
derived their importance from the ing of goods 
and passengers, ‘‘ portaging” or * forwarding’ as it 
is called in America, round the falls and rapids of 
the river, whilst Newark as it was then named, now 
iagara ‘Town, at the mouth of the river seven miles 
lower down, established first as a military station, 
became subsequently a manufacturing and business 
centre ; and at the creation of Upper Canada asa 
separate — was appointed the capital, where 
the first Parliament was assembled, in 1793. When 
the war of 1812 broke out between the Americans 
and the British, this Niagara frontier became the 
seat of the principal hostilities, and for three years 
the trade and transportation along the river were 
necessarily suspended, whilst ever since the line of 
the international boundary has been as 
undesirable for so important a communication as 
that between Lakes Erie and Ontario. On the 
cessation of the war both countries were anxious to 


‘secure a better route than that presented by the 


Niagara, free from the contingencies of another dis- 
turbance between them, and capable of being de- 
fended in such an event. The influence of this 
determination is seen in the routes selected for the 
both of which might have 
used the smooth upper reach of the Niagara river, 





and both of which have their location at some dis- 
tance from it, and perfectly defensible in case of war. 
The former of these, the first of the great public 
works of the United States, was an immense con- 
ception, which for years taxed the whole resources 
of the State of New York, and on which a debt of 
ten millions of dollars still remains outstanding. It 
runs from Albany on the Hudson river, 144 miles 
north of New York to Buffalo on Lake Erie, 363 
miles long, and has had more influence on the 
settlement and cultivation of the Western States 
than all other public works together. The opening 
of this canal was practically the opening of the 
whole western and prairie lands, and whilst it made 
accessible the great wheat-producing districts bor- 
dering the Upper Lakes and the Mississippi, it 
repaid New York for the investment by concen- 
trating upon Buffalo and its western cities on the 
shores of Lake Erie, the grain, cattle, and carrying 
trade of one-third of the Union. Buffalo, in fact, 
owes to the canal nearly the whole of its prosperity, 
and all of its early development. Laid out in 1801, 
the town languished for years; although made 
into a military post and depédt in 1810, in 1820 it 
had only a _—- of 2000. Four years after- 
wards the canal was complete, and the next census 
in 1830 showed the population to have in- 
creased to 8653. Ever since its increase has been 
marked by the vigour and rapidity peculiar to 
these western cities, and it is expected that next 
year its numbers will show not far short of 100,000 
inhabitants, whilst its wealth has accumulated even 
in a greater ratio. 

The Welland Canal was agitated as early as 1816, 
when a report was presented to both Houses of the 
Canadian islature on the subject of inland navi- 
gation, but it was 1824 before a company was 
organised to construct it, and 1833 before it was 
completed for business. Its course is parallel to the 
Niagara river and on an average 10 miles distant 
from it. The opening of the canal was of course 
ruinous to the portaging business, which in the 
interval since the peace had again grown up be- 
tween Queenston and Chippewa, and the water 
power which it concentrated at and near St. Catha- 
rine’s was equally fatal to the manufacturing in- 
terests which had grown up round the town of 
Ni Anxious to keep the business in the old 
groove, the parties and municipalities interested, 
projected a railway to overcome the obstructions 
of the Niagara river between Queenston and Chip- 
pewa, and the Erie and Ontario Railway was one 
of the first charters applied for in Upper Canada, 
and the first road to be actually constructed. The 
original charter was obtained April 16, 1835, fix- 
ing the capital at 75,000/. Canadian currency, and 
this amount was obtained principally from the 
municipalities interested, ard the different forward- 
ing companies whose business had been interfered 
with by the canal, and who sought by its means to 
bring it back to the Niagara route. The sum of 
20,9887. dols. was obtained from the Upper Canadian 
Government as compensation for the toju done to 
the old portage road, a part of which had been 
taken for the canal. With these means the railway 
was ere ree and opened for traffic in 1839 asa 
horse railway 17 miles long from Niagara to Chip- 
pewa. The route adopted left the river at Niagara 
almost at right angles, and was carried along the 
face of the rocky escarpment, intersected here and 
there by gorges—requiring a very clear head to pass 
over the slight timber structures that supported 
the railway with ——— of confidence—and so 
reached the upper plateau, where it ually ap- 
proached the river again above the Falls and ended 
at Chippewa Creek, just above the Rapids, and at a 
point which vessels might safely approach through 
a short canal constructed by the Government to cut 
off the corner between the Welland and Niagara 
rivers, and where they might be moored in the still 
water of the former stream. This first attempt 
at railway building in the Upper Province was not 
a success. People did not care to risk their necks 
over the ‘‘ mountain side,” there was no saving of 
time over the ordinary and tolerably good road, 
there was no fair view of the glorious scenery of 
the river, and there was too good an inspection 
afforded of the skeleton trestles, which looked too 
frail for implicit faith to be reposed in their safety. 
For freight purposes, the competing Welland Canal 
mo i Frecking of bulk, loading or rehandling, 
and as the railway was badly managed, the company 
became financially embarrassed, and finally the road 
was closed. 

One of those prominent men thrown up to the 
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THE JABLOCHKOFF ELECTRIC LIGHT AT THE PALAIS 
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surface by every great national development that 
stirs deep enough into the composition of society was 
Samuel Zimmerman, Of German extraction, and 
born somewhere in the State of New York, his 
father an py on the Erie Canal, young Sam 
was brought up from a child on the construction of 
public works. When the Great Western Railway 
was commenced, he came to Canada, a sub-contractor 
on that railway, and ultimately completed a consider- 
able length of it as chief contractor. Where all was 
new and untried, a little knowledge, combined with 
great natural shrewdness, takes the place that in 
older countries is assigned to greater experience and 
a higher order of intellect. Zimmerman came to a 
country ripe for public works, but without ex- 
perience in their construction, ready for develop- 
ment, and anxious for the leadership of men who 
with a little knowledge of the necessary requirements 
dared to be original, and could stake some means on 
the result. Grasping the peculiarities of the municipal 
system, and knowing better than Canadiansthe work- 
ing of the Free Banking Act, which they imported 
from the State of New York, Zimmerman was the 
first to show the people north of the international line 
how ae can be built in a new country without 
involving the few for the benefit of the many, how 
the burden can be carried by the community without 
any excessive drain upon personal resources, and in 
fact the true method of elaborating the public works 
needed for colonisation purposes. His first effort on 
his own responsibility was the Erie and Ontario Rail- 
way, which in his hands was a decided success, In 
1852 he organised the company, which bought up 
the claims on the old defunct horse railway, and in 
1854 he opened as a locomotive line the 17 miles 
between Niagara and Chippewa. This was in con- 
nexion with a steamboat service from Toronto to 
Niagara, 34 miles across Lake Ontario, and another 
from Chippewa to Buffalo, 16 miles on the placid 
upper stretch of the Niagara, thus connecting 
oronto and Buffalo, making a grand through 
route between the passenger service of e 
Ontario and the centre of business on Lake Erie, 
and opening the rising capital of Upper Canada 
to the tremendous opposition then springing u 
between the New York Central and the Erie Rail- 
way, both at that time newly in operation between 
New York and Buffalo, and both of whom paid, it 
was asserted, a heavy bonus to the Erie and Ontario 
for the sup monopoly of the Zimmerman in- 
fluence. Under his adminis istration everything 
seemed to flourish on the Niagara frontier. He 


made the Falls the popular place of resort in 
Canada, he laid out the grounds in their vicinity, 
and encouraged others to do so, he suggested and 
financed the Clifton House, the noble caravanserai 
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that commands the most /glorious view of the great 
cataract, and his own beautiful —— between the 
Clifton and the Horseshoe Fall, artificially illumi- 
nated at night, always open to the guests of the 
hotel, made this a perfect paradise for pleasure 
seekers, and the Hrie and Ontario Railway a 
success as aspeculation. Where this railway crossed 
the Great Western, near to the Suspension Bridge, 
Zimmerman laid out and built the town of Clif- 
ton; the Zimmerman and Niagara District Banks 
established there, and practically owned by him, 
being atthe bottom of every speculation that could 
enhance or develop the natural advantages of this 
highly favoured locality. The success of these diffe- 
rent companies led to other and less wisely con- 
ceived enterprises. ‘The Cobourg and Peterborough 
and the Midland, rival railways to each other where 
one alone could be supported, were both commenced 
and forsometime carried on by Zimmerman’s financial 
resources, and numbers of other local and municipal 
works were indebted to him for their origin and 
prosecution, but the basis on which these were under- 
taken was false, the system was sure to fail before 
the end was reached, and misfortune and di 
would most certainly have soon overtaken the ma- 
jority of his speculations, and perhaps himself also, 
if the dreadful catastrophe had not occurred which 
abruptly brought to an end the career of Zimmer- 
man. 

On the 12th of March, 1856, only four months 
after the opening of the line, the first really bad 
railway accident in Canada, a series of which 
followed, befell a train on the Great Western Rail- 
way. Whether the swing bridge over the Des- 
jardins Canal was properly secured in its fastenings, 
whether the leading axle of the engine broke as it 
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came upon the bridge, or whether the fearful storms 
that for the preceding week had raged almost con- 
tinuously had weakened some of the necessary 
supports, is immaterial ; the bridge gave way with 
its living freight, the falling locomotive broke 
through the ice of the canal, and of the seventy 
human beings submerged under its frozen waters, 
no one could have been less spared than Samuel 
Zimmerman. 

In 1861, the Erie and Ontario was extended to 
Fort Erie, at which place the Buffalo and Brant- 
ford Railway had then a steam ferry capable of 
transporting a whole train of cars across the foot of 
Lake Erie to Buffalo, the railway being, subse- 

uently to Zimmerman’s death, leased to the Great 

estern Railway, to whom it would appear to be a 
valuable connexion aa giving them access to Buffalo, 
and a second route to the New York system of 
railways. They deemed it, however, unnecessary 
to them, and in 1872 committed the very grave 
mistake of abandoning the lease, which was imme- 
diately taken up by the Canada Southern, by whom 
it has since been operated in direct opposition to 
Great Western interest. The southern end of the 
line has, however, been changed, the Fort Erie 
ferry was superseded when the International Bridge 
was completed, and the Erie and Ontario, instead 
of crossing the Canada Southern to reach the Lake 
Shore, now forms a junction with it near to ths 
bridge, reducing the former mileage from 3] miles 
to 273 miles. It now forms the Lake Ontario branch 
of the Canada Southern, and gives them practicall 
a terminus at Toronto, and a connexion wi 
Montreal by a larger class of boats than can at 
present pass through the Welland Canal. The 
receipts and expenditure of the road have always 
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been mixed up with the operating companies, and 
no separate accounts have been published either by 
the Great Western or Canada Southern. 

‘The Welland Railway, parallel to this, but 10 
miles further west, is 254 miles long between Lakes 
Erie and Ontario, following as nearly as possible 
the line of the old Welland Canal, which at its 
northern end is not the same as the enlarged canal 
now approaching completion. Like the older rail- 
way this was built as a portage road between the 
two lakes, but the reasons for its construction were 
not so clearly defined, nor have its objects ever 
been quite comprehensible to the Canadian mind. 
At the time that it was proposed, there were great 
complaints of the congested state of the Welland 
Canal, and the constant detentions that occurred to 
the vessels using it, the new and enlarged canal 
now building was deemed by many to be too large 
a work for Canada to undertake, and it was no- 
torious that the economical working of the grain 
traffic required a very much larger class of vessels 
than the locks of the canal would pass. The system 
of elevators for loading and unloading the grain 
had lately been thoroughly established in Chicago, 





(For Description, see next Page.) 
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Buffalo, and other western cities, and it was found 
that the ventilation, and movement of the grain in 
passing through the elevators, was the best possible 
means for preventing the heating and fermentation 
of the cereals to which they are always liable when 
stowed in bulk, and in large quantities. The idea 
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of a railway, therefore, to assist or supersede the 
canal across the Niagara peninsula, strange as it 
may seem now, was not altogether without reason 
at the time it was proposed, and the elevators at 
each end were undoubtedly a great preservative for 
the grain in their long passage from Chicago to 
Montreal. The enlarged canal now building will 
undoubtedly revolutionise the grain trade, and one 
of its effects must be to deprive this railway of 
much chance of competition with the large 2000 ton 
steamers that will then be able to pass direct from 
the Upper Lakes to Montreal, without breaking 
bulk or losing time on the way. The capital, how- 
ever, for the railway was raised in England, the 
works were executed by Mr. Brassey, of first-rate 
design and execution, and he himself continued on 
the board of directors until his death, Commer- 
cially it was not a success, and but for the crowning 
mistake in the Great Western management, the line 
would have been now even a poorer property than 
it is, When that company had completed their 
duplicate railway, the ‘air line” from Glencoe to 
Buffalo, parallel to their main line to the Suspension 
Bridge, and had surrendered the lease of the Erie 
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and Ontario Railway, the mistake committed was 

uite palpable, and the arrangement made between 

em and the Welland Railway was then a ne- 
cessity. It would probably have been better if 
they could have taken this line into their system, 
but failing that, the next best thing was done. The 
portion of the Welland, 144 miles between their 
own two parallel lines, was leased in perpetuity. 
apd an extension was made from Allanburg, midway 
between these points, to Clifton or Suspension 
Bridge, thus opening to both these lines a choice of 
termini on the Niagara waters, and access from each 
to either of the great bridges across that river, 
either the Suspension Bridge from Clifton direct to 
the New York Central Railway, or the New Inter- 
national Bridge to Buffalo, For the use of this 
part of the Welland, the Great Western pay 1800/. 
sterling per annum, and: in addition a proportion of 
the renewals, which amounted last year to 1465/. 
more. 

The total cost of the Welland Railway is put 
down at 1,755,985 dols., of which 957,273 dols. is 
made up of 6 per cent. mortgage bonds, involving 
an interest charge of 57,436 dols, per annum, whilst 
its net revenue for 1876 was only 28,057 dols., 
more than half of which was the Great Western 
rent. Besides the use made of the central portion 
by the larger company, the Welland work their own 
trains over the whole length, but the result shows 
that but for the fortunate circumstance for them 
which could not have been foreseen, of the Great 
Western transferring their patronage from the Erie 
and Ontario to their road, this railway would have 
been as poor a property as the other road formerly 
was, when worked simply as a portage round the 
Falls. ‘The termini of the Welland on Lakes Erie 
and Ontario are the same as those of the canal, Ports 
Dalhousie and Colborne, and a description of the 
route belongs more to the canal than the railway. 
The branch line from Allanburg to Clifton, which 
is the property of the Great Western, is 84 miles 
long, laid with stee] rails, and was opened in 1875. 
It runs into the old main line at Clifton Station, 
the Canadian terminus of the original Great 
Western, at the west end of the Suspension Bridge, 
which spans the Niagara river at one bold leap 
800 ft. across, to the New York Central Railway on 
the American side. From this bridge a glorious 
view is obtainable of the great cataract two miles 
distant, embracing the boiling rapids above the 
Horseshoe Fall, both the great Falls, and the little 
Montmorenci Fall between them at this distance 
like a silver thread, and the great issuing volume 
which, as it nears the Suspension Bridge, again 
breaks into a furious rapid, and rushes under the 
bridge at a speed, it is said, of forty miles per hour 
to the still more terrible and gloomy whirlpool a 
nile further north. A still more beautiful view of 
the Falls is obtainable from the Erie and Ontario 
Railway, overlooking the old battlefield of Lundy’s- 
lane, with the majestic Canadian Fall close to the 
line, the broad sheet of the American or Schlosser 
Fall directly in front, and looking down into the 
deep abyss into which both of them hurl their world 
of waters, 

Oh! Niagara! 

The thoughts are strange, which crowd upon my brain 

When I look upward to thee. It would seem 

As if God poured thee from his hollow hand ; 

And hung his bow upon thy awful front, 

And spake in that loud voice, which seemed to him 

That dwelt in Patmos for his Saviour’s sake, 

The sound of many waters; and thy flood 

Had bidden chronicle the ages back, 

And notch his centuries in the eternal rocks. 

Deep calleth unto deep. And what are we 

Who hear this awful questioning? Oh! what 

Are all the stirring notes that ever ran 

From war’s vain trampet, by thy enduing side ? 

Yea, what is all the riot man can make 

In his short life to thy unceasing roar? 

And yet, bold babbler, what art thou to Him 

Who drowned a world, and heaped the waters far 

Above its loftiest mountains? A light wave 

That breaks and whispers of its Maker’s might. 


THE ELECTRIC LIGHT. 

On page 62 we publish a plan showing the arrange- 
ments of one of the largest experiments yet carried out in 
electric lighting, the illumination, last season, of the 
Palais de l' Industrie by the Jablochkoff light. This was 
effected by means of 256 candles, of which 68 were 
distributed in the nave, 172 in the various saloons on the 
first floor, 14 at the entrance of the building and 
on the stairways, and two in the machine room. The 
light was produced from 16 groups of machines 








actuated by four engines, the arrangement being as 


shown in Fig, 2. Engines Nos. 1 and 2 each drove six 


exciting and dividing machines, from an intermediate 





line of shafting ; these engines were of 80 horse power. 
The two other engines, Nos. 8 and 4, drove only two sets 
of machines each, and were of 35 horse power. All of 
these engines and machines were placed in a temporary 
wooden building erected opposite the main entrance, and 
an elevated om Tee ran from end to end for the con- 
venience of visitors. As may be readily imagined the 
arrangement of the conductors for such a large installa- 
tion, was somewhat complicated. Each machine supplied 
16 candles, and from each were led off ten wires, of 
which eight were employed for the light circuits, and 
two for the exciting machine. The arrangement of these 
circuits is partially shown in Fig. 1, which also contains 
the positions and numbers of the lamps. It will be seen 
that their numbers correspond with those on the machines, 
Fig. 2. They also correspond with the numbers on the 
commutators, which were arranged as shown in Fig. 2, 
but were placed on a frame secured to a wall in the ma- 
chine room, and were divided into four groups corre- 
sponding with the number of engines. By means of 
the commutators new candles could be placed in circuit 
without any personal attention to the lamps. These 
commutators were operated by two of the firemen, who 
could change the whole series of lights in three or four 
minutes. As will be seen from the plan, Fig. 1, each 
saloon was lighted by six candles, supplied from three 
different circuits, in order to avert the inconvenience of 
an extinction of the light in the event of a breakdown 
occurring on any one circuit. The actual light developed 
by each candle averaged that obtained from 41 gas jets, 
and representing a cost of about 17/. per hour for the 
equivalent of the 256 candles. The actual cost of the 
Jablochkoff lighting is given at somewhat less than 5/. 
an hour, but this amount does not, of course, include 
interest on capital and depreciation of plant. During the 
whole time that the salon remained open it was illumi- 
nated in the manner we have indicated, and the results 
obtained appear to have been highly satisfactory to every 
one interested in the experiment. 

In connexion with this subject we may take this 
opportunity of referring to an installation of the Jabloch- 
koff light that was effected last week at the premises of 
Messrs. Samuel Brothers, merchant tailors, of Ludgate 
Hill. 

The entire premises in question were lit by thirteen 
lamps, each of the two large front windows being illumi- 
nated by a single globe which flooded the pavement and 
the street beyond as with a concentrated moonshine. 
The lamps are all suspended from the ceiling at a dis- 
tance of 8 ft. from the floor by means of “ harp” pendants 
through which the wires are passed. They are made to 
contain four candles apiece, and as each candle lasts 
two hours, each lamp can furnish a light for eight hours 
consecutively ; moreover fresh candles can readily be put 
in place of those consumed. The globes are spheres of 
opal glass 20 in. in diameter. 

The currents feeding the candles are produced by a 
twenty-light alternating Gramme machine excited by a 
small continuous-current Gramme machine. The alter- 
nating machine is divided into four circuits, capable of 
maintaining five lights each. Three of these circuits are 
now utilised, two maintaining four lights each, and one 
maintaining five. : 

Both machines are driven by an “ Otto” silent gas en- 
gine of 12 horse power, a form of motor which has been 
proved to be peculiarly well adapted for use with the 
electric light in private premises. The Gramme ma- 
chines are driven directly by means of pulleys fixed on 
the shaft of the engine, the small one, or excitor, 
running at a speed of 612 revolutions, and the large one, 
or distributor, at a speed of 688 revolutions per minute. 
It is estimated that the 12 horse power engine in 
question could maintain 20 or even 30 lights if required, 
especially after the first stiffness of the new machinery 
has been worn off. 

The lamps are connected to the distributor by india- 
rubber insulated wires through the intermediary of a 
switch. From the switch five wires pass to each lamp, 
one for each of the four candles, and one return wire for 
the whole. The switches are simply thick discs or bases 
of teak carrying stout brass contacts set round their 
rims, and a rotating spring contact which can be made 
to bear upon the rim ones in succession. At the end of 
every two hours an attendant inserts a movable handle 
in the centre-piece, and shifts the central spring contact 
round to the next rim contact, thus diverting the out- 
going current from the old candle to the next new one. 
The automatic switch of the French street lights has in 
this case been replaced by a hand switch. 

The candles themselves are of the normal size, each 
being formed by taking a stick of coppered carbon, $ 
metre long, and 4 millimetres in diameter, and breaking 
it in the middle, and placing the two ends together, 
with a partition of plaster-of-Paris between, and then tip- 
ping the point with conducting composition to start the 
light. 

The light given by each lamp is estimated at 394 
candles; and this is stated to cost about 34d. per hour. 
Each candle costs at the rate of 2}d. per hour, and the 
generation of the current is estimated to absorb about +4d., 
or say ld. per hour more, It will be remarked that this 
estimate refers only to the current working expenses. 

The installation was an undoubted success, thanks in 





great part to the exertions of Mr. J. A. Berly, the 
engineer to the Société Generale d’Electricité, who 
supply the apparatus, and it will doubtless be followed 
by numerous other applications of the electric light for 


shop purposes. 








RUSSELL’S PORTABLE STEAM CRANE. 


WE give this week on page 63 a perspective view of 
a new type of portable steam crane designed and patented 
by Messrs. George Russell and Co., of Motherwell, near 
Glasgow. The particular crane illustrated is one just 
made by Messrs. G. Russell and Co. for Messrs. W. and 
I, Beardmore, of the Parkhead Steel Works, Glasgow, 
while the makers have two similar cranes in hand for 
the Mossend Iron Company, who are putting up a 
Siemens steel plant at their works at Holytown, near 
Glasgow. It is the makers’ size No, 5, capable of lifting 
8 tons at a radius of 14 ft., 7 tons at 16 ft. or 6} tons 
at 18 ft. This pattern of crane has been specially de- 
signed for use in steel and other works, where it is of 
the utmost importance to have reliable lifting appliances, 
and it presents various important improvements in its 
construction. The general arrangement is very compact 
and the distribution of the weight is such as to give 
maximum stability; the details have evidently been 
carefully considered, and the strength of every part is 
much greater than is usual in such machines. Every 
part is also accessible, and any wheel, pinion, shaft, or 
other portion of gearing can be removed and replaced 
without disturbing other parts. 

As will be seen from our engraving, the carriage is 
formed of plates and angle-irons rivetted together and is 
mounted on four railway wheels with steel tyres 2 ft. 
3 in. in diameter, the wheel base being 6 ft. 6 in., and the 
wheels being set to run on the ordinary 4 ft. 8} in. 
gauge. The short wheel base is necessary to run freely 
over curves such as are usually found in steel and other 
works. The post is of malleable iron, and is attached to 
the carriage by means of two soles, at the top and bottom 
of the carriage respectively. The depth of the carriage 
being 2 ft. 3 in., a very secure connexion is secured, more 
so than can be obtained in the usual way of fitting the post 
in a soleplate, which is bolted on the top of a shallow 
carriage; the construction of the carriage also gives 
a certain amount of flexibility to adjust itself to irre- 
gularities in the level of rails without straining. 

he framework of the crane consists of two main 
cheeks or side frames, connected together by cross 
girders. The bottom girder at the post which supports 
the weight of the revolving portion of the crane, has a 
brass ring with large bearing surface, made in halves 
and arranged so that it can be taken out and replaced 
without dismantling the crane. The top girder is a 
malleable iron plate, which besides covers in the engines 
and protects them from injury. 

The connexion under the boiler is formed by the com- 
bined balance weight and ash-box weighing 5} tons, 
shown in section by the detailed view on page 63. The 
space for ashes is in the form of an inverted cone, with 
a door at bottom, When it is desired to empty the ash- 
box, a wheelbarrow or other receptacle is placed under 
the door, which on being opened allows the ashes to run 
freely out. 

The boiler has two cross tubes in the firebox, the 
vertical seams are double rivetted, and all the mountings 
are complete; the steam pipe to engines is of copper. 
Above the boiler is placed the feed tank, cylindrical in 
shape, of malleable iron. This tank, which has a capacity 
of 130 gallons, serves also as a cover to protect the steam 
space from rain, and‘as a funnel, The water is heated 
by the escaping products of combustion, and also by the 
exhaust steam from cylinders. 

The engines have a pair of 7-in, cylinders, with link 
reversing motion, the curved links and pins of link 
motion being of steel. The crankshaft is of scrap iron 
3} in. in diameter at journals, and balance weights are 
attached to prevent vibration, The hoisting gear has 
double and single purchase, giving two speeds, and a fric- 
tion brake with foot lever is provided. 

The gear for slewing and travelling is quite independent 
of the hoisting gear, and is actuated by double conical 
friction clutches. The pinions are of malleable iron or 
cast steel, The main wheel around the post is in halves 
planed and bolted together with fitted bolts. There is a 
ring outside the main wheel with numerous holes, so 
that the bolt can be fixed for travelling at any position 
of the jib. The jib is 20ft. long from centre of pin at 
bottom to centre of pulley at top, and is composed of 
two sides of plates and angle-irons, spread apart at 
bottom, and joined by lattice stays. The radius of the 
jib is adjusted by a worm and wormwheel. All the 
motions of hoisting, lowering, slewing, travelling, and 
adjusting radius of jib are completely under the control 
of driver on platform, 

The total weight of the crane we illustrate is 25 tons, 
and from the arrangement of having all the gearing on 
the side of crane-post farthest from the jib, and the 
heavy balance weight under the boiler, the full weight of 
load can be lifted-and slewed round the circle without 
fixing down the carriage or increasing its width beyond 
the 4 ft. 8 in. gauge, so that the crane is at all times 
ready for lifting without requiring preparation. The 
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greatest projection from centre to back of weight and boiler 
is 7 ft. 1 in., and the extreme height from rails to top of 
tank is 14ft.9 in. The design is altogether, as we have 
said, an exceedingly well-considered one. 








INSTITUTION OF MECHANICAL 
ENGINEERS, 
Address delivered by the President, Mr. E. A. CowPER, 
January 22, 1880. 

GENTLEMEN,—Having had the honour thirty-two years 

o of assisting in the formation of the Institution of 

echanical Engineers, I now have the pleasure of thanking 
you very cordially for your confidence in entrusting me 
with still greater responsibility in the conduct of the affairs 
of the Institution. I must tell you honestly that the 
position in which you have so kindly placed me to-day is 
not one which I have ever coveted or sought for, as I 
consider so much responsibility attaches to it; but if by 
hard work, and close attention to the various interests of 
the Institution, Iam able so to assist in its conduct as to 
give you satisfaction, I shall feel amply repaid, and shall 
not spare myself or any pains that may be necessary to 
accomplish the object. But one thing I must ask of you 
(and without it I should only expect to fail), and that is 
your kind and decided support of the chair at all our 
meetings, together with such indulgence to the occupant for 
the time being, as you have always exercised to our late 
President, than whom we have never had a more genial 
and truly admirable leader to conduct us forward in the 
paths of science and practice. One matter I may allude 
to, as sufficient time has now elapsed to show the wisdom 
of the important step that was taken at the time; I need 
hardly say I refer to the transplanting of the Institution to 
London, which has proved a perfect success, as the metro- 
polis is now the true centre of England, and head-quarters 
of the mechanical engineering of the kingdom. 

The number of our members has greatly increased, the 
quality and interest of our papers has improved, and the 
attendances at our meetings are more numerous. I long 
foresaw that this removal was only a question of time, 
as soon as the present lines of railway had express trains 
direct to the yee ee not only without stopping at 
Birmingham, but without going within 15 miles of it. The 
Institution now so completely stands at the head of me- 
chanical engineering in this country (and is admitted by all 
other institutions to occupy such a proud position), that it is 
but natural that it should rest in the metropolis, as its fit and 
proper home, and long may it pursue its peaceful and 
thoroughly useful course. The Institution having from 
the first been conducted with a due regard to economy, has 
never been in debt, and the result is that it is now comfort- 
ably and conveniently settled in excellent offices well suited 
for its requirements for many years to come; this is the 
more satisfactory as it is most difficult to find a good site for 
such an Institution in Westminster. I do not propose to- 
day to trouble you with anything like a history or resumé of 
mechanical engineering, as that has been done much better 
than I could hope to give it, but if not trying your patience 
too much I should wish to say a few words (direct to the 
point) with regard to the position of this country among 
the nations, in respect to the advancement of manufactures 
ary g Now it cannot be doubted for a moment 

ut that the manufactures and commerce of this countr 

depend very greatly 7 mechanical engineering ski 

and invention, and if this country is to continue to 
be called “‘ the manufactory of the world,”’ we must on no 
account shut our eyes to what is now going on around us 
in many countries. I much fear that some manufacturers 
have so little enterprise about them, that they consider 
they are doing enough if they make things (perhaps chiefly 
or entirely by hand) as their fathers did, in small numbers, 
instead of attempting to manufacture articles in a better 
manner in large numbers by machinery. They seem to 
forget that in past times the good sale here depended very 
much upon the fact that they had no rivals or competitors 
for the trade, owing to foreigners not having devoted them- 
selves to manufactures, and indeed having been very much 
hindered from so doing by very frequent wars taking p 
actually in their countries, whereas we have had no wars 
in this country for 200 years or more. Now there is one 
important fact that has gee hardly been considered 
sufficiently by mechanical engineers and manufacturers 
generally, and it is this, when railways first began to 
spread over the Continent, engineering tools and machines 
were just springing into existence in England, and partly 
for the purpose of mannfacturing the locomotives, for 
which there was a large demand. Then when foreigners 
had to repair their engines they bought engineering tools 
and machines, and were able to work them without any 
very highly skilled labour, such as our old millwrights 
were obliged to possess in our fathers’ and grandfathers’ 
time ; so that in a very short time, despite the want of 
skilled labour, the Continental firms became not only the 
manufacturers of their own locomotives, but of all other 
kinds of machinery. What must now be done, if our com- 
merce is to flourish and our manufacturers keep to the 
front, is that instead of trying to avoid adopting any new 
improvements, and refusing to experiment or incur any 
outlay for the purpose of trying to improve their wares 
and the means of producing them, they should join heartily, 
and mechanical engineers should do so too, in adopting 
and improving machinery to produce in a better manner, 
by power, in quantity, and therefore economically, what 
had previously been done in a small Way expensively by 
hand. Often, too often, a good thing is allowed to lie 


dormant for years, because each manufacturer thinks he | d 


will let some one else in the trade spend his money to tr 

the proposal ; but the energy shown in the United States 
in proving a new thing as soon as brought out (and on the 
Continent also very often), and adopting it if good, has a 
wonderful effect in promoting progress and increasing the 


prosperity of the country. Sometimes it has struck me 





that mechanical engineers hardly seem to think it their 
province to strive to papeete manufactures ge , and 
nee Se ee much to a i “a more 
partic 'y for engineering purposes, whereas a little more, 
or I would say a t deal more co-operation between 
manufacturers who know what is wanted, and engineers, 
who would quickly find out how to accomplish it, would be 
of the greatest possible advantage to the commerce and 
manufactures of the country. A difficulty well stated is 


there is an actual landlord and a real tenant. Tue latter 
can be ejected at six months’ notice. All the machinery— 
precisely the same as in Luing’s case—is the personal pro- 
perty of the tenant, he can remove it at any time without 
giving a minute’s notice to any , in fact, he can move 
it where and whenever he li ith regard to this case 
which is a real one, it is inconceivable that any man could 
fall into such a mistake as to describe such i as 
intended for permanent use! ,Yet it is certain that such 

a 


half overcome already. a eee ens Sats SS Se eae simply because 

But our manufacturers and mechanical caginems must | that case appeared to be erent one to the other. In 
come her and interchange their ideas and co nd | reality, however, and in common sense, they are the same, 
freely, if any great ts te core ee in- | and in law whatever principle rules in one should govern 
ing this country in the proud position of being the manufac- | the other. Further with regard to difficulty second, and 
tory of the world; and as some of us gave an earnest help- | as I have already argued elsewhere, ped ion is, What 
ing hand to establish this Institution, so I would venture | in the ordinary course of business, would a landiord find 


to ask all our members to join hands with our friends the 
manufacturers to make as much use as possible of the ad- 
vantage of this Institution, which, as stated in our rules, 
was established ‘‘ To enable mechanical engineers to meet 
and to correspond, and to facilitate the interchange of ideas 
respecting improvements in the various branches of mecha- 
nical science, and the publication and communication of in- 
formation on such subjects.”’ 








THE ASSESSMENT OF MACHINERY. 
To THE EpIToR OF ENGINEERING. 

S1r,—Since the publication of my pamphlet, and of the 
able articlé which appeared in your issue of November 14, 
1879, a large number of letters have been addressed to me 
by persons interested in this subject. To answer every one 
of these would be almost an impossibility. The majority 
of the writers touch on the same points, and as the matter 
is really of national importance, let me beg of you a little 
space in which to refer to the questions raised. 

For the most part my correspondents, who are personally 
unknown to me, and who appear all of them to be users of 
machinery, wish for direction as to their own particular 
cases. They want to know, in fact, what portion, if any, 
of the machinery they use is rateable, as ‘‘enhancing’’ the 
rateable value of their holdings. In attempting to arrive 
at conclusions for themselves, they have apparently found 
some difficulty, and this cannot be wondered at. In this 
matter of rating, general principles only can be laid down, 
and it is next to-an impossibility for untrained minds to 
apply such general principles to particular cases with satis- 
factory results. 

Asa matter of fact, the whole question of rating is a 
practical one ; no one with a practical turn of mind can fail 
to apprehend correctly the principles involved ; they are 
plain and simple. True, the subject has been smothered up 
with the theories of unpractical and untrained indivi- 
duals. These theories, urged with pertinacity, and 
gee by the astonishing carelessness and apathy of 
the public, have been thrust into practice, in opposition 
alike to common sense andto law. There are not wanting 
signs, however, that the end of this state of things is at 
hand, but let me come to the troubles of my correspondents. 

Difficulty 1. This has its rise in the idea that the nature 
and the amount of attachment to the freehold, decides 
what machinery is to be taken into account in making 
assessments. A more transparent mistake could not be 
made. No tenant would machines, being his own 
personal property, upon the freehold of another man to 
any greater extent than would be necessary to steady it 
for effective use. Some machines might require five bolts, 
and others — but if fifty bolts would effectually fix 
and make steady a machine, no sensible man would put in 
sixty! To do this would be to throw money away; the 
object is to steady the tool or machine. To obtain the 
requisite steadiness it must be bolted to walls or founda- 
tion. So long, however, as the boltsare put in merely and 
purely to steady the machine, it is absolutely matterless 
whether there are a dozon bolts or one hundred. This is 
settled law. 

Surely this is clear and unmistakable, but there is 
another guide. Fixtures may be attached with a different 


lace | object to the above ; they may be so attached by some one 


having this latter object in view, as to become permanently 
part and parcel of the freehold, the object being to add to 
its value, or as lawyers say, “ to improve the inheritance.”’ 
This latter object is as unmistakable as the first, and 
wherever a fixture is attached by any one having it in view 
only that fixture must be taken as ‘‘ enhancing’ the rate- 
able value. This also may be taken to be settled law. 
Difficulty 2. What is to be the guide where owner and 
occupier are one and the same person? This is evidently 
looked upon as a great difficulty, in reality, however, 
the answer is quite simple. The practical surveyor can 
distinguish easily in every case. e can determine what 
constitutes the freehold, what ‘‘ improvements’’ have been 
permanently made upon it, and at the same time what is 
only temporurily fixed upon it. To the experienced eye 
the difference is just as marked, and the line as easily drawn, 
where the owner is the occupier, as in cases where there is 
a landlord to say what is actually his, and a tenant to 
point out that which actually belongs to him. Whatever 
principle holds where landiord and tenant are separate and 
distinct persons, must in common fairness hold and obtain 
where they are one and the same person. Inexperienced 
and impractical persons will and musterr. The miscar- 
iage in Laing v. ane oo gee og its origin in the 
difficulty such persons find in making fitting and correct 
distinctions. In Mr. Laing’s case it was stated in the 
case, agreed to in fact by both sides, that the machinery 
escribed was to be permanently used. The only shade 
of colour for this lies in the fact that Mr. Laing’s ma- 
chinery stands on his own land. The inference plainly 
was that that fact tended to make the land and the ma- 
chinery one and the same thing, that both were permanent, 
and therefore rateable. In proof of the f of all this, 
I instance another ship on the Wear. this case 








for the use of a tenant at a reasonable and usual rate of 
interest? The answer is plain—land, buildings, power. 
These three things can be easily distinguished in all cases, 
whether a man occupies his own or another’s freehold, 
and I assert confidently that in the present state of the law 
these three things alone are rateable. 

Difficulty 3. ‘his has its origin in a complete misappre- 
hension of the spirit of Laing’s decision. e idea is that 
there has been some new principle laid down, that in fact 
this decision is antagonistic to all previous penn. 
Exactly the reverse of all this is the fact. previous 
leading cases, machinery described as not being permanent, 
was held to be not rateable. In Lai 
described as being permanent, was held to be rateable as 
‘*enhancing’’ the value of the premises. In all the cases 
the object, permanent use, has decided the matter, and in 
Laing’s case the voluntarily stated ‘‘ permanent use’’ de- 
cided the case. 

The manifest and obvious mistake in the statement of 
the facts, is alone responsible for the apparent antagonism. 
No fault rests with the law, only a superficial or interested 
view can lead to such a conclusion. Apart from a little 
obscurity, now and again, in all the cases, the leading prin- 
ciple mn preserved in‘ Such obscurity as has 
now and then existed is easily accounted for. It may fairly 
be referred to such handiwork as the statement of Lleg’s 
case and to general meddling and muddling. : 

Hoping that in these few lines I have done some little 
to enlighten my correspondents, who, I have no doubt, are 
also your readers, 


’s case machinery 


I am, yours obediently, 
JosePx Ports, Jun., 
Sunderland, January 10, 1880. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Iron Market.—This week the market was not so in- 
flated as it was last week. Prices had settled somewhat, 
but there was not such a fall as had been anticipated. 
Practically there was no iron being sold for prompt delivery 
by makers, who were only selling for forward delivury. 
Mesehinta? prices were from 60s. 6d. to 6is. for No. 3. 
Transactions for delivery in June were announced at 65s. 
It appears probable that prices will not materiatly decline, 
and although there will necessarily be fluctuations it 1s 
hardly likely that less than 60s. will be the generally 
accepted figure for some time to come. 


Stocks of Pig Iron.—Messrs. Connal and Co.’s stocks 
amount to 104,800 tons. They are now storing very little 
Cleveland iron and are delivering small quantitivs regu- 
larly. Makers’ stocks of iron are being reduced and it is 
believed the returns at the end of the month will show a 
considerable diminution. 


Messrs. Hopkins, Gilkes, and Oo., Limited.—The efforts 
for the reconstruction of this company, which I announced 
a short time ago us being in p , have been successfal. 
Nearly the whole of the d new capital, 26,0001., bas 
been subscribed, and a meeting of shareholders will be held 
at an early date to arrange the affairs of the company, and 
to elect directors. ‘he blast furnaces are to be blown in 
shortly. The claim of the South Australian Government 
for 100,0001. for bad rails alleged to have been supplied by 
the old company has been compromised. 

Iron Works in the Market.—The Loftus Iron Company’s 
blast furnaces, the Norton Furnaces and iron Works, and 
the Imperial Iron Works, are now announced for sale. 

Messrs. T. Charlton and Co.’s Affairs.—The collieries 
and mines of this company were offered for sale by auction 
on Tuesday. The collieries did not tempt any bidders. 
For the Slopeworth ironstone mines, however, there was a 
competition, the bidding commencing at 500U/., and runnin 
up to 20,0001., when they were witndrawn. Mr. Edw 

illiams, who recently purchased the six furnaces of 
Messrs. Lloyd and Vo., was the last bidder, and has the 
right of purchase by private treaty. The undertakings of 
the Messrs. Charlton were, in the heyday of prosperity, 
valued at 300,0001. 

Engineering.—Marine engineers are now very busy and 
have a prospect of work for several months. In 
other branches trade is not so brisk. There not been 
an improvement co-equal with the stir in the pig iron trade. 

The Manufactured Iron Trade.—This branch which 
once contributed so greatly to the wealth of Cleveland, is 
00 eywey 84 assume its old positionagain. Manufacturers 
have no difficulty in ing orders. Prices range 
the same as last week. Ship plates 91. poof ton, angles 
81. 15s. to 91. 15s., boiler plates 101. 5s. to 121. 5s. 

The Cleveland Miners.—The Cleveland Miners’ Associa- 
tion has received a great accession of strength during the 
last two or three months. At the beginning of 1879 it 
only numbered 1486 members, and at the end, 4500. 
Everything is in a prosperous condition. The advanced 
wages are tempting skilled miners back to the district. 
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DETAILS OF GOODS LOCOMOTIVE; GREAT EASTERN RAILWAY. 
MR. MASSEY BROMLEY, LOCOMOTIVE SUPERINTENDENT. 
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Tue goods locomotives of the American ‘‘ Mogul” type, of 
which we this week give a two-page engraving, have been 
laced on the Great Eastern Railway by Mr. Massey 

romley, the present locomotive superintendent; but 
their design is really due to Mr. Bromley’s immediate 
predecessor, Mr. William Adams, who intended them to 
work main line coal traffic, the sine qué non being that the 
paying load should reach the exceptionally high figure 
of 400 tons. The importance of being able to convey 
so heavy a load by a single train is best shown by the 
fact that at the moderate rate of ,5,d. per ton per mile, the 
earnings on the trip up loaded and down empty, would 
still reach the respectable amount of 5s, 24d. per train 
mile, while the charge for conveying coal 180 miles 
would be but 4s. 8}d. per ton, a sum very considerably 
less than the difference that now exists between the 
rices of coal in, say, Leeds and London, or Norwich. 

he price of coal, important to every householder, is a 
»oint in which the engineers and manufacturers of 
Lenten and the Eastern Counties are specially placed at 
a disadvantage, and therefore these engines have not 
only a purely engineering interest as being of novel 
design and size, but are interesting to users of coal at 
large as being the instrument of effecting a great com- 
mercial economy. 

While these engines were in process of construction, 
some doubts were expressed as to the possibility of a net 
load of 400 tons or 700 tons gross being conveyed at the 
on which the exigencies of English traffic require. 

© test the question, a train weighing rather more: than 
the exact weight was worked daily for some considerable 
time by a four-wheel coupled engine originally designed 
by Mr. Adams to work fast goods and heavy passenger 
traffic. This engine had 6 ft. 1 in. driving wheels, 
18 in. by 26 im. cylinders, a boiler barrel 11 ft. 5 in. long 
and 4 ft. 3 in. in diameter, and possessed a tractive force 
equal to that of the ordinary English goods engine with 
17 in, by 24 in. cylinders and 5 ft. wheels. The experi- 
ment was perfectly satisfactory, the load was drawn ata 
good s , about 19 miles an hour including stoppages, 
and with a consumption of coal of but 56 lb. to 60 Ib. 
per mile, and it was evident that under somewhat favour- 
able conditions the work achieved by careful management 
of a four-coupld engine on trial could be carried out in 
daily practice by the engines designed specially for this 
work, possessing as they did 45 percent. more adhesion, 
40 per cent. greater cylinder ea and nearly 200 ft. 
additional heating surface. This expectation has been 
perfectly fulfilled, the engines we illustrate conveying 
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than that of the trial engine, it being 52.5 lb. of coal 
per train mile, and 47.1 lb. per engine mile, results 
which considering the load are exceedingly favourable. 
Forty loaded 10-ton trucks are conveyed on the up 
journey from March to Temple Mills sidings (near 
Stratford), and sixty empties on the return journey. 
The worst gradient against the traffic is 1 in 135 for 
three-quarters ofa mile, preceded by a long bank of 
lin 176. The worst gradient against the empty trucks 
is 1 in 100. 

As will be seen from our engravings, these engines 
have outside cylinders 19 in, in diameter and 26 in. stroke, 
while the six coupled wheels are 4 ft. 10 in. in diameter. 
The tractive force which they are capable of exerting 


is thus St a161.8 lb. for each pound of effective 





pressure per square inch on the pistons. The overhang of 
the cylinders is prevented by a “ pony truck,” or species 
of two-wheeled bogie, which at once relieves the leading 
coupled wheels of excessive weight and guides the 
engine round curves. The springs of the driving and 
trailing wheels are coupled by means of an equalising 
lever, while the weight of the front part of the engine is 
distributed between the leading coupled wheels and the 
pony truck, by means of an equalising lever having an 
adjustable fulcrum on a heavy casting between the 
cylinders. The engine is thus virtually carried on three 
points, so that like a three-legged stool it must bear 
pretty equally on all points of contact, however uneven 
it—as represented by rough joints and crossings—may 
be. To further enhance the good effect of this system of 
levers, the springs of the coupled wheels are not less than 
4 ft. 6 in. long, and composed of }-in, plates, 5 in. wide, 
so that they are very elastic. The springs are all 
“underhung,” that is to say, the spring hangers are 
in tension, and pull down upon the springs. This 
entails somewhat clumsy brackets to the frame, but 
it effectually prevents springs shifting in the buckles, 
a matter of frequent occurrence when one hanger is in 
tension and the other in compression. 

The pony truck, which has wheels 2 ft. 10 in. in 
diameter, is similar in design to that used on the 
Pennsylvania Railroad, and though it is somewhat 
difficult to comprehend its action from a drawing its 
construction cannot be termed complicated, while not 
only all its movements due to curves and inequalities 
in the rails have been suitably permitted and controlled, 
but possible derailment has been provided against by 





their load with ease and being more than equal to the 
work, while their average consumption of fuel is lower 


checks and chains which prevent the truck getting away 
from or athwart the engine. Detail views of this truck 
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the longitudinal section of the engine given in our two- 
page sheet, it will be seen that the main equalising 
lever under the leading end is a trussed beam sus- 
taining a load of about 12 tons on the centre. The 
top or compression member is a plain wrought-iron 
bar bearing against solid T heads formed on the lower 
or tension member. The strut is represented by a block 
of cast iron, on which bear case-hardened segments 
secured by transverse bolts. The relative amount of 
weight on pony and leading driving wheels can be 
easily varied by removing the bolts and shifting the 
segments backwards or forwards, thus altering the posi- 
tion of the fulcrum on which the beam works. The top 
fulerum block bears against, but is not attached to, a 
heavy box casting, which braces the cylinders and frames 
together, the exhaust pipes being cast solid with it, and 
greatly contributing to its strength. The hinder end of the 
main equalising beam bears on a transverse beam taking 
the leading spring hangers of two springs placed above 
the axle-boxes of the forward driving wheels. The trailing 
hangers of these springs are, as will be seen from the draw- 
ing, attached to the main frame of theengine. The front end 
of the main beam bears through case-hardened rubbing 
pieces on an eye-bolt, the nut of which, by means of a 
spherical washer, throws the weight on to a hollow 
eylindrical cast-iron plunger, working in a heavy cast- 
iron guide rigidly attached to the main frames of the 
engine. These details are clearly shown by Fig.3 on the 
present page. Theadjusting screw is used not for alter- 
ing the distribution of weight, but tolevel the main equalis- 
ing beam after shifting the fulerum. The plunger being 
guided vertically bears on an india-rubber pad which 
lies in a cast-iron cradle, to which are firmly bolted two 
transverse plate springs, the T-headed links of which 
bear on a wrought-iron frame which rigidly connects the 





are given in Figs. 3 and 4 on the present page. From 


two axle-boxes together. 
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The pony truck radiates from a pin fixed to two 
horizontal plate stays between the main frames in front 
of the leading driving axle, as shown in the general 
views on our two-page engraving. The radius bars are 
secured to the pony truck axle-boxes by vertical bolts, 
and are bushed with steel and supported by an india- 
rubber pad where they take hold of the pin from which 
they radiate, the object of the pad being to allow of the 
vertical tilting of the radius bars from the action of 
the springs. As will be seen from the cross section of the 
pony truck, Fig. 3, the side play is controlled by the 
‘T-headed links, which tend to keep the pony truck 
straight. But their effect is not so direct as that of the 
side springs in Mr. Adams’s four-wheeled bogies, for 
should one of the two pins in the T-headed links be free 
when the engine is on the straight, the whole weight 
comes on the other pin, and the T link becomes virtually 
inclined instead of vertical, and has, therefore, a constant 
bias to press the pony truck to one side. The effects of 
this action have been noticed in one or two of these 
engines, and show that the “ pony truck” of our American 
cousins is not yet so perfect a machine as the “ Adams 
bogie” so largely used in this country and the colonies. 
In America opinion is much divided as to the relative 
merits of different inclinations of links for swing bolsters, 
of short links and long links, but we think it self- 
evident that side springs, the only possible effect of which 
is to keep the bogie straight, must be preferable to links, 
which certainly cant the engine on a curve, and occa- 
sionally tend to make it run crooked when on the 
straight. 

The valve chests are placed above the cylinders and, 
of course, are therefore outside the frames. The slide 
valves are plain and unbalanced, but are circular in 
form and are worked by means of a rocking shaft which, 








however, does not reverse the motion, but simply 
transfers it from the eccentrics and expansion links, 
(which are as usual! inside the frames) to the valve spindle, 
which is in these engines outside the frame and above 
the slide bar, and is prolonged toa bearing in the motion 
plate. The rocking shafts are forged in the solid from 
the best Yorkshire scrap and work in a cast-iron bear- 
ing, the main part of which is solid with the leading 
driving wheel splasher; a stiff cast-iron angle bracket 
binds the bearing to cylinders and frame. 

Single slide bars are used, the brackets being 
entirely above and clear of thecoupling rods. The cross- 
heads are of wrought iron machined out of the solid, the 
lower rubbing pieces being simply a cast-iron gib-ended 
liner 3in. thick held down by four cheese-headed $ in. 
bolts. The top rubbing piece is also of cast iron, 
secured to the cheeks ef the wrought-iron crosshead by 
transverse bolts, the whole arrangement occupying but 
a small width and enabling the coupling rods to work 
between the crosshead and leading driving wheel. 

The bearing surfaces, as in all Mr. Adams’s engines, are 
very large, the slide blocks being 24 in. by 5in., the axle 
journals 11 in. long by 8 in. in diameter—the largest, we 
believe, ever used in this country—the crankpins are 5 in. 
by 5in., and the motion pins are 2 in. in diameter, a size 
which effectually prevents slogger and enables the engines 
to keep their lead. The eccentric straps are of cast iron, 
a material which properly got up and made a slack fit top 
and bottom and with all corners carefully rounded off toa 
large radius, will with proper oiling run almost without 
wear. The oiling once neglected, however, seizing is 
inevitable, and something must break. Brass wears 
whether oiled or not, and if neglected simply gets 
warm and wears faster. White metal is easily fitted 
and generally wears well, but is expensive and is liable 





to be cut by dust and melted by neglect. Given a care- 
ful driver, cast iron is, therefore, far the preferable mate- 
ial 


The axle-boxes are of solid brass with cast-iron keeps, 
the crown being cored out to let the box wear faster 
vertically than sideways and thus prevent “ knocking ;” 
an unlikely thing, however, in bearings 11 in. by 8 in., or, 
say, 88 square inches, an area which may be compared 
with 63 in. by 7$ in. or 51.5 square inches, the size of 
journals used on the Southern Railway of Austria for 
engines having cylinders of the same diameter and a 
greater weight on each individual axle, A description 
of the Austrian engines here referred to appeared on 
page 206 of our last volume. 

The blower is of the usual Great Eastern Railway 
pattern, having an extra boss and steam way which can 
readily be coupled to suitable pipes ina running shed, 
and used to urge the fire in a neighbouring engine and 
get up steam quickly, often a point of great practical 
moment. 

The regulator valve is situated in the smoke-box, and 
is a plain slide worked by an arm on the regulator-rod, 
and though a small auxiliary valve is not used no diffi- 
culty is found in working theregulator. Steam is taken 
from the dome by means of a cast-iron pipe, slotted at 
the sides but closed at the top to prevent nuts, red-lead, 
&c., being dropped in when making the joint. The 
regulator handle though high is double, and can, there- 
fore, be equally well managed by drivers of different 
statures. The reversing screw is of steel working in a 
brass bush, and is self-locking, on a principle long 
used on the Great Eastern Railway. The whistle is 
self-closed by the pressure of steam aided by a slight 
auxiliary spring keeping a small mitre valve on its seat. 

A steam brake is applied to both engine and tender in 
a novel and effective manner, one brake cylinder putting 
the blocks on all the wheels except those of the pony 
truck, This brake is found useful not only for stop- 
pages for signals, but in shunting and in controlling 
the speed of 700 ton trains down inclines of 1 in 100. We 
illustrate by Figs. 9 and 10 on page 66 the valve b 
which the brake is applied, graduated, and released. 
As will be perceived, an eccentric increases or 
diminishes the compression of a spring, which holds 
down a valve against the steam, thus forming a reducing 
valve, and enabling the driver to increase or diminish at 
will the steam pressure in his brake cylinder, and use 
the brake with full force even if the boiler pressure is 
low, a gauge indicating the pressure in brake cylinder. 
The piston rod of the brake cylinder, made purposely 
large to resist vertical strains tending to bend it, pushes 
against a swinging lever, the lower end of which is 
coupled to the tender brake gear; the other fulcrum is 
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coupled to the engine brake gear, and the proportions, 2 
to 1, give 50 per cent. more power on engine than on 
tender, so as to accord with their average weights. The 
main engine pull rod is then coupled to an equalising 
lever, the top or short arm of which is coupled to the 
trailing brake block, combined lever, and hanger, while 
the lower or longer end is coupled toa lever, which forces 
the driving and leading brake blocks on the wheels, the 
proportions being such that each wheel has nearly the 
same brake-block pressure applied to it. The arrange- 
ment is shown by our two-page engraving. The points, 
believed to be essential to the successful working of a 
steam brake with cast-iron brake-blocks, have been care- 
fully attended to by Mr. D. H, O’Neale Neale, who, 
under Mr. Adams's directions, got out the designs for 
this brake. A supply of dry steam is taken from the 
dome, and the holes in the steam-cock are small, 
namely, about } in. in diameter, to prevent too sudden 
an application or release of the brake, and conse- 
quent fracture of wagon couplings. A self-acting cock 
to let out condensed water on steam side of brake piston 
was thought unsafe and unnecessary, and a drainage 
hole on far side is sufficient. The blocks grip the flange 
of the wheels but do not project more than } in. inside 
the flange; the fin formed as the blocks wear can then 
break off without continually rubbing against the tyre. 
The brake work is equalised throughout. The take up 
screws allow of block and tyre being worn out, and are 
not secured by lock nuts which often shake loose, but 
by a French hinged pin which answers well. The piston 
rings require to be a very good job. The boiler pressure 
is 140 1b, to the square inch and the maximum pressure 
in brake cylinder is about 100 lb. per square inch. The 
strength of spring in steam valve is about 401b., but 
requires in the first instance careful adjustment by ex- 
periment. 

As will be seen from the views on our two-page en- 
graviog, which is fully dimentioned, the boiler of the 
engines we are describing is of unusual size, the barrel 
being 11 ft. 5 in. long, 4 ft. 6} in. in diameter outside, 
and made of ,% in. plates, The firebox casing is 6 ft. 
long outside. The firebox has the crown stayed directly 
to the top of the firebox casing, the two rows of stays 
next the tubeplate being so made that the upward ex- 
pansion of the inside firebox—which occurs in excess of 
that of the outer shell when getting up steam—can take 
place without putting a crushing strain on the tube- 
plate. The barrel contains 240 tubes 1# in. in diameter 
outside and 11 ft. 94 in. long between tubeplates, these 
tubes being arranged with gin, water spaces. The 
chimney is 1 ft. 4 in. in diameter inside at the bottom 
and 1 ft. 6), in. at the top, while the blast nozzle is 
4} in. in diameter. The principal proportions of the 
boiler are as follows: 


sq. ft. 
Heating surface : Firebox ... eee ove 102 
Tubes... eee eco 1291 
Total ... eso eee . 1393 
Firegrate area a eee = 17.8 
Flue area through tubes disregarding 
ferrules ... oe ove ‘ee eco 3.17 
Least sectional area of chimney... © 1.4 
Ratio of firegrate area to total heatin 
surface ene tee .. 1: 73.6 
Ratio of flue area through tubes to fire- 
grate area es te ons wat OSS 
Ratio of sectional area of chimney to 
firegrate area... 1: 13.7 


The engines are provided with six-wheeled tenders of 
neat design, having tanks containing 2600 gallons of 
water. A special feature in the tenders is the arrange- 
ment of the brake gear which we have already men- 
tioned as being operated by the steam brake cylinder on 
the engine. The general arrangement of this gear will 
be readily understood from the views Figs, 5, 6, 7, and 8, 
which we give on page 67. 

The following are the weights of the engine and 
tender: 














angen | Full. | Empty. 
Engine: | tons. cwt. | tons. cwt. 
Pony truck eee = 10 | 7 15 
Leading driver cal eee | 12 11 | 10 17 
Driving = a oe eee, oe 
Trailing es ; tea «| 12 11 | UW 1 
Tee we ah vd dt 6 
Total adhesive wh a 38. =O 
Tender: | 
Leading eee eos eee wins Bed ib 8 
Middle ons eco ese eoe 915; $8 13 
Trailing mens Le oe 
ee ee a, oe ae 2 ee oe 





Nore.—The tender is weighed with a tank full of water, but 
with no coal, with the usual quantity of the latter the distribution 
of weight would be more equal. The engine is weighed with 4 in. 
of hot water in the glass, fire, and sandboxes full. 


The engines we have been describing, fifteen in number, 
were built by Messrs. Neilson, of Glasgow, and are fine 
specimens of the good workmanship and neat finish 


turned out by these makers, the boiler work being as 
usual pre-eminently good. : 

These engines with their novel arrangement of wheels, 
great cylinder power, large heating and bearing surfaces, 
and powerful brake, certainly mark a new departure in 
English locomotive practice, which seems full of promise, 
both to the general public in reduction of rates, and to the 
railway company in economy of fuel and lessened repairs 
to both engines and permanent way. Hitherto no large 
railway company in this country has used six-coupled 
engines with outside cylinders for main line traffic, the 
overhang at the front end rendering the engine unsteady, 
and throwing an excessive weight on the leading wheels. 
Mr. Adams a few years ago introduced large outside cy- 
linder, four-coupled bogie engines for fast goods and 
through coal traffic ; this innovation on ordinary practice 
was most successful, the engines burning only from 
82 1b. to 88 lb. per mile, and running 56,000 to 63,000 
miles before requiring repairs, and we have no doubt that 
Mr. Bromley, who succeeded Mr. Adams as locomotive 
superintendent of the Great Eastern Railway when the 
designs of the present engines were nearly completed, 
will find the latter equally capable of performiug their 
work with great economy. 








THE TAY BRIDGE. 
To tHE EpITor OF ENGINEERING. 
Sr1r,—The points raised in Mr. Barker’s letter to En- 
GINEERING of Saturday last are of importance, and must 
arrest attention in the forthcoming technical or scientific 
part of the inquiry into the above disaster. 
Every engineer who has had to deal with the testing of 
cast iron must have noted defects similar to those descri 
by Mr. Barker, whereby a surface, perfect to the eye, has 
concealed a hollow or rotten interior. I have seen one side 
of a 10-in. pipe, cast by founders of eminent repute, to 
consist for a space of nearly a foot in length of two shells 
merely ; one outside and one inside, and neither more than 
from zy in. to J; in. thick ; the visible surface of each being 
rfectly smooth, while the hidden or interior surface was 
ike that of a nutmeg grater, a vacuum existing between 
the two, thus : 





That all castings are liable to such undeveloped flaws, and 
—as Mr. Barker says—that such undeveloped flaws do 
exist in many important cast-iron structures, is a proposi- 
tion upon w hich no engineer can have any reasonable doubt. 

In this case the question is, were the 15in. and 18in. 
pipes forming the only support of the doomed fabric tested, 
and in what manner? ‘To me the usual hydraulic test 
would appear the safest if adequately applied. Perhaps, a 
scrutiny of the ruined piers will afford some light as to the 
effect of orifices on the wind pressure. 

The theory suggested by Mr. Fidler deserves attention, 
but taking the analogy between air and water to be true, 
would Mr. Fidler say that the proximity of an orifice of 
discharge increases the pressure of a column of water upon 
the side of a vessel, or, in other words, by providing an 
outlet do we intensify the hydraulic force in the vicinity ? 

I am, Sir, yours truly, 
MALcotm M, PaTEeRson. 
Dewsbury, January 19, 1880. 








GAS ENGINES. 
To Tue Epiror oF ENGINEERING. 

S1r,—Mr. Denny Lane’s letter in your issue of the 
9th of January is one more proof that engineers and power 
users are becoming alive to the fact that the gas engine and 
not the steam engine is the motor for small industries. 

With respect to the durability of the gas engine, the 
** Otto”’ is the only gas engine of modern type that has 
been sufficiently long and extensively used to enable en- 
gineers to form an opinion on this point, and there can be 
no doubt that the large wearing surfaces and efficient 
mode of lubrication provided, together with another mach 
more distinctive peculiarity to be referred to presently, will 
render this engine far more durable than the great majority 
of small steam engines. It is, however, the small boiler 
rather than the engine that is expensive to keep in repair, 
and here the gas engine has an immense advantage over its 
elderly rival. 

With respect to the consumption of gas, your corre- 
spondent alludes to some engines said to be consuming as 
little as 15 or even 10 cubic feet of gas per horse power per 
hour. These figures he takes from the makers’ statements. 
| fear, however, that the makers have been drawing upon 
their imagination for their facts. So far as I know, any 
tests of consumption worthy of credence and attested by 
independent and competent witnesses have been made with 
the ** Otto” engine only. In the smaller “‘ Otto’’ engines 
this consumption is about 22 cubic feet per indicated horse 
power per hour. In the larger ‘‘ Otto” engines indicating 
40 horse power the consumption is as low as 17 or 18 cubic 
feet. Ishall be glad to know where any engine can be 
seen at work with nearly so small, to say nothing of a 
smaller consumption than this. I will with pleasure travel 
anywhere in the United Kingdom to see it. 








n this connexion it is, however, necessary to observe 








what has been apparently overlooked by Mr. D. Lane in 
his anf pheetng letter, and, indeed, I think only recently 
noticed for ——s time, = 1 cubic : . gas is a very 
——s unit of power. ikely from experi- 
ments le by Dr. Wallace, of Glasgow, that 1 lb. of coal 
gas of any common variety represents about an equal 
amount of energy, but that 1ft. of gas varies in weight 
nearly 25 per cent. in different places, and correspondingly 
in the energy. Our London gas is very deficient, whilst 
that in Edinburgh stands near the head of the list. When 
competition with the ‘‘ Otto’’ really commences, as has not 
yet the case, this point must be attended to by the 
makers, if com tive tests are made. 

Lastly, I will refer to the difficulty of burning gas in the 
cylinder of an engine without injuring its surface or inter- 
fering with the lubrication, and to the mode in which this 
is done in the ‘‘ Otto.”” This highly original engine, as is 
well known, uses its cylinder alternately as a pump for com- 
pressing the — and as a working cylinder for burning 
it. In this way the cooling surface is practically doubled, 
as the time occupied in pumping is half of the whole. This 
is a matter of great importance, as will be found out by the 
ingenious inventors who begin by exploding at every stroke 
and at each end of the cylinder, and imagine they have im- 
proved on the ‘‘ Otto.” 

As the ‘‘ Otto”’ is constructed, the wear of the cylinder 
is almost nil; but if so heated as to interfere with lubri- 
cation a very different result will follow. 

Iam, Sir, your obedient servant, 
RoBERT WILSON. 
January 15, 1880. 





To THE EDITOR OF ENGINEERING. 

S1z,—The last number of your journal contains a letter 

from Mr. C. H. Openshaw, of Bury, according more merit 

than ,it deserves to a communication of mine on the com- 

parative efficiency of gas and steam engines. I am obliged 

to Mr. Openshaw for pointing out a slip of the pen by 

which the fraction ;7—5 is said to be equivalent 0.081, or 

one-twelfth of a pound instead 0.18, or something over one- 

sixth. The fraction itself is correct, and represents the 

weight of coal which would be requisite for one horse 

power for one hour if all the heat of combustion were con- 

verted into power. 

By some error the abbreviation H.P. has been read 

** high pressure’ instead of “‘ horse power.’’ I therefore 
repeat the Table, giving the percentage more accurately : 

per cent. 

Engines consuming 2 lb. per horse power convert ry 
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When speaking of the quantity of coal used by steam 
engines, I was particular in mentioning good coal. Damp 
and dirty engine slack could never yield such results as 
those to which I have referred. Indeed, the higher duty 
mentioned has never been attained except with the best 
quality of fuel. 

A correspondent has called my attention to the very 
high duty attributed to some gas engines, which are said to 
work with only 10 cubic feet per horse power per hour. I 
have been careful not to give such a statement on my own 
authority, but on that of the manufacturers of the engines. 
My correspondent assures me that this very low consumption 
has never been realised in practice. There is no doubt, 
however, that gas engines have worked with 20 ft., which 
still leaves them with an efficiency of 18 per cent., or double 
that of the best, and six to ten times that of ordinary small 
high-pressure engines. 

I should also remark that the power of gas engines is 
generally measured by the friction brake, while that of 
steam engines is inferred from the indicator card. As the 
former mode gives the net power after deducting the 
friction of piston, glands, valves, and bearings, while the 
indicator gives the gross power including the power use- 
lessly expended in ae agen the friction referred to, 
the gas engine is unfairly handicapped to the extent often 
of 20 or 25 per cent. I mean that a steam engine tested 
by the indicator and showing five horse power would 
if tested by brake show only four horse power or less. 

It is difficult to determine the degree of heat which the 
gaseous mixture attains in Crossley’s engine. The action of 
combustion is so rapid, and the temperature is so quickly 
altered by expansion, that it is difficult, if not impossible, 
to determine the question experimentally. It is equally 
difficult to determine the question by calculation in con- 
sequence of the disturbing influence of the mass of metal 
and the water contained in the jacket. The heat of com- 
bustion of a mixture of one part of gas to nine parts of air 
which had previously been condensed to 30lb. above the 
atmosphere, would undoubtedly be very high, and is not 
difficult in itself to calculate. 

It has been proposed to use for the production of heat and 
power, cheap gases, such as are produced from the Siemens 
or Ponsard furnaces. As these gases consist in a great 
measure of nitrogen with some carbonic acid, neither of 
which is combustible, and contain only 22 per cent. of 
carbonic oxide, with some 7 to 10 per cent. of hydrogen and 
hydro-carbons, its calorific power is not high, being esti- 
mated by some authorities at only one-fifth that of coal gas. 
To place it even on a level with the latter, it should there- 
fore be sold in London at 8d. per 1000 cubic feet, a price 
which would not pay the cost of distribution even if the gas 
itself cost nothing. 

Finally, I may remark that the gas engine, even when 
converting only 18 per cent. of the heat of combustion into 
power, is, I believe, more efficient than any other force 
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converter, except dynamo-electric and electro-dynamic ma- 
chines, on the principle of Siemens, which have practically 
converted 70 per cent. of power into electricity, and 70 per 
cent. of electricity into power, machines which may yet playa 
most important part in the distribution of electric and 
mechanical forces. 
I am, Sir, truly i. 
ENNY LANE. 
72, South Mall, Cork, January 19, 1880. 


To THE EpiTor or ENGINEERING. 

Srr,—I have read with interest Mr. Denny Lane’s 
letter of the 5th inst., but venture to think he should add 
some further particulars in order that a fair comparison 
between steam and gas engines may be made. To show 
the efficiency of steam engines, Mr. Lane assumes that 
coal, i.e. solid carbonaceous fuel, is used for producing 
steam. For the gas engines, Mr. Lane. however, bases his 
calculations merely on so many cubic feet of gas consumed, 
and takes no account of the heat previously expended to 
manufacture the gas. Moreover, it is well known that 
solid carbon offers great resistance to volatilisation, and 
this resistance must be overcome by an equivalent ex- 
penditure of energy. Mr. Lane takes average London gas 
asa basis for his estimates, and as the price of this is 
about 3s. 6d. per 1000 cubic feet to consumers, it is equal 
to charging them that amount for about 2 cwt. of coal 
converted into gas (assuming 10,000 cubic feet of gas per 
ton of coal). If the efficiency of the engine is to be 
calculated on the consumption of merely so much gas, I 
think the same basis of calculation should be applied to 
the steam engine, for without doubt gaseous fuel can be 
used for the latter to greater advantage than solid. Mr. 
Lane defers entering into the question of relative cost, but 
it appears to me that, in such a matter, cost is a most im- 
portant factor of practical efficiency and should, therefore, 
a part of ay Cees nen as + comparative = I 

y recognise the advantages o' engines for man 
urposes, and believe their use will be largely cdvatel. 
heir present position is already an assured one, and can 

well bear criticism ; at the same time in fairness to our old 
and valued friend, the steam engine, and in the interests 
of mechanical science, I think the case should be more 
~~ and impartially stated than has been done by Mr. 
e. 





I am, Sir, your obedient servant, 
J. Emerson Dowson. 
8, Great Queen-street, Westminster. 


WATER BALLAST STEAMERS. 
To THE EDITOR OF ENGINEERING. 

S1r,—Respecting the valuable paper on water ballast in 
your number of December 26, 1879, allow me to observe 
that on vessels provided with my system of water 
ballast, officers have at hand an easy and most desirable 
means of correcting the objections therein argued against 
all these systems. Loaded vessels having no ballast on 
leaving, steam away until caught by rougher weather, when 
the officer finds greater stability necessary to encounter 
worse weather successfully ; this by such a system as mine 
is easily obtained while under way and very promptly by 
working one or two slides, admitting sufficient extra 
stability ballast water (which generally need be but a very 
moderate quantity, easily ejected on weather moderating), 
all fairly loaded vessels allowing safely this extra stability 
ballast ; thus the serious objections urged against the 
system are safely guarded against. Captains easily pre- 
serving initial stability, which on long voyages, in many 
fully loaded vessels, daily decreases in a much more rapid 
(and very dangerous ratio) than that simply due to the fuel 
consumed, endangering the vessel’s safety. Now this 
facility of preserving stability without trouble, delay, 
or expense, is only possible with a perfect system of water 
ballast, and it is full time that due advantage should 
be taken of this most important and valuable quality, 
deserving most serious consideration indeed from all in- 
terested, the Board of Trade and Lloyd’s included, for it 
can also be easily shown that a vessel built on a perfect 
water ballast system is both a much safer and a much 
more profitable vessel than an ordinary one. 

In ENGINEERING, January 2, 1880, Mr. Aisbitt claims 
as his, the deep floor system of water ballast steamers. 
Allow me to state that in August, 1871, the Veritas, of 
Paris, fully approved the system submitted to it by me for 
its approval for two vessels built and engined by me, the 
Scio and Assyria, and the chief surveyor Mr. Martell in his 
report on water ballast (ENGINEERING, September 7, 
1877) states that system (of mine, N 13) to have given full 
satisfaction to owners; it is the only system of which that 
gentleman reports favourably, repeating his favourable 
mention in speaking of Mr. Hanter's ship built in 1876, an 
exact copy of my system applied by that firm to their ship 
five years after the Scio had been regularly trading between 
London and the Black Sea, such public data clearly proving 
that I was the original inventor of the perfect water 
ballast system of present and future, and by many 
years the first to apply it practically ; but this system also 
includes that for longitudinally doubling and successfully 
strengthening, most economically, all hulls and ships’ 
bottoms of vessels built on this system without a single 
extra rivet being placed in the outside plating of hull, an 
improvement of great importance. 

Excuse my trespassing so much on your most valuable 
space, and also that I feel called upon to write in a some- 
what egotistical manner. 


Genoa, January 15, 1880. 


To THE EDITOR OF ENGINEERING. 
Str,—Having read in your last week’s number a letter 
from Mr. Hunter, in which he states, (1) that I 
have said that I had something to do with the design of 
the s.s. Fenton, (2) that the idea (the deep floor system) 








Truly a 
. A. WESTERMAN. 








was in no way suggested by me, I must ask you to allow me 
to fully explain the matter. 


As regards having been personally connected with the 
design of the s.s. Fenton, I certainly was not, nor do 
think any one would be led to infer such from my letter in 


our pu penen 6 of > 2nd pao og - to 7 act of ay 
ving origina and suggested the idea of carrying the 
ordinary tank girders down to the shell plating, continuing 
them fore and aft, and having deep floor plates between 
them, I inly maintain that this was the case, and the 
fact of my having prepared pen which I completed 
about January, 1876, and have since in my ssion, 
and baving frequently discussed the idea with Mr. Hunter 
and others whilst at Sunderland, ought, I think, to sub- 
stantiate my claim to being the originator of the idea so 
far as mercantile vessels are concerned. 

If you will examine the drawings which you published in 
your number of December 26, you will perceive that on 
the section A (or first design) the deep floors only are 
shown without the brackets; this I maintain was my idea, 
which I had conceived some time previously, to secure the 
following advantages : More longitudinal strength to vessels 
amidships (with the same or less weight of material), and 
to effect a saving of the register to e. And I am con- 
vinced that the fact of my having originated the idea was 
and is well known amongst the officials and principal work- 
men of Messrs. Austin and Hunter’s firm. 

I herewith enclose you a tracing of my plan with my 
ideas on the subject, but must state that as ards the 
arrangement of the stanchions and beams, though it has not 
yet been carried into practice, I hope to see it done so 
shortly. Doubtless great credit is due to Messrs. Austin 
and Senter for being the first to venture to carry out an 
entirely new system of construction ; but I think you will 
allow that when a man sees his ideas, which he has been 
working out for years previously, brought into actual 
— he naturally my have the credit com el 

Ss regards our presen n carryin -dec: 
steamers, I think if the following aaihel were adopted 
more generally we should hear of fewer casualities through 
cargoes shifting, viz., that no ane in bulk be carried on 
the main (or second) deck, that the grain be carefully 
trimmed up to the main deck beams, especially at the sides 
of the vessel, and that the main and upper deck hatches 
should be trunked around with wood between decks, which 
trunks should be filled up with grain up to the top of the 
upper deck hatch coomings; this would give a — 
of grain about 10 ft. deep by the area of the hate 
which would be supported by the cargo, and would act as a 
feeder in case of any settlement in the hold ; the remainder 
of the ‘o should be carried in bags in the ’tween decks, 
and could be used as opportunity occurred to fill up any 
settlement of the grain in the hatch trunks. 

Allowing the after hold of an ordinary steamer to be 
about 70ft. in length, and the mean inside breadth to be 
30 ft., and giving, say, Gin. settlement of the grain, we 
have 70 x 30x.5=21 tons, and taking the after hatch as 
being 20 ft. x12ft., and, say, 10 ft. from the underside of 
the main deck beams to the top of the upper deck hatch 
coomings we have 20 ft. x 12 ft. x10 ft.=50 tons, or twice 
the settlement. This is, [ think, a much better method 
than platforming the grain over in the hold and ing 
bags on top, or as is frequently suggested, carrying all the 
cargo in s, as the fact must not be lost sight of 
(especially in the case of our present class of vessels) that 
the more bags that are carried the higher is the centre of 
gravity, and even in the case of rice, which is a much 

eavier cargo in bags, vessels have often acquired a very 
dangerous list. 

The above method has, I believe, been tried several 
times and found to answer. Doubtless some thoroughly 
safe mode of carrying grain cargoes will ultimately be de- 
vised, but in the mean time | cannot see that we can do 
better than keep the weight as low as possible and 
endeavour to prevent shifting. 


Yours truly, 
M. W. AISBITT. 


Marine Surveyor and Engineer. 
Cardiff, January 21, 1880. 





SCREW PROPULSION. 
To THE EDITOR OF ENGINEERING. 

Str,—In late numbers of your paper there have been 
some remarks on the employment of concentric screws 
rotating in opposite directions, to the effect that nothing 
is known for a certainty as to their greater efficiency, 
though in the printed paper of Mr. Parsons he admits 
having heard that torpedoes thus propelled went farther 
with the same charge of compressed air; I write to call 
the attention of those interested to the facts published in 
aletter to ENGINEERING of July 19, 1878, under the head 
of ‘‘ Single and Twin Screws,’’ which conclusively proved 
the extra speed gained ; and I can now add that the haul- 
ing power is nearly thrice as great with dual screws as 
with a single screw having the same superficies, havin 
just completed some experiments to test this with the 43 ft. 
Conek uded to in that letter, the ‘‘ dual’’ lifting 9 cwt. 
to a little over 3 cwt. of the ‘‘ single’ screw, by dragging 
a purchase from a fixed derrick. 

Yours faithfully, 

Falmouth, January, 1880. 





H. 8. M. 





THE PRESENT STATE OF THE PROFESSION 
OF A CIVIL ENGINEER, 
To THE EpITOR OF ENGINEERING. 

S1r,—All people who are interested in the civil engineer- 
ing profession have no doubt ere this read the report of the 
Institution. : 

A succinct account was first given of the odical 
meetings for the reading of papers, and for the Sisonsei ion 


of engineering topics, leading to a review of the publications 


I | and asking for a few books, it proceeds 





of the Institution, which for the past five years have com- 
prised four volumes of Minutes of i annually. 
After members to contribute papers for discussion 
j to inform us that 
during the past year the Council has been engaged in the 
separation of the professional and the non-professional 
members, in accordance with the directions of the late 
special general meeting. 

Really, Sir, this is too; laughable. If the Council will 
consult an English dictionary (which I should strongly 
advise them to do the next time they have to any 4 
words professional and non-professional) they will find that 
the word means a man who belongs to a profession, such 
as a barrister, clergyman, physician, C.E., &c., but never 
means a contractor or any other tradesman. Therefore the 
Institution has both committed an illegal act in admitting 
contractors, and used a word likely to deceive in calling the 
corporate members professional. 

We will first deal with the illegal act committed by the 
Council in the admission of contractors as corporate 
members. In the first place, the Charter tells that the 
Institution of Civil Engineers is a society formed ‘‘ for the 
general advancement of mechanical science, and more par- 
ticularly for the promotion and acquisition of that species 
of knowledge which constitutes the profession of a civil en- 
gineer. Now, Sir, where is the legality in admitting a 
contractor who is a man engaged in trade ? 

Secondly, they have used a word likely to deceive, because 
the Member and Associate-Member Class, which the 
Council inform us is composed of professional members, is 
only a mixture of SS members and contractors, 
thereby bringing the Institution down to the level of a 
trade society. 

The report then congratulates us on the financial state 
of the Institution, as if it were more important to get money 
by the admission of nearly all, if not all, who apply, in- 
stead of to keep up the social position of the profession 
which at | aaaead Iam ashamed to say is on a par with a 
small and ignorant builders’ society. In concluding the 
report the belief was expressed that both in its organisa- 
tion and its method of procedure the Institution of Civil 
Engineers was distinctly and definitely dedicated to the 
——— of science, and that its present prosperous con- 

tion might be taken as a convincing proof of the high 
esteem in which it is held. 

Was there ever such a mockery? It is bad enough for 
the Institution to be in the state it is, but to hear its or- 
ganisation, &c,, praised is adding insult to injury. For it 
is a known fact that there are more ignorant men in the 
civil engineering profession than in any one of the other 
learned professions. For a few instance of the ignorance 
displayed by some of our engineers you have only to visit 
some of the seaside places in the south of England and you 
will be able to see the remains of some groynes both con- 
crete and wood. Some of the concrete groynes were sunk 
a few feet in the beach, and of course the sea scoured 
the beach from under them and they broke by their own 


— 

‘These are only a few instances of the gross ignorance 
exhibited by some of the corporate members of the Institu- 
tion, and so long as admittance to the Institution is by ballot 
like a club, and the profession brought down to the level of 
a trade, so long will these cases occur Perhaps it is early 
to propose a scheme, but one way out of the chaos is to 
have a committee of, say, fifty members who will strictly 
adhere to the true intent and meaning of the charter and 


not the perverted reading which has misfortunately been 
used and brought the profession to such a pitch of de- 
gradation. 


Hoping to see this question fully discussed in your valu- 
able paper and apologising for trespassing on your space, 


I remain, yours truly, 
January 14, 1880. JUNIUS, 





Wacers 1n Sourn Watzs.—An important meeting of 
the South Wales Joint Sliding Scale Committee was held at 
Cardiff, on Saturday. The sliding scale eement was 
amended und accepted for two years. Under this agree- 
ment the house and steam colliers at about 70 collieries 
receive an advance of 5 per cent. in wages on the Ist of 
February, and advances or reductions in wages are to be 
calculated according to the net prices existing at the end of 
every four months on the standard prices of coal obtaining 
in December last. 





DRAINAGE OF SALIsBURY.—The corporation have been 
contemplating a sewage farm, which at both Weymouth 
and Salisbury has been scouted as a most costly experiment 
strongly to be avoided. The plan at Salisbury to obtain 
land compulsorily under the Land Clauses Consolidation 
Act, 1845,j1860, and 1869, for the purpose of a sewage farm, 
has been met by a suggestion from an owner of property, 
Mr. Jervoise, that he should be paid in perpetuity a certain 
sum without the enforcement of the Acts. Mr. Jervoise 
has long pressed the authorities to abate the nuisance 


& | caused by sewage Jowing into the river, and the system of 


irrigation has been resolved upon as the only means of 
getting out of the difficulty. It is estimated that nearly 
180 acres of land will be required for the proposed sewage 
farm, and this, if obtained compulsorily, and the rights of 
landowners met, would involve a very considerable expense 
upon the ratepayers. Lord Ilchester, a part owner of the 
land proposed to be taken, strongly objects to anything 
like a sewage farm, on the ground that it would depreciate 
the value of his property. Mr. Wyndham, the other owner, 
will sell the land, but the price he asks is objected to by 
the corporation. A petitition has been forwarded to the 
lool eesmmnent Board, praying them to allow the cor- 
poration to put in force the provisions of the Land Clauses 
eg for the y= and taking of lands 
otherwise agreement for the purpose of a sewage 
farm, the works A connexion with which will, it is expected, 
soon be commenced. 
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NOTICES OF MEETINGS. 
INSTITUTION OF C1VIL ENGINEERS.—Tuesday, January 27th, at 
p.m. Discussion upon “ Fixed and Movable Weirs.” 
THE Society OF TELEGRAPH ENGINEERS. — Wednesday, the 
28th inst,, the President-elect, Mr. W. H. Preece, will deliver his 
inaugural address, 
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THE STABILITY OF BRIDGE PIERS. 

THE rumour that the intention of the North 
British Railway Company, when rebuilding the Tay 
Bridge, is to make the piers of brickwork throughout, 
has led a contemporary of ours to lay before its 
readers an estimate of the stability of such piers if 
made of certain stated dimensions. The principles 
involved in estimating the stability of such piers are 
very simple, but the calculations which have 
appeared show that it is, at all events, possible 
to misinterpret the lessons which these principles 
teach, and for this reason it may be worth while 
that we should deal briefly with the subject here, 
the more so as it is one which just now possesses 
special interest. 

It has been assumed in the calculations just referred 
to that the piers of which the stability is dealt with are 
80 ft. high, 15 ft. square at the top, and 30 ft. by 
15 ft. at the bottom, each pier thus exposing a side 
surface of 1200 square feet. The weight of a pier is 
taken at 1350 tons, and the weight of the girders and 
train which it supports as ‘‘ 100 tons for the girders 
‘* and 200 tons for the train.” We presume that these 
estimated weights of train and girders have some- 
how got transposed, but in any case the total is 
1650 tons. The area of girders exposed to the wind 
is taken as 800 square feet, and that of a train 
standing on one span as 2000 square feet, while the 
centre of wind pressure for girders and train is taken 
as 90 ft. above the base of the pier. The surface 


cent. too low, as it includes no allowance for the 
effect of the wind on the lee side girder, while the 
surface for the train is some 10 or 12 per cent. too 
high, as the effect of the gaps between the carriages 
appears to have been neglected, but in the aggregate 
the two amounts are not so very far from a fair 
estimate, and we shall, therefore, retain them for 
our calculations, as comparison with our contem- 
porary’s results will thereby be facilitated. 

Of such a pier as above described our contem- 
porary says: ‘‘We may regard a pier built up of 
‘‘ brickwork or cement as practically monolithic, 
‘‘and take it for granted that if upset it would 
‘“ turn over on one edge. This is not true, because 
‘“‘ crushing would take place under the weight of the 
‘‘ superincumbent mass, and thus shorten the lever 
‘‘ through which gravity could act to maintain sta- 
‘‘ bility ; but for the present we may neglect this 
‘‘ fact.” Calculations are then given showing that 
on the assumption just quoted each 8.9 tons of the 
weight of the pier would balance a wind pressure of 
1 1b. per square foot on the pier and superstructure, 
“ but,” it is added, “this would leave the pier in 
“unstable equilibrium, and to secure a moderate 
‘‘ measure of safety the total weight must not be 
‘‘ less than 10 tons for each pound of wind pres- 
‘‘ sure.” Giving then the weight of the pier and its 
load as 1650 tons, our contemporary arrives at the 
conclusion that ‘‘ the bridge so constructed would, 
‘¢ other things being equal, withstand unharmed a 
‘* pressure of 165 lb, per square foot. This may be 
‘+ regarded as giving a large factor of safety, but bear- 
‘“‘ ing in mind what we have already stated concern- 
‘‘ ing the crushing of the brickwork at the leeward 
‘‘ side, it is not too much.”’ We do not desire to 
quarrel with this conclusion generally, but we desire 
to show what the strains set up in a brick pier b 
wind pressure really are. The assumption that suc 
a pier is monolithic and “that if upset it would 
‘ turn over on one edge” is a mostmisleading one, and 
under many circumstances might lead to very grave 
errors. 

According to the data above given, we should 
have exposed to wind pressure in the case of the 
assumed pier and its load an area of 2800 square feet 
at a mean height of 90 ft. above the base, and an 
area of 1200 square feet with a mean height of 40 ft. 


We thus get 2800 x 90+1200 x40 _ 75 §. as the 
2800+ 1200 ; 

height of the mean centre of wind pressure, while 

as the total area exposed is 2800-++1200=4000 square 


feet, we get aeabat a Bit = 134 foot-tons as the over- 
turning moment due to a wind pressure of 1 lb. per 
square foot. 

In the absence of wind pressure the weight of the 
pier with its load would be equally distributed over 
the base, and the area of the latter being 30x 15= 
450 square feet, the weight per square foot would be 


= = 3% tons persquare foot. In Fig. 1 annexed 
let a 4 represent the base line of the pier, then the 
cer oy per square foot may be represented by the 

eight a c=éd, and the area ac bd may represent 
the weight of the pier. Under the conditions just 
stated, a line let fall through the centre of gravity 
of the pier will cut the centre of the base at 7. Under 
the action of a side wind pressure, on the other hand, 
the pressure transmitted to the base will be a re- 
sultant of the weight and this side pressure, and 
this resultant will cut the base line at a distance 
from the centre, bearing the same proportion to the 
height of centre of wind pressure above base, that 
the amount of the side pressure does to the weight 
of the pier and its load. Thus with a wind pressure 
equal to ;th of the weight of the pier, or 


1650x2240 _ 61.6 lb, per square foot, the resultant 
15 x 4000 
would cut the base at a distance of +#=5 ft. from 
the centre, The re-distribution of load which 
would occur under these conditions is indicated by 
the line e4 f, Fig. 1, the load on the brickwork on 
the windward side being reduced to zero as at e¢, 
while on the lee side it would be increased to /)= 
74 tons per square inch, The area of the triangle 
efbis manifestly equal to that of the rectangle 
acdb, and it will, like the latter, represent the 
weight of the pier and its load, while the resultant 
ih of this weight and the wind pressure will cut 
the base at the point 4 directly below the centre of 
gravity of the triangular area e fd. 

The conditions of strain just explained have been 
very generally considered by engineering authors 








here assumed for the girders is some 3v or 40 per 


o be the most severe to which brickwork structures 





should be subjected, and it is in fact set down as 
an axiom in many works that the resultant of 
weight of structure and side pressure should at all 
times cut the base within the middle third of its 
width. The reason for this is of course that any 
increase of side pressure beyond that denoted by 
the position of the resultant ¢ 4 in Fig. 1 sets up a 
tensional strain in the brickwork on the side at 
which the pressure is applied, and for resisting such 
a strain brickwork is often not supposed to be trust- 
worthy. Asa matter of fact, however, good brick- 
work does possess very considerable tensional 
strength, and under certain conditions it is quite 
justifiable to rely upon this strength. We shall not 
therefore take the view that a wind pressure of 
61.6 lb. per square foot is the maximum which such 
a pier as that we are considering would withstand, 
but we give that pressure as the maximum which 
could be applied to it without setting up tensional 
strains on the windward side of it. 
Let us now consider what are the conditions of 
strain on the pier when it is subjected to a wind 
reesure Of 165 lb. per square foot, and in doing this 
it may be worth while, even at the risk of recapitu- 
lating some very elementary matters, to return to 
Fig. 1, and explain some points concerning it. It is 
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evident in this figure that the triangle ¢ & g is equal 
to the triangle g 44, and thus when the conditions 
of strain are such as are denoted by the triangle ¢ fb, 
the excess of pressure on the lee side of the centre 
of base, or reaction by which the wind pressure on 
the pier is balanced, is denoted by the differences in 
the areas ekg and gk fb, or in other words, by the 
triangle & It is owing to the fact of the base 
being subject to an initial compressive strain of 
3% tons per square foot, that the unequal loading of 
the base due to the effect of the. wind pressure 
appears wholly as an excess of compressive strain 
on the lee side. Had this initial compressive strain 
not existed there would have been a tensional strain 
on the windward side represented by ae and equal 
to 32 tons per square foot, a strain which, under 
the conditions with which we are dealing, is just 
neutralised by the initial compressive strain. In 
the absence of the initial compression the distribu- 
tion of the tensile strain on the windward side would 
have been represented by the —_ eck, and of 
the compression on the lee side by the triangle 
adkf. e total amount of tensile and compressive 
strains respectively would evidently also equal 
half the maximum strains per unit of area indicated 
by ec and d /, applied over half the area of base, or 
what is the same thing, they would gm the 
maximum strains per unit of area multiplied by one- 
fourth the area of base. Moreover, each of these 
strains would act as if concentrated at the centre of 
gravity of the triangle representing its amount, and 
as the centres of gravity of the triangles ¢ c £ and 
d k f are evidently cm ge om by a horizontal distance 
equal to two-thirds the width of the pier, it will be 
seen that the moment of resistance of the base of 


the pier is a x25 0r af in which 6=the breadth 


of the pier transversely to the bridge and ¢=its 
thickness at right angles to its breadth. Thus, in 
the special case we are considering 6=30ft., ¢= 
15 ft., and the unit of pressure denoted by ec or 


d f=3% tons, and we thus have sox x34= 


8250 foot-tons, as the moment of resistance of the 
pier to overturning. As we have shown that a wind 
pressure of one pound per square foot equals an over- 


turning moment of 134 foot-tons, we get 8250_ 


134 
61.6 lb. per square foot as the wind pressure which 
this distribution of strain in the base will resist. 
This, of course, agrees with the results above ob- 
tained in a different way. 
Let us now apply the facts just stated to deter- 
mine the effects of a wind pressure of 165 lb. per 





square foot om the pier with which we are dealing 
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The overturning moment due to a wind pressure of 
1 Ib, per square foot being 134 foot-tons, we have 
134 165 = 22,110 foot-tons as the overturning 
moment for the wind of 165 lb. pressure, while, as 
shown above, the moment of resistance of the pier is 


Or X16 =9250 foot-tons for each ton of com- 


pressional and tensional strain per square foot applied 
to the outer layers of brickwork on the lee and 
windward sides respectively. To resist the 165 lb. 
wind pressure, these strains would therefore reach 


a = 9.8 tons per square foot, while as the 
brickwork would be under an initial load of 3%, or 
say 3.7 tons per square foot due to the weight of 
the pier and its load, the total strain on the lee side 
would be a compression of 9.8+3.7=13.5 tons per 
square foot, and on the windward side a tension of 
9.8—3.7=6.1 tons per square foot, 
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This condition is represented by Fig. 2, in 
which the height a ¢ of the line ¢ d above the base 
ab represents as before the normal load per square 
foot on the pier, while the inclined line e /repre- 
sents the distribution of strain under the action of 
a wind pressure of 165 lb. per square foot, the com- 
pression on the lee side being denoted by 6 /=13.5 
tons, and tension on the lee side by a e=6.] tons 
per square foot. The line ¢ / crosses the base at m, 
the brickwork from a to m being in tension, and from 
m to in compression. The total pressure on the 
base in this case is denoted by the area of the triangle 
m f 6, which is evidently equal to the areas of the 
rectangle ac d 4 and the triangle a me, or in other 
words, to the weight of the pier and its load plus 
the tensional strain on the windward part of the 
pier. As for the resultant i 4 it will, on the principle 
already explained, in this case cut the base at a dis- 


165 x 4000 x 75 
aan : — ald. i. m 
tance equal to 1660 x9940 13.4 ft. from the 
centre as indicated in Fig. 2. 

We have now shown thata pier of the dimensions 
stated if subjected to a wind pressure of 165 lb. 
nee square foot under the conditions assumed, would 

subject to a tensional strain of 6.) tons per 
square foot on the windward side and a compres. 
sional strain of 13.5 tons per square foot on the lee 
side. These strains are certainly high, but we should 
not expect a well-built pier of good sound bricks 
set in strong cement to fail under them. At the 
same time they would undouptedly allow but a 
small margin, while it must be remembered that 
the tensional strength of a mass of brickwork for a 
considerable distance from the face is a somewhat 
risky thing to trust to. As for the compression 
of 13.5 tons per square foot on the lee side, this, 
although high, is well within the strength of good 
brickwork in cement, and we need not consider it 
further than to state that it would be very materially 
increased in the event of even a slight cracking 
of the brickwork on the windward side under ten- 
sional strain, Altogether we should be inclined to 
regard a pier of the dimensions stated as barely 
giving a factor of safety of four under a steady side 
wind pressure of 40 1b. per square foot, while for re- 
sisting the dynamic strains which are liable to be set 
up by the impulse of a wind acting in gusts, the 
factor might be materially less even if the wind 
ressure never exceeded the maximum just stated. 

f the resistance of such a pier to wind pressures 
acting in other directions than directly on its side, 


we have not space to speak on the present occasion. 


EXPERIMENTS WITH THE 38-TON 
“THUNDERER” GUN. 

ANOTHER stage in the experiments with the 38-ton 
Thunderer was completed on Friday, the 
16th inst. The object of the trials was, on this oc- 
casion, to test the effects of an obstruction, consist- 
ing of a service wad, placed in the bore of the gun 
at a distance of 5 ft. from the point of the shot. 
Two rounds were fired in this way, the charge being 
on each occasion 85 Ib. of pebble powder, and the 
projectile a common shell, weighing 593 lb. In the 
case of the first round the wad was canted forward 
at an angle of 45 deg., so as to increase the chance 
ofa jam. After the charge had been fired the gun 
was found to be perfectly intact, and (neither the 
powder pressures, nor the initial velocity, were 
altered from the normal. The pressure on the base 
of the bore was found to have been 20.7 tons, and 
on the bottom of the shot 17.6 tons per square inch, 
The initial velocity was 1409 ft. per second, 

In the case of the second round the wad was not 
canted, and was therefore struck fairly by the 
projectile. On this occasion the pressures were 
respectively 20 tons and 16.5 tons per a inch, 
and the initial velocity was 1422 ft. The gun as 
before appeared to be perfectly sound, but the cell 
in which it was mounted was shaken about in a 
most extraordinary manner, so much 80 as to 
render it dangerous to enter it at the front, In 
each case the wad was torn into minute fragments, 
which were found strewing the whole range between 
the mouth of the cell and the butts, 

These experiments seem to us to prove nothing 
at all, except that on neither occasion did the shot 
happen to jam. It is, we believe, Sir William 
Palliser’s experience that it takes on the average 
five rounds to effect a jam. It is quite clear from 
the reported condition of the gun, that no jam took 

lace during the experiments, and consequently we 
ve yet to learn the real effect of an obstruction. 
It is understood that the Committee has adjourned 
for some time, in order to prepare a report for the 
War Office, after which the course of the future ex- 
periments—if any more take place—will be decided 
upon, We trust that there will be no shrinking 
from proving the gun to the uttermost. It 
should now be fired with a double charge, and if 
it should survive this test, we hope to see several 
more rounds fired with obstructions, in order to 
find out really whether a wad is sufficient of itself 
to cause a jam and an explosion. It is of course 
possible that the gun {may survive all these tests, 
and in this event the bursting of the sister weapon 
would no doubt have to be ascribed to some defect 
or flaw in the manufacture, such as looseness of the 
outer wrought-iron jackets, or an unobserved crack 
in the steel barrel. 
With reference to the trials carried out on the 


16th inst., it has been stated on good authority,- 


and not contradicted, that a distinguished member 
of the Thunderer Committee made a solemn pro- 
test to Sir W. Palliser, to the effect that, whatever 
might be the result of the day’s firing, it had 
nothing whatever to do with the cause of the ex- 
— on board the Thunderer, as enough was 

nown to show, that the wad in the gun which burst, 
could not possibly have been elsewhere than in con- 
tact with the point of the projectile. We should 
very much like to receive additional information on 
this point, because the published minutes of evi- 
dence appear to prove nothing of the sort. We learn 
from these latter that the indicator which was in- 
tended to show how far the hydraulic rammer entered 
the bore of the gun, was broken, so that the position 
of the rammer head was unknown ; also the rammer, 
though it did most probably drive the wad home, 
was known to have withdrawn the socket of the 
wad, and might, for anything that can be known to 
the contrary, have partially withdrawn the wad 
itself before the socket became detached. 





A DISPERSION PHOTOMETER. 

In these days of electric lights it becomes neces- 
sary to be able to compare light sources of great 
intensity, with the feeble source furnished by the 
standard candle. Now if the usual plans of photo- 
metry by ng rye of their rays upon a com- 
mon screen be employed for this purpose, a special 
testing gallery or range has to be provided, because 
the ordinary laboratories or workshops have not 
room enough to allow the stronger light to be placed 
at a sufficient distance from the screen to throw 





the same intensity of light upon it as the weaker 





one. For example, an electric light of 6400 
candle power would have to be withdrawn from 
the screen to a distance of 80 ft. in order to illu- 
minate the latter to the same degree that a standard 
candle placed only a foot away from the screen 
would do, since the intensity of a beam diminishes 
inversely as the square of the distance. But there 
are few laboratories or shops which can provide a 
range of 80 ft., and when we consider that 6400 
candles do not, after all, represent one of the 
most powerful electric lights at present produced, 
or likely to be produced, we see that it becomes im- 
perative to obtain a more compact photometer. 

In a recent number (page 440 of our last volume) 
we described a new photometer invented by Dr. 
Guthrie, in which the retention of images by the re- 
tina is pressed into service; but this instrument has 
not yet been tried for the measurement of very in- 
tense lights, and though it may answer very well for 
moderate ones, it remains to be seen whether it would 
give accurate indications in cases where there is a 
great disproportion between the two sources com- 
pared, A great deal would depend on the exact 
determination of the relative widths of the slits in 
the revolving shutters, If thoroughly accurate in 
these circumstances, however, it would of course 
answer the purpose in view, forit is small and handy, 
and so long as both lights are at an equal distance 
from it on either side, the extent of this distance is 
not of much consequence. 

To get over the difficulty, Messrs, Perry and 
Ayrton have devised a plan which has proved itself 
successful; for on communicating it to the Physical 
Society at the meeting on December 13 of that body, 
it turned out that Dr. John Hopkinson, F.R.S., had 
actually been employing it for some months past in 
his electric lighting experiments, without having 
published it. The plan, in brief, consists in inserting 
a dispersive lens in the track of the beam from the 
powerful source so as to dilute it toa known de- 
gree before it falls upon the screen. In this way 
the .jntense beam is artificially weakened by the 
dispersion of the lens within a conveniently small 
space, just as if it had traversed the full extent of 
the range. Or, in other words, instead of allowing 
the rays to separate naturally in their course through 
the 80ft. of air space between the source and the 
screen, the narrow solid angle which the beam con- 
tains is artificially multiplied by the interposition of 
alens. One advantage of, the method consists in this, 
that if the absorption of the lens for light be neg- 
lected, the considerable absorption which must take 
place in 80 ft. of air is saved. 


FIC.I. 


Fia. 2. 





_ This arrangement is illustrated in Fig. 1, where A 
is the powerful light centre at a distance D from 
the lens E; and C is the screen. ‘The solid angle 
or sheaf of rays from A on passing through the 
lens is expanded into a greater solid angle, as is 
shown by the dotted lines. The perpendicular of 
this latter solid angle, or in other words, the dis- 
tance of the screen from the virtual focus of the 
lens, is a by d. Now if L be the total 
amount of light proceeding from the source A, 

— = amount of light, or number of rays, in unit solid 
4a angle radiating from A ; 

but this unit solid angle, after passing through the 


lens, is expanded into ae where 3 is the focal 


length of the lens, therefore the amount of light 
falling on unit area of the screen is 


( L,1)y.D'. (1) 
an ae) FR 

and this must equal the amount falling on the screen 
from the standard candle. 





In Fig. 2, B is the standard candle placed at a dis- 

















Jan. 23, 1880.] 


ENGINEERING. 





73 





tance D! from the screen C, and the amount of light 


falling on unit area of C, is 
1 1 
— X — . & of 
40 <p @) 
Equating i and 2 therefore, and solving, we get 
_D* a2 
l= h (3) 


where L is proportional to the product of two squares, 

Professor Perry proposes to construct the appa- 
ratus inthe form of a box darkened inside like a 
camera obscura so as to absorb all the side rays, and 
in order to diminish the fierce radiance of the electric 
light on the lens the latter would be partially 
screened by a diaphragm in front of it having two or 
three small holes in it to allow a pencil of rays to 
pass. The absorption of the lens would probably be 
small, but in any case it could easily be determined 
by assuming that it is proportional to the intensity of 
the light. Dr. Hopkinson uses a convex lens instead 
of a concave one, together with an ordinary Bunsen 
photometer. He, however, thinks that a plano- 
convex lens, formed of glass of low refractive power, 
would give the best results, and the focal length, 
which should be calculated, would be readily found 
from it. He has found the plan to answer very well 
when lights as intense as 4000 candles have been 
compared. 


COLONIAL TELEGRAPHS. 

Tue extension of the telegraphsin the colony of New 
Zealand continues to make steady progress. From 
the report of the Commissioner of Telegraphs, it ap- 
pears that during the past year 109 miles of line carry- 
ing 113 miles of wire, and 296 miles of wire erected 
on existing lines, have been added to the already 
existing plant. The total mileage of the system 
now reaches 3543 miles of poles, and 8444 miles of 
wire. The number of stations open to the public on 
the 30th of June was 195, of which 16 are new 
stations, 1] in the North Island, and 5 in the South 
Island. The mileage of line maintained during the 
year was 3434 miles, at an average cost of 5/. 0s. 9d. 
per mile. 

The railway lines in the South Island, recently 
taken over by the department, have again been 
transferred to the control of the railway authorities, 
who are engaged in organising a railway telegraph 
system specially for train signalling, and entirely 
distinct from the general telegraph system of the 
colony. In the North Island things continue on 
the old footing, there appearing no reason to doubt 
that for some time to come the system of railway 
telegraphs can be worked in conjunction with the 
main colonial system sufficient to meet the require- 
ments of the North Island. 

The nominal strength of the department has 
been increased from 716 to 801. The duplex system 
is in operation over some 1461 miles of wire, and its 
advantages are highly spoken of. It is estimated 
that its introduction has effected a saving of some 
20,0007. Experiments upon the quadruplex have 
been attended with success, and its application de- 
termined upon. The total number of messages 
dealt with during the year was 1,448,943, being an 
increase of 188,619 over that for the previous year. 
The number of money-order telegrams dealt with 
was 14,607, representing a value of 61,693/. 9s., 
showing an increase of 1807 messages, and value 
6770/7. 18s. 7d. ‘The commission collected on these 
transactions amounted to 1758/. 9s. 4d. The 
“urgent code” instituted during the previous year 
has been favourably received and largely taken 
advantage of by the mercantile portion of the com- 
munity. The number of urgent messages trans- 
mitted during the year was 30,106. The colony 
now steps forward with a ‘“ delayed” code, under 
which messages are accepted at any time during the 
day at half the ordinary fee, plus a postage fee of 
one penny, and forwarded to their Tertien and 
posted the same evening after the close of business, 
so as to be delivered by the first postal delivery in 
the morning ; 56,721 messages have been forwarded 
under this code, yielding a revenue of 2846/. 9s. 2d. 

The revenue for the year was estimated at 
76,0007. It has amounted to—exclusive of the 
value of Government telegrams, which is stated at 
26,9267. 138. 7d.—85,402/7. Os. 2d. The working 
expenses amount to 96,801/. 8s. 3d., which, after 
taking credit for the Government messages, leaves 
a credit to the department of 15,527/. 5s. 6d.; or 
3.73 per cent, on the capital invested. ‘The propor- 
tion of telegrams to letters is somewhat less than 
for the previous year, indicating, however, more an 
increase in ths number of letters than a decrease in 











the number of messages. For the last four years 
this proportion has been 22.21, 20.29, 20.71, and 
19.64 for every 100 letters. 

Although intercolonial and foreign message work is 
still increasing, it is feared that a considerable time 
will elapse before a reduction in the tariff on the 
New Zealand and Australian cable can be made, on 
account of the number of messages transmitted not 
having reached that limit which, under the terms 
of the agreement, entitles the colony interested to 
claim the reduction. 


LITERATURE, 
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Lightning Conductors, their History and Mode of Appli- 

cation. By RicHaARD ANDERSON, F.C.S., F.G.S., 

Member of the Society of Telegraph Engineers. London : 

E. and F. N. Spon, 1879 
EVERY year a certain number of deaths are caused 
by lightning, but it is only when an unusual number 
of thunderstorms with accidents startle the public 
that any interest is aroused on the question of 
lightning conductors, A few years ago considerable 
correspondence in the Zimes followed on a series of 
thunderstorms attended with deaths and loss of 
property, and for the last year a committee, formed 
of members from the Institute of British Architects, 
the Meteorological Society, and the Society of 
Telegraph Engineers, has been collecting evidence 
and material to draw up a general report on the 
subject, 

he work before us, by Mr. R. Anderson, the 
London agent of Mr. R. S. Newall, naturally 
describes and advocates Mr. Newall’s work and 
manufactures, but it evidently also contains a great 
deal of information that Mr. Newall and Mr, 
Anderson have collected on the subject, and which 
they prefer to give direct to the public in book form 
rather than in the shape of evidence to the committee 
still holding their sittings in London. 

The question of lightning conductors does not at 
first sight seem a very difficult one as regards a 
general recipe, which might be summed up in saying, 
“carry as much metallic conductivity from all 
salient points or salient lines of a building to the 
earth as you can afford within reasonable limits, and 
make as good a connexion with the earth as you can 
get ;” nevertheless, in carrying this out there are 
points of detail which have to be attended to, and 
the connexion with earth in some country places 
may present great difficulty. What pawn area 
the copper conductors should have for a given height 
of building, and how far it may be absolutely neces- 
sary to carry it along all salient angles, is perhaps 
still very indeterminate. Mr. Anderson states that 
‘copper ropes, manufactured by Messrs. R, S. 
Newall and Co., five-eighths of an inch in diameter, 
weighing two-thirds of a pound per foot, and 
having a conductivity of 93 per cent. (i.¢., the con- 
ductivity of a similar rope of pure copper) have 
never been known to fail in protecting even the 
largest building.” This, however, is a point on 
which experiment might well be made and evidence 
collected in order to avoid using more copper than is 
absolutely necessary for any given building. As 
regards the question of how far all the salient angles 
of a building are to have conductors running along 
them is another point open to discussion. Nodoubt 
mere conductors straight on end are not always 
sufficient, and as would be evident to all electricians 
a box of metal, as pointed out by the late Professor 
Clerk-Maxwell, is perfect safety from lightning to all 
inside it, even withcut any connexion to earth, 
From this a modification follows of following all the 
salient lines and points of a building with a con- 
ducting rod even p neem all horizontal lines as well as 
vertical, including the base lines so as to form the 
elements of a cage. Mr, Newall’s system, of which 
there are several examples given in excellent wood- 
cuts in the work before us, consists, apparently, of 
selecting some of the lines along the outer edges of 
the roof, aud particularly gable ends, but omitting 
most of the merely vertical angles of the walls. In 
some of the cuts the conductor seems to be taken 
down the re-entering vertical angles, which appears 
to us throwing away a chance, as it might just as 
well come down one of the salient angles. 

With regard to the earth connexion, although a 
metal box, orits modification, a metal cage, without 
an earth connexion, is safety to those inside, it is a 
positive danger to those who are outside and near 
it, therefore a connexion with earth is imperative. 
The water pipes in towns form the best earth that 
could possibly be obtained, but in the country 











where these are not obtainable various devices have 








aes employed to obtain a good connexion with the 
eart. 


In the work before us there is a list of works 
given, dating from 1663 to present date, occupying 
seventeen pages, bearing on lightning conductors, 
which shows how much has been written on the 
subject, andthe mere compilation of this list evinces 
a love of the literature of the subject. The list of 
works consulted in writing the book occupies fourteen 
pages. The first four chapters are devoted to the 
early history of the subject, and although the earlier 

ortion of this follows a beaten track, some of the 
atter parts are interesting and readable enough, 
particularly the passages relating to Franklin, A 
chapter on metals and conductors contains nothing 
me eres | new but a description of a portable 
attery, galvanometer, and resistance coils with keys 
arranged for throwing the battery current through 
galvanometer and line or through galvanometer and 
resistance coils, and thus allowing the line resistance 
to be compared with the resistance of the coils, a 
very extraordinary and rough mode of electrical 
measurement in the days of Wheatstone’s bridge 
and differential galvanometers. Then come chapters 
on the ‘Character of Lightning and of Thunder- 
storms,” and then follow ‘Inquiries into Light- 
ning Protection,” containing some interesting 
matter relating to reports by French savans to 
the French Government on the subject of lightning 
conductors, and the theory held by them that an up- 
right rod protected buildings within a certain area is 
inted out as fallacious. Sir William Snow Harris 
a chapter to himself, and ‘‘ The Best Material for 
Conductors” forms another, 
The great difference in the conductivity of diffe- 


rent coppers as given by Mathieson is pointed out ; 
thus pure copper being 100.00, we have: 
Best American copper... pe eo =: 92.57 
Australian copper ... yaa abe ane 88.86 
Russian copper... on oa bes 59.34 
Spanish Rio Tinto iy ren jie a 14,24 
The last figures are lower than we should expect, 


-~ we have not the means at hand of checking 
them, 

The system of lightning conductors adopted by 
Professor Melsons to protect that magnificent build- 
ing, the Hotel de Ville, Brussels, is described. It 
consists of a network of metal furnished with very 
many points, combined with numerous and ample 
earth contacts; eight conductors, of what metal is 
not clearly stated, are used, and the earth connexion 
is made with a well, with the gas pipes, and with the 
town water pipes. The lightning protection of 
Westminster Palace, as arranged by Sir W. Snow 
Harris, is described, and it is stated that although 
these cost 4000/., they have not been inspected since 
their construction. The American and French sys- 
tems are described and criticised. Some interesting 
statistics are given of deaths and accidents by light- 
ning. According to the English registrar-general, 
the average deaths by lightning during nine years, 
1869 to 1877, is about 21 per annum, but this 
average is considered incorrect. In Prussia, with a 
— of 25} millions against 24} millions in 

ngland, the average for the same nine years is 111, 
and in France 88 per annum during the 10 years 
ending 1863. In the United States no statistics on 
the subject are kept. In Russia, in the five years 
from 1870 to 1874 inclusive, 1452 men and 818 
women perished by lightning, and 93 fires in towns, 
and 4099 in villages were caused by lightning in the 
same years, Other statistics are given of Sweden, 
Switzerland, and Austria. 

Eleven pages contain a compiled list of accidents 
to buildings by lightning from 1589 to date, 
giving the damage done, and a list of twenty- 
three powder magazines destroyec by lightning is 
given. Some accidents are described in detail, and 
it is more of these descriptions that is required in a 
work on the subject. In relation to the absence of 
lightning conductors the author observes: ‘* The 
long roll of accidents appended to this chapter 
shows only too clearly the enormous amount of 
damage that has arisen—and is continually arising— 
from this source. Public buildings fare little better 
than private houses, Even some of the first cathe- 
drals of England have no lightning conductors 
whatever, while others supplied with them are in- 
sufficiently protected, as is apparent to any com- 
petent observer. A glaring instance of the absence 
of protection against lightning is to be found at 
Windsor Castle. It is a fact that several portions 
of this splendid palace, among them St. George’s 
Chapel and the adjoining Belfry Tower, are entirely 
unprovided with lightning conductors, On other 
parts of the castlea few conductors are placed, but 
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clearly not enough.” The question arises in the 
mind whether this want can be so great if the 
buildings have stood so long without being struck. 

Cases of buildings having conductors badly fitted 
or having imperfect earth connexions are given, and 
the state of St. George’s Church, Leicester, and West 
End Church, Southampton, after being struck, are 
described and illustrated, as well as Merton College, 
Oxford, and St, Bride’s Church, Fleet-street. In a 
chapter on earth connexions the importance of a 
good connexion with moist earth is insisted on, and 
some curious instances are given of accidents 
through the absence of these. 

Alt —_ we have stated that very long immunity 
from accidentin a building is perhaps sufficient reason 
for not improving its existing conductor system that 
has been thus tested for a considerabls time, it does 
not at all follow that new buildings should be made 
to run the gauntlet of time and experience, and 
therefore what is required isa decision founded on 
evidence of the minimum nece to protect 
any given building. The shape and form of build- 
ings vary so much that it cannot be possible to lay 
down any rule as to what form the conductors shall 
take in each case, but it seems evident that with 
very tall narrow structures a single conductor is 
sufficient, whilst with long flat ones the protection 
of one end, is no protection to the other, and how 
far we should follow all the salient angular lines is 
a question which can only be finally decided by 
carefully noting the effects and the nature of the 

rotection in cases where accidents occur, The 

Jommittee sitting, it may be oy. will have col- 
lected some evidence on this subject, and it is hoped 
will soon issue their report. In the mean time Mr. 
Anderson’s book is acceptable, for although the 
lightning conductors of Mr. R. S. Newall are perhaps 
rather prominently brought forward in it, still there 
is a great deal of readable matter and valuable in- 
formation in the book, and the statistics of accidents 
and list of works on the subject given would of them- 
selves render the book valuable to all who take an 
interest in the subject. It is well printed and some 
of the cuts are very good. 








THE CAPTURE OF THE “HUASCAR.” 
As the naval fight which ended in the capture of 
the Huascar by the Chilians may be capable of 
throwing much light on the future of naval tactics, 
it appears to be important to ascertain so far as 
le authentic iculars of the combat. We 
Save already published sketches of the captured 
vessel after the action (see ENGINEERING, pages 455 
and 476, vol, xxviii.), and also gave a plan on a small 
scale showing generally the movements of the com- 
batants. We publish this week a more detailed, and 
probably more authentic plan of the movements of 
the three principal vessels e , viz., the Almi- 
rante Cochrane, the Blanco Encalada, and the 
Huascar, during the ———- It is taken from 
the official chart of the action furnished by the 
officers in command of the Chilian vessels to their 
own Government, Assuming it to be accurate, 
and we have every reason to believe it is, it is 
worth careful study. It quite bears out our sur- 
mise, made from the particulars of the action then 
to hand, that the Almirante Cochrane had been 
well and judiciously handled during the battle, and 
that her slight injury was due to the fact that she 
was able, by keeping a position astern of the 
Huascar, to bring her own powerful bow fire to 
bear, while the turret guns of the Peruvian were 
masked by her own poop. Some other deductions 
of importance appear evident, and we will endeavour 
briefly to set them forth. 

It ap clear in the first place that the Huascar 
had the best of the Blanco Encalada in point of 
speed, for being to southward of her when they first 
sighted each other, the former passed her, and had 
gained considerably on her by the time the action 
commenced, In the next place it is equally clear 
that the Almirante Cochrane wes swifter than the 
Huascar. Had she not been the latter would doubt- 
leas have escaped, for she was already to the north 
of the Chilian before the action commenced, and as 
throughout the action her machinery was not 
damaged, it is reasonable to assume that it would 
not have been had she been able to on increasing 
her lead of the Cochrane, instead of being overtaken 
and, so to speak, headed back by the latter. And 
here we may stop to inquire how it was that two 
sister vessels like the two Chilian ironclads, alike in 


have shown such a difference in point of speed, that 
if both had been in the condition of the Blanco the 
Huascar could have defied them with impunity? 
The vessels when tried in this country performed 
alike, and it must therefore be attributed to the machi- 
nery or boilers of the slower vessel being allowed to 
become defective. It was understood that this was 
the case with both Y ta tag beginning of the 
war. Probably the Almirante Cochrane was got 
right before she met the Huascar. It is evident the 
sister vessel was still out of repair, for she ought to 
have been at least a knot an hour swifter than the 
Huascar, instead of allowing the latter to run away 
from her. This should be a lesson to all govern- 
ments, that it is at least as important to maintain 
the steaming efficiency of war ships as it is to secure 
high speeds when they are new. 


ad 
“ 


A’s starboard quarter. 11th position, H surrenders. 

And here we may notice another point before dis- 
cussing the battle. It may at first appear strange 
that the Huascar being observed south of both 
ironclads should have been able to pass to north- 
ward of the Blanco without firing a shot, and should 
also have ed the Cochrane before the action 
commenced, although the latter certainly, and 
— also the Blanco, might have got across her 
ine of retreat, or sufficiently near to exchange shots 
in passing. It should be remembered, however, 
that it is dangerous for a vessel to place itself in 
front of a determined, not to say desperate, enemy, 
as by doing so she renders herself liable to be 
rammed, Had the Blanco steamed across the line 
of retreat of the Huascar, she would have run con- 
siderable risk of ramming, having the inferior speed 
she had, notwithstanding her superior turning 
power. In the case of the Almirante Cochrane it 
was obviously wiser not to give the Huascar a chance 
of using her stem by either crossing her bow or 
steaming to meet her bow on. Had she steamed to 
meet the Huascar bow on, and a collision had been 
avoided, she would have lost ground in turning, and 
given the enemy a start in ranning away, somewhat 
similar to what the Spanish fleet did when they 
tried to intercept the return to Carthagena of one 
of the ironclads in the hands of the intransigentes. 
By sweeping round in rear of the Huascar the 
Almirante Cochrane pursued sound tactics. Having 
done this, her superior speed and turning power 
gave her an enormous advantage over the Huascar. 
An account of the battle which has reached us 
states that the Almirante Cochrane from the begin- 
ning of the action to the arrival of the Blanco, hung 
upon the port quarter of the Huascar, and cculd not 
be shaken off from this position. This, as we have 
stated before, gave her the full use of her powerful 
bow fire, while the Huascar’s guns were masked, 
No wonder then that the Cochrane received little 
. It is true the turret ship might have 
blown away her own poop or shot through its thin 
plating, but there is no evidence that this was done, 
and the probability is that the firing from the 
Huascar’s turret was from the first mere random 











all respects, built and engined by the same firm, 
from the same design, should on the day of battle, 


firing. The position taken up by the Almirante 


Cochrane gave her also an admirable opportunity 
to damage her opponent’s steering apparatus, of 
which she appears fully to have profited. It may 
also, we think, be taken for granted that having 
taken up her position astern of the Huascar, and 
being superior in speed and turning power, it would 
be next to impossible for the latter to shake her off 
from this position once she had got moderately 
close, and it is pretty obvious that by continuing to 
keep her bow towards the Huascar the Cochrane 
could inevitably, had she so minded, have rammed 
her, Any one following the movements of the 
two vessels from the positions A, H, to A, H, 
will at once see the force of our contention. 
Here the Blanco may be said to have come 
on the scene, and the character of the battle 
is at once changed by the blundering impetuosity 





A. Almirante Cochrane. 
B..BlancoEnrcalada . 
H ..Huascar. 


3rd position, 9.20 a.m, A replies to H’s fire which was commenced at 3000 metres, distance 2000 metres.—4th position. 
Shell from A pierces pilot tower of H, kills her captain, and disables her steering wheel.—6th position. Shell from A 
enters counter of H, cuts away portion of tiller, kills the men at the relieving tackles.—8th position. B joins A, attempts 
to ram H, narrowly misses A (who has to hard-a-starboard his helm), and probably about this time plants a shell in 


of her movements which from accounts that have 
reached us went very near to bringing about disaster 
to the Chilians, Before dwelling on this, however, 
it will be as well to glance over the effect of the 
fight on the Huascar up to this time. Her gallant 
Commander Grau and his principal officers had been 
killed. Her steering wheel had been disabled, 
which made her dependent on her tiller and reliev- 
ing tackles. The tiller had afterwards partly been 
shot away and the men at the tackles all killed, thus 
again disabling her manceuvring powers, and pro- 
bably from the time of this latter catastrophe little 
more could be done on board of herin the matter of 
steering beyond keeping the vessel’s helm over to 
port as it appears for a time to have «been, or 
letting it go free. The vessel at this time indeed 
appears to have been at the mercy of the Cochrane. 
which had closed up under her stern, and could 
either have rammed her or compelled her surrender, 
or even ranged alongside and boarded her. Tor- 
pedoes, it should be observed, have not been men- 
tioned as in use or ready for use, during the whole 
engagement, 

We have now to notice the movements of the 
Blanco Encalada. And here we have an illustration 
of the incompetent handling of a ship in action as 
striking as that of the Cochrane was admirable. 
Her commander had doubtless been chafing at being 
left astern by the Huascar and at being kept so 
long out of the engagement, and this doubtless im- 

ired his judgment, Watching the engagement as 

e must have been for some time before taking 
part in it, he might have seen the immense advan- 
tage the position of the Cochrane gave her, yet the 
first thing he appears to have done was to burst in 
between the two combatants in an attempt to ram 
the Huascar, which fortunately for the Chilians was 
unsuccessful, very nearly ramming her own consort 
the Cochrane, actually, it is believed, striking the 
latter with a shell meant for the enemy, and compel- 
ling the Cochrane to turn round hard to port to avoid 
the collision, thus relinquishing the favourable = 
tion she had taken up and could otherwise have 
maintained with regard to the Huascar. In the first 
place the attempt to ram the Huascar when the odds 
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DETAILS OF HORIZONTAL ENGINE. 


CONSTRUCTED BY THE SWISS LOCOMOTIVE AND ENGINE WORKS, WINTERTHUR. 
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were so clearly against her was a blunder. It was 
a still greater blunder to imperil the Cochrane, 
drive her out of her position, and come between her 
fire and the enemy, to say nothing of the shell by 
which she struck her consort, which was doubtless 
an accident, but one arising from the incompetent 
handling of the ship. 

Had the Blanco disabled the Almirante Cochrane 
the Huascar would in all probability have escaped 
in spite of her injuries, for she was making off with 
her machinery uvimpaired and had still the best of 
the Blanco in point of speed. The Almirante 
Cochrane, however, was not to be denied. Having 
to turn sharp round to port it will be seen by her 
subsequent course that her superior speed again 
stood her in good stead, as she was again able to 
overhaul the Huascar and get close up into her old 
position under her enemy’s port quarter, 

In the official reports made by the surviving 
officers of the Huascar, mention is made of an 
attempt on the part of the latter to ram the Blanco. 
This probably refers to the same phase of the 
action shown at position 8, when the vessels crossed 
each other’s courses at very close quarters, and which 
in the Chilian account is spoken of as the Blanco’s 
attempt to ram the Huascar. The latter is much 
the more probable version, as in the then condition 
of the Huascar’s steering arrangements she must 
have been but little under control for ramming 
operations, 


BROWN’S HORIZONTAL ENGINE. 

RATHER more than a year and a half ago (vide page 
475 of our twenty-fifth volume) we published a descrip- 
tion of the horizontal condensing engine exhibited at Paris 
by the Swiss Locomotive and Engine Works (of Winter- 
thur), and the engravings which we publish to-day on 
the present page and page 70 illustrate a smaller engine 
constructed by the same firm, and designed—like the 
other—by Mr. Charles Brown, the managing director of 
the company. In its details this engine has a number of 
points resembling those of the larger one; and it re- 
sembles it also generally in what may be called the sub- 
stantiality of its design and particularly in the care which 
has been taken in the arrangement and the extent of all 
its wearing surfaces. 

The cylinder, 250mm. (9.8. in.) diameter and 500mm. 
(19.7 in.) stroke, is jacketted and has a separate liner ; 
it rests upon a cast-iron pedestal. It has a cover at each 
end, the flange of the front cover being placed on the 
middle of its depth, so that it can project into and carry 
the end of the frame. The steam and exhaust pipe con- 








nexions are below the cylinder, and the steam passes 
through the jacket on its way to the valve chest. As 
will be seen from the general views on page 70, the frame 
itself is of Y shape, with a top opening at the cylinder end 
for getting at the piston-rod stuffing-box, and openings 
at the sides for giving access to the guides (which are 
bored) and piston-rod head. Details of the latter are 


\Y 
GMM hl 









Yl -ye 












shown in Fig. 5 on the present page, which shows also 
the arrangement for lubricating the gudgeon through 
holes inthe frame. The brasses are adjustable by means 
of a large capstan-headed screw tapped into the head 
itself, as shown. The main bearings are double, and 
details of the plummer-blocks are shown in Figs. 6 
and 7, which are simply enlargements of the same 
views as are given in Figs. 2 and 4 respectively. Each 
main bearing is 4.72 in. in diameter by 9.45 in. long. 
Underneath the shaft end of the frame is a cross bracket 
casting to which each limb of the frame is held down by 
one large bolt. The engine is thus virtually supported 
at three places, no doubt with considerable advantage in 
freedom from injurious straining. The plummer-blocks 
have cast-iron covers which are bolted dead to place, and 
the adjustment of the brasses, which can take place both 
vertically and horizontally, is effected by four separate 
set screws in each, two above and two in front. The 
bearings are of patent metal run into cast-iron bushes, 
as shown in Figs. 6 and 7. A pair of cast-iron balance 
discs are used instead of cranks, and the feed pump (a 
vertical single-acting plunger pump) is worked by a pin 
on the free end of the main shaft (Figs. 3 and 4). The 
main crank-pin is 4.72 in. in diameter by 7.87 in. long, 
and has a central collar as shown. 

The valve gear, which hasan automatic cut-off, is of a 
very simple kind. The valves are shown enlarged in 
Figs. 8 and 9, and the arrangement of the spindle ends 
in Fig. 10. The Rider system of valve is used, in which, 
as will be remembered, the change in the cut-off is effected 
by the turning of the expansion valve upon the back (or 
rather inside the back) of the other. The expansion valve is 
made wedge-shaped, and the ports in the main valve 
being bevelled to suit, the effect of turning the former is 
the same as that of altering the length of the valve in 
the common right-and-left-handed screw arrangement. 
In this engine the main valve is carried right round the 
other and fitted with a separate working liner, the cut-off 
ports being made double. The main valve is driven bya 
stirrup and the expansion valve by a projection upon its 
spindle. The weight of the main valve is taken by the 
horizontal surface shown in Fig. 9. As regards the 
mode of making the connexion between the valve 
spindles and the valve spindle crossheads, it will be 
seen from Fig. 10 that the ends of the valve spindles 
are turned so as to form a number of collars like those 
of a thrust bearing. The part of each spindle thus 
formed is clipped by a tubular piece made in halves, 
the interior of this tubular piece being bored to fit the 
collars in the corresponding spindles, while the exterior 
is screwed to fit the valve spindle crosshead as shown. 
The end of each tubular piece next the cylinder is made 
to a hexagon shape, so that it may be turned in the cross- 
head and the length of the valve spindles thus ad- 
justed. A lock nut on each tubular piece fixes it when 
the adjustment has been made. This form:of con- 
nexion leaves the valve spindle free to be rotated, and 
it is used, as shown, for both valve spindles, although 
it is the expansion valve spindle alone whieh is ope- 
rated upon by the governor for varying the cut-off. 

The gear for working the valves is somewhat special, one 
eccentric only being used for both. This eccentric, which 
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is placed between the driving disc and its bearing, works 
the main valve direct, and the expansion valve from a pin 
in its strap throagh a couple of links (shown dotted in 
Fig. 1), the general effect of which is to make its action on 
the expansion valve equivalent to that of a second eccentric 
placed differently in respect to the crank. We believe 
that the arrangement, which is certainly very neat, gives 
a very good steam distribution. The governor used is 
Proell’s, which is both powerful and sensitive; it acts 
on the valve by lifting the lever shown in Fig. 10 and 
(dotted) in Fig. 9, and thus partially rotating the valve 
spindle. 


VICTORIA DOCK EXTENSION, 

THIs magnificent dock is now fast approaching com- 
pletion, and though the progress of the works has been 
seriously retarded by the inclemency of the weather, it is 
now certain that the dock will be opened for traffic in 
the course of the present year. Since our last notice of 
the works a very important improvement has been 
effected in their design. 

Four years ago when they were first projected, the 
idea was simply to cut a canal from tho present dock to 
Galleon’s Reach for the purpose of getting a new entrance 
lower down the river. At that time few vessels came into 
the port of London drawing more than 24 ft., and it was 
therefore considered that in making the bottom of the 
canal 27 ft. below Trinity high water, ample depth was 
secured for vessels of the heaviest draught. Lately, 
however, the advent in the Thames of the Orient steamer 
drawing over 26 ft., and the fact that other vessels of 
even heavier draught are in course of construction, has 
awakened the dock companies to a knowledge of the in- 
sufficiency of the accommodation they have to offer 
to the increasing size of ocean-going steamers, The Lon- 
don and St. Katherine Docks Company have not failed to 
grasp this very important fact, and their original in- 
tention of constructing a canal having long since ex- 
panded into making it a dock, they have now vigorously 
set to work to deepen it very materially before itting 
the water. Some 17 acres of the dock are being in- 
creased in depth to 30 ft., and the whole of the entrance 
basin, which has an average of 10 acres, and a quayage 
of 2500 ft. to 383 ft. below Trinity, the inner sill of the 
entrance lock being lowered to 30 ft. These depths will 
abundantly provide for vessels of the heaviest draught 
both at springs and neaps, and the accommodation 
which the Victoria Dock will offer will unquestionably 
far transcend that of any dock in the port of London. 

For the first time London will be able to boast of a 
really large and roomy dock with almost unlimited quay 
space, ample depth and easy access from the lower 
reaches of the Thames, advantages which it would hardly 
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be possible to exaggerate in enabling it to compete 
worthily with any dock in the kingdom or even in the 
world. The walling of the new dock, some 3} miles in 
extent, is now practically completed, only a few gaps 
having to be filled np, where the inclines for the con- 
tractors’ railways from the bottom are still necessarily 
kept open. 

The two dry docks are finished, also 4000 lineal 


feet of iron sheds on the north quay. These sheds are} }4, 


now being extended to the full length of the quay, and 
railways and roads are being laid all round the dock, 
which is supplied with every appliance in the shape of hy- 
draulic machinery, and contrivances of every possible 
description for facilitating the loading and discharging 
of cargoes, which the forethought of Mr. Rendel, the 
engineer, and Colonel Martindale, the general manager, 
could possibly devise. 

The completion of this grand work is looked forward 
to with considerable interest by the profession to whom 
the carrying out of works on such an enormous and 
comprehensive scale in the immediate neighbourhood of 
the metropolis cannot but prove an instructive example 
of engineering and commercial enterprise rarely met with 
at the present day. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Machinery v. Hand Work.—For some months past the 
manufacturers of Sheffield have been endeavouring to in- 
troduce machinery on a large scale into the manufacture of 
sheep shears. They have succeeded, and the grinders now 
recognising the fact, are offering conciliatory measures so 
that work may be completed. 


The Iron Trade.—Prices of iron continue to advance, 
particularly bematites, which are now quoted common pig 
at 6l. 5s. to 61. 10s.; marked brands (steel) 91. 5s. The 
increase in rates is extraordinary, and the market is im- 

roving. Swedish irons have risen 4/. per ton since 
Boveatbers Sheffield firms have, however, large contracts 
in hand for Swedish irons at low rates and are now reap- 
ing the benefit of the advance in prices. Further advances 
in price are anticipated, and manufacturers are sanguine 
that the improvement will continue. 


John Crossley and Sons, Limited.—The annual report 
and balance sheet of this company has been issued and shows 

rofit for the past year 63,9281. A dividend of 5 per cent. 
is recommended, and 35201. to be carried to next year’s 
account. 


Hull and Barnsley Railway.—This scheme is now 
practically coaupenes. The directors of the Hull Dock 
Companyjhave been waited on by the promoters of the rail- 
way, and the former have been asked to take over the dock 

rtion of the scheme on the terms stated in the agreement 
| ommend the railway company and the Hall corporation. 
The dock company now decline the offer made to them. 

Improvements at Horsforth.—The Local Board of 
Horsforth are desirous of carrying out new sewerage works 
at a cost of 22,0001. Mr. J.T. Harrison, C.E., one of 
Her Majesty’s inspectors, has reported on the subject to 
the Local Govetemnend Board. 








NOTES FROM THE NORTH. 
Guaseow, Wednesday. 

Glasgow Pig-Iron Market.—The warrant market took 
another downward turn on Thursday, and lost the entire 
gain of the previous day, 2s. 3d. per ton, and the closing 
price was the same as was paid on Tuesday of last week 
and on Thursday of the preceding week. Business opened 
in the morning, as it left off on Wednesday, at 72s. 9d., 
and prices declined to 71s. 6d. cash, and from 73s. 3d. 
down to 72s. 3d. one month, the market closing a little 
better, buyers at 71s. 9d. cash, and sellers 3d. per ton 
more. In the afternoon prices receded from 71s. 9d. down 
to 71s. 6d. cash, and from 72s. 7}d. to 71s. 6d. one month. 
The close was —buyers 70s. 9d. cash and 71s. 3d. one month, 
and sellers 1}d. more. Friday's warrant market showed 
considerable fluctuations, prices declining 6d., then rising 
1s. 14d., and closing weak at 3d. under those of the previous 
day, and 9d. under those of the preceding Friday. In the 
forenoon business opened at 70s, 6d., the previous day’s 
lowest quotation, and prices went back to 70s., and there- 
after improved to 71s. 14d. cash, and from 70s. 6d. to 71s. 9d. 
one month. From 71s. down to 70s. 3d. cash, and from 
71s. 9d. down to 70s. 10}d. one month were paid in the 
afternoon, and the market closed with buyers at 70s. 14d. 
cash, and 70s. 104d. one month, and sellers 1}d. over. 
Monday's warrant market was somewhat irregular, but 
prices eventually closed as on Friday afternoon. Business 
opened quiet in the forenoon, and was done at 69s. 10}d., 
G¥s. Od., and 69s. 10$d. to 70s. various prompts, 
and then 70s. 6d. cash and 71s. one month were paid, 
sellers at the close asking 70s. 74d. cash, and 71s. 3d. one 
month, and buyers offering 14d. per ton Jess. The after- 
noon began firm, with buyers at 71s. t> 71s. 3d. cash, and 
at 71s. 6d. to 71s. 9d. one month done, the price receding 
quickly to 70s. 9d. and 70s. 7$d. cash, and closing at 70s. 3d. 
cash accepted and 71s. one month, and buyers 3d. per ton 
less. There was considerable excitement in the iron 
market yesterday, and buying was heavy both for ship- 
ment and on speculation. A steady rise in prices took place, 
and the close was at the highest rate, showing an advance to 
the extent of 1s. 9d. per ton over Monday’s and last Friday’s 
close. Business started in the forenoon as it left off on 
the previous day at 70s. 3d. cash, and the quotations 
gradually advanced to 71s. 1d. cash, and from 71s. to 
71s. 9d. one month, closing sellers at the higher quotations, 
and buyers 14d. less. Prices further improved in the 


afternoon, from 71s. 3d. to 72s. cash, and from 71s. 104d. 
to 72s. 7id. one month, and the closing quotations were, 
sellers 72s. 2d. cash and 72s. 9d. one month, and buyers 72s. 
and 72s. 74d. cash and one month respectively. The 
warrant market was strong this forenoon, when business 
was done at 72s. to 72s. 6d. cash, also at 72s. 6d. to 73s. 3d. 
one month, sellers at the closing holding out for the top 
prices, and buyers very near. The afternoon market was 
firm, sellers 71s. 10$d. cash, buyers very near. There 

again been a good demand for special brands on 
Ameriean account, and it is satisfactory to note that the 
bulk of the business is for prompt shipment. A good 
inquiry for forward delivery is also reported. The rise in 
the freights to America has to some extent interfered with 


the demand. On account of steam vessels as high as 20s. 
per ton has been asked, and 17s per ton has been paid for 
sailing vessels, which added to 31. 15s. of cost and other 


items, makes, in outlay alone, about 51. per ton. Latest 
advices from New York report an active market. A 
number of iron merchants in Glasgow appear to be strongly 
of opinion that an improved demand from the Continent is 
bound to set in withoutimuch delay. In the mean time, 
however, the recent advance in prices seems to have checked 
the Continental demand. Three additional blast furnaces 
having been blown in during the past week, there are now 
104 in actual operation, as against 91 at this time last year. 
Up till Friday night the stock of pig iron in Messrs. Connal 
and Co.’s pig iron warrant stores amounted to 429,015 tons, 
showing an increase for the week of 3440 tons. Last week’s 
shipments from all Scotch ports amounted to 12,288 tons, 
as compared with 6221 tons in the cerresponding week of 
last year. 


The Emperor of Russia’s Yacht.—The complete model of 
the vessel which Messrs. John Elder and Co., Glasgow, have 
contracted to build for the Czar of Russia has been sent to 
Lochlomond, in order that certain experimental trials may 
be made as to speed, &c. Lochlomond has been selected 
for this purpose as the water is comparatively calm, and 
there is ample space. The yacht is to be 250 ft. long by 
150 ft. broad, and the model is 25 ft. by 15 ft., being one- 
tenth of the dimensions of the principal vessel, or one- 
thousandth part of the tonnage. She is of the same form 
and draught of water as the larger vessel, and has her en- 
gines and screws complete. 


Contract for another War Vessel.—Messrs. John Elder 
and Co. have just secured an order to build a new war 
vessel for the Argentine Republic. She is to be a steel- 
plated ram, adapted for torpedo purposes, and of consider- 
able dimensions. Her engines will be fully equally to one 
horse power per ton, in order to secure a high rate of speed. 
The details have been left very much in the hands of 
Messrs. Elder and Co. 


Fairfield Association.—The third general meeting of 
this association was held last Wednesday evening. In the 
absence of the president, the chair was occupied by Mr. 
John Angus. An interesting paper on ‘ Propellers’’ was 
read by Mr. W. Clark. 


Strike of Rivetters.—The rivetters in the employment of 
Messrs. D. and W. Henderson and Co., Meadowside Ship- 
building Yard, Partick, recently came out on strike inst 
a proposed reduction of wages; but within the last day or 
two they have returned to their work on their old terms, an 
arrangement having been come to by which the notice of re- 
duction was withdrawn. 


Harbour Engineer for Aberdeen.—For the office of har- 
bour engineer at Aberdeen, rendered vacant by the resig- 
nation of Mr. W. Dyce Cay, C.E., there were forty-six can- 
didates, of whom six were selected for consideration, namely : 
Mr. William Murray Alston, Clyde Navigation, Glasgow ; 
Mr. George James Clarke, assistant resident engineer, 
Victoria Docks, ;\London; Mr: Whately Eliot, resident 
harbour engineer, Peterhead; Mr. Cathcart William 
Methven, assistant harbour engineer, Greenock; Mr. 
William Smitb, assistant harbour engineer, Aberdeen ; and 
Mr. William Yuill, 3, Fenchurch Avenue, London, C.E. 
At a meeting of the Harbour Commissioners, held last 
Monday, Mr. Smith was unanimously elected as Mr. Cay’s 
successor. The salary attached to the office is 400l. per 
annum. 


Wick Harbour Trust.—The first meeting of the Wick 
Harbour Trust, recently elected under the Harbour Act of 
last session, was held yesterday, when a chairman was 
appointed and other formal business was transacted. It is 
understood that the first serious duty of the trustees will be 
to endeavour to induce the Treasury to remit the loan of 
60001. expended on the wrecked breakwater. 


The Forth Bridge.—Mr. William Arrol, the contractor 
for the Forth Bridge, has this week visited Queensferry 
for the purpose of making arrangements for starting work. 
It is reported that he has acquired a clay-field in the neigh- 
bourhood for the manufacture of the bricks required, and 
is getting his plant ready, so that as soon as the ground for 
the erection of sheds and workmen’s huts is placed at his 
disposal, he may be in a position to begin operations. 








NOTES FROM THE SOUTH-WEST. 

Swansea.—From a report laid before the trustees of the 
harbour at their meeting on Monday, it is shown that the 
net tonnage of vessels cleared from Swansea during 1879, 
was 761,708 tons, being an increase of 59,925 tons over 
1878. Of this increase nearly 40,000 tons took place during 
the last five or six months, the increase in September being 
7878 tons. This is attributable to the increased import of 
iron ore and other commodities for the various works in 
the district. The statement of revenue and expenditure 
for the past month is satisfactory, showing a surplus of 
8252. This added to the previous month, gives a total of 








19751. as the net profit of working the harbour during the 
past six months. 





Nawal Barracks for Devonport.—The Lords of the 
Admiralty have ly resolved on the erection of some 
long projected naval s at Devonport. The work, 
more locally important than any other undertaken since 
the Kgien Dockyard was formed, is already in hand, 
and will probably occupy some five years in completion, 
and it is likely to en an expenditure not far short of 
250,0001. The accommodation afforded will be sufficient 
for 4000 seamen, about twice the number which the Adelaide 
and Indus are able to berth. 


The Tredegar Works.—The puddling furnaces at these 
works have not been so busy as they are now for many 
years past, and the coal and coke es are as brisk as in 
their palmiest days. The wages, however, are not any- 
thing like the figure reached in 1872. 


Sewage at Dorchester.—At Dorchester the Corporation 
have decided to adopt the precipitating system, the idea of 
a sewage farm being abandoned because of its costliness. 
The borough surveyor is preparing a scheme, and this is 
to be submitted to the Local Gevammenmes Board for their 
approval. It is expected that, to meet the requirements 


of the Rivers Pollution Prevention Act, a considerable 
expense will have to be incurred. 


Bristol Tramways.—A special meeting of the Bristol 
sanitary authorities was held on Monday to consider an 
application of the Bristol Tramway Company to the Board 
of Trade for powers to make tramways through a great 
many streets, to run railway carriages and trucks over 
their lines, and also during a period of seven years to use 
steam on the tramways, with the consent of the Board of 
Trade. After some considerable discussion, the committee 
resolved to approve a line through the new street from 
St. James’ Churchyard to the Drawbridge, and, subject to 
the sanction and approval of the Docks Committee, to 
consent also to a tramway from the Harbour Railway over 
Prince-street Bridge, along the Grove and Welsh Back, as 
far as Messrs. Wait and James’s warehouse, and along the 
narrow quay as far as the Assembly Rooms Avenue. In 
the course of the proceedings Mr. G. White, secretary of 
the Tramways Company, stated that the Hotwells and 
Horfield lines would be both opened in April. 


Cardiff.—There is not much stock at the collieries, and 
the demand is good. Orders for both steam and house coal 
are plentiful in the market, and buyers are anxious to place 
contracts for forward delivery, evidently believing in a 
further advance. Colliery proprietors are reluctant to 
conclude contracts at old rates, having large orders on 
hand already. The general trade of the port has been 
good, owing to a number of steamers arriving from 

ilbao with iron ore. The quantity of coal cleared last 
week was 7040 tons more than in the previous week, 
108,564 tons being shipped foreignwise. Patent fuel orders 
are scarce. The iron trade is good, and large quantities 
arrive daily at the wharves for shipment, the following 
having been cleared during the week: Rails, 1000 tons to 
Galveston, and 1400 tons to New York, both by Mr. W. 
T. Edwards ; 1005 tons to St. John’s, by the Dowlais Iron 
Company ; total, 3405 tons. 

Weymouth.—Mr. Hawkesley, C.E., has presented an 
elaborate report in regard to the Weymouth drainage. 
He suggests an outfall sewer to receive in its course the 
whole of the drainage, and the works which he proposes 
he estimates to cost 25,0001. He expresses an opinion 
that the causes of the effluvia so long complained of can 
only be completely removed by reclaiming the now sub- 
merged lands and thus destroying the lake. This operation 
may, he says, be effected in either of two ways: Ist, by 
| the ground now forming the bottom of the lake to 
a level above that of the highest tides, at a cost of 80,0001. 
or 100,000/. ; 2nd, by embanking the channel of the river 
Wey and draining the reclaimed lands by steam-driven 
pumps in the manner practised in the Fens, at a cost of 
probably 20,000/. It is, however, he says, highly im- 
probable that the assent of the Government could be 
obtained to the abolition of a great reservoir of tidal 
water constantly used for the important purpose of main- 
taining the depth of an important harbour. He suggests 
the deepening of the shallow part of the lake by dredging 
and throwing the excavated material into the form of 
ornamental islands, as was done at the Serpentine, at 
Regent’s Park, and elsewhere. He strongly denies that 
the origin of the noisome smells is to be found in the 
excreta sewage of the town. 


South Wales Institute of Engineers.—The twenty- 
second ann meeting of the South Wales Institute of 
Engineers was held at Cardiff, on Thursday, under the 
presidency of Mr. James M‘Martrie. The annual finan- 
cial statement of the session 1878-79 was of a satisfactory 
character. The election of office-bearers to succeed those 
retiring by rotation took place. Mr. James M‘Martrie 
was appointed president, Mr. Thomas Joseph, Mr. G. 
Wilkinson, and Mr. G. F. Adams, vice-presidents. The 
following papers read at previous meetings were discussed : 
“The Failure of the Proedyrhiw Bridge, near Merthyr,” 
by Mr. T. Dyne Steel, M. Inst. C.E.; ‘‘Compressed Air 

achinery,’’ by Mr. A. J. Stevens ; and “ Large and Deep 
Bore Holes by the Diamond Drill,” by Mr. James Barrow. 
Mr. Thomas Thomas read a paper on ‘‘ An Automatic Self- 
sustaining Hoist.’’ Subsequently the members of the 
Institute dined together. 

The Forest of Dean.—Crude iron continues in active 
demand, and iron ore commands an enlarged market. An 
advance of 5 per cent. has been recently given to the forge- 
men and employés at the Cinderford Valley Wire Works, 
where trade, as at the tin-plate industries, continues active. 

ments are in for an early resumption of 
operations at the Crawshay Iron Mines, Dean Forest, the 
property of the Coleford Hematite Iron Company (Limited), 
some years. since in consequence of the then de- 
pression in the iron trade. 
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THE HARDENING OF IRON AND STEEL. 
On Hardening Iron and Steel ; its Causes and Effects.* 
By Professor RicHaArRD AKERMAN, Stockholm. 
(Continued = page 60.) 

In the closest connexion with the increase of the hard- 
ness, stand the raising of the limit of elasticity, and 
the breaking strain or ultimate tensile strength and the 
diminution in ductility. Unfortunately the researches 
that have been carried out ae g these points are not 
yet numerous enough to enab with figures to express 
completely all the changes in these respects which are 

caused by hardening in iron and steel with different con- 
tents of carbon, but sufficient experiments have already 
been made to give us somewhat satisfactory ideas on this 
point. A comparison between the Tables I., II., and III. 
shows that the effect of hardening is in general less in the 





breaking tests of yp yoo | elem | — 











and part hardened in dilute sulphuric acid. 
** Fer Ordinaire’’ 
Hardened in Dilute 
Unhardened. Sulphuric Acid. 
| 
Breaking Elongation Breaking Elongation 
Weight. . | per Cent. Weight. per Cent. 
kilo. per sq. kilo. per sq. 
mm. mm. 
38 17.5 41 20 














diminished by hardening even in the soft varieties of 
; exceptions, however, — tT found to this rule, and 
this appears to be specially the case with the more phos- 
phoriferous iron, the resistance of which to breaking, elon- 
n, and contraction of the area of fracture, may even be 
Saceiie hardening b aped = instance is the case both with 
theiron from Aryd made refining lake ore pig iron in the 
hearth, and with the most phosphoriferous of the 
eo of puddled i iron from 5 =~ have just been 
mentioned. This is, besides, several other 
facts; as for nstance that Martin eee id 0.15 per cent. 
hosphorus can stand much severer bending tests after 
iolanien than in an unhardened state.* 

In order to obtain a somewhat satisfactory idea of the 
ductility of a substance, we ought not, however, to fix our 
attention exclusively on the g elongation and the 
contraction of the area of fracture, but also to pay due 





TABLE No. L—TESTS OF THE TENSILE STRENGTH OF PUDDLED IRON, BOTH UNHARDENED AND HARDENED, IN 
DIFFERENT WAYS, OF IRON REFINED IN THE OPEN HEARTH, AND OF INGOT METAL. 
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Test Bar's J) ; 
ConTENTS OF & Be Ke} 
| = |e | "eal & 
a a 8 B =| ° 8 b 
Maker. Variety of Iron or Steel. Mode of Treatment of Test Bar. 4 Bas 8 @ | Seg $a ants 
oa uw = ° = 
8a | 25 2 & |. g 6 
£5 | 8. & £5 ¥ 
#6 | 48, E 2 |88 s 
5 - -- a |S a 
Kilog. per 
sq. mm. 
Surahammar Puddled iron, rolled .., .. |Unheated «es on} 0.20 ? 34.0 | 19.07" ? Styffet |Average of five tests, 
Do. Do. Wy, ats ... | Heated to redness, and slowly cooled in hot small charcoal oe on oo 32.9 ? 63.7 Do. 
"1 Do. ORs cao hs Do, hardened in water... nee. a es can 48.5 6.2 33.9 Do. Average of two tests. 

Bowling Do. — + -..| Strongly heated and hardened in coal tar oe P wee sig ? ? 44.2 22.4 40.5 Kirkaldy$ | Average of three tests. 
Do. Do. GO. we one Do. do. a dn ° ? ? 45.4 18.8 33.6 Do. Average of two tests. 
Do. Do. do. ai i Do, do. water ., & ? ? 51.6 19.6 84.9 Do. 

Puddled iron, piece of a crank-axle, 

sample taken in the oun. of 
the — of theaxle _,,, ..| Unheated eat oo bet on ? ? 31.2 20.6 24.3 Do. 
do. Hardened in water _.. 2 gis s a wis, 87.5 16.6 19.0 Do. 

Puddled r= piece of an armour 
plate, sample taken across Unheated - oud te ? ? 24.3 48 5.9 Do. 
0. 0. Hardened in water ... ies bud 25.4 3.0 4.0 Do. 

Lesjéfors Hearth-refined iron, rolled... «| Unheated «+-|0,06-0.08} 0.02 32.9 21.2t| 70.2 Styffe} Average of two tests. 
Do. Do. do. an ..|Heated to redness, and slowly cooled in hot small charcoal one ae sd 81.5 24.0*| 66.2 Do. Average of two tests. 
Do, Do. do. asd Do. hardened in water ... a pe see aad 44.3 8.0*| 63.8 Do. Average of three tests. 

Halsthammar Do, do. ose -.-|Onheated eco 0.07 ? 35.8 16.7¢| 56 Do. 
Do. Do. do. es . | Heated to redness, and slowly cooled in hot small charecal ad si 33.4 ? 74 Do, 
Do. Do. do. ees Do. hardened in water coe eee 35.6 ? 58 Do. 
Aryd Do. do. ..-| Unheated oe «| 0.07 026 42.1 7.1¢| 164 Do. Average of five tests, 
Do. Do. do. +, **+|Heated to redness and hardened ‘in water eos oo see ooo 47.1 17.5*| 27.9 Do. Average of three tests 
Hégbo Bessemer Iron, hammered...” ...|Unheated _.. ..| 0.83 | 0.02 50.2 6.0t| 62.4 Do, Average of two tests 
Do. Do. do. :..] Heated to redness, and slowly cooled in hot small chareoal a ae 36.0 | 19.0") 72.8 Do, 
Do. Do. do. on Do. hardened in water a ont eee 56.2 13.0*| 57.6 Do. 
Do. Bessemer steel, hammered ., ...| Unheated ‘ 0.68 | 0,02 71.2 3.7+| 348 Do. 
Do. Do. Ge. «a. ...| Heated to redness and hardened in water, end d afterwards heated 
to 250 deg. CO. for half an hour .. ose oss 72.5 1.6* | 205 Do. Average of two tests. 
Do. Do. do. -».| Unheated 1.05 | 0.02 72.4 3.4t | 43.9 Do. Average of two tests. 
Do. Do. do. -.| Heated to redness, and hardened in oil... eee vee 101.7 0.0* 0 Do. 
Do. Do. do. aon do, water les oad 28.9 0.0* 0 Do. 
Do. Do, do. pes Unheated owe ose 1.14 0.02 89.0 2.9f | 40.7 Do. Average of two teats. 
Do. Do. do. oe pa jon a aa 1.35 0.02 74.6 24+ | 146 Do. Average of two tests. 
Wikmanshyttan /|Uchatius steel, rolled ws Da 0.69 0.01 72.8 11.3¢ | 87.7 Do. 
Do. Do. do, od Heated to redness and hardened ‘in waier, and afterwards heated 
. to 250 deg. C. for half an hour ., pes an ai 76.6 3.0%) 44.9 Do, 
Do. Do do. ...| Heated to redness, and hardened in oil .. 4 ae oe 96.1 2.0%; 0.4 Do. 
Do. Do. do. ...|Unheated 0.78 | 0.01 83.4 | 10.8t} 28.0 Do. 
Do. Do. do. --| Heated to redness, and cooled slowly in hot small charcoal. os ooo 68,1 ? 36.0 Do. 
Do. Do. do. Do. hardened in — and — heated 
to 250 deg. C. for halfanhour ... eas mm ‘“ 63.2 o* 0 Do. 
Do. Do. do. .-.| Heated to redness and hardened in oil . ° oe 208 118.4 ? 9.0 Do. 
Do. Do. do. , --| Unheated Ps 1.16 0.01 98.3 4.6t| 12,4 Do. 
Do. Do. do. on -.|Heated to brownness, and hardened in water, and afterwards 
heated to 250 d “os for half an  ~ cig ove eee 92.5 6.0*| 23.0 Do. 
Do. Do do. do. soo 100.6 ? 13.0 Do. 
Do. Do. do. ‘ .. | Heated to full ostnans, and hardened 1 inoil ... ‘nia one - aa sal 38.6 oF 0 Do. 
Do. Do. do. ° .-.| Unheated eo} 1.22 0.01 101.7 4.5t 48 Do. 
Do. Do. do. i --| Heated to redness, and slowly cooled inhot small chareoal oe ioe ois 65.5 ? 45.0 Do. 
Do. Do. do. eet eee Do. hardened in oil... és on ose 137.0 1,1*| 26.0 Do. 
Do. Do. do. +: ee | Heated to full setae, and teen in oil So ons ws 71.2 o* 0 Do. 
Do. Do. do, ose -+-| Unheated jon a9 ods | 1,56 | 0.01 85.3 2.5t 2.0 Do. 
Krupp at Essen, /|Crucible steel, hammered ,,, ooo Do. he 0.62 0,02 60.1 6.4¢| 54.0 Do. 
Do. Do do. *. sus] Heated to redness, and hardened ‘in oil... - oe 108.0 ? 2.5 Do. Average of two tests. 
Do. Do. do, 5 be water, and afterwards heated 
to 250 on C., for half an hour ae as we 85.9 o* 7.0 Do. 
Jowitt at Sheffield |Crucible steel, “ chisel steel,” +. | Strongly heated, and slowly cooled in ashes a ae ama seid ? ? 85.6 12.9 7.0 Kirkaldy§ 
Do. Do. do. ese 2a Do. hardened in oil ... . ae ¥ " 1514 3.5 3.3 Do. 
= Do. =. - do. water oa “6 63.3 0 0 ~~ 
0. 0. 0. . do. do. and tempered to ellow .. oo ee 71.0 0 0 0. 
Do. Do. do. ail Do. ~ do. do. ph blue “a fod 73.7 0 0.7 Do. 
Do. Do. do. one Do. do. do, _fullblue . one se 78.8 0 0.7 Do, 
Do. Do. do. ..-| Moderately heated, and } cooled ... pia ee, eee we 83.8 | 94) 7.7 Do. 
Do. Do. do, ooo Do. hardened in coai-tar.. < bie 117.4 6.4 6.0 Do. 
Do. Do. do. oss Do. do. oil ‘, om ose 130.1 8.5 2.7 Do, 
Do. Do do. ...|Slightly heated, and slowly cooled oa ‘ 88.6 | 16.5 | 10.0 Do 
Do. Do. do. a Do. hardened in coal-tar *.. ee ae ee ae 998 | 13.1 8.7 Do. 
Do. Do, do. Do. do. oil . ri ea ie 114.7 6.8 5.0 Do, 
* The elongation near the place of fracture is not included in this. + The elongation calculated on a length of 5 ft, t Jernkontorets Annaler, 1866, 


Results of an experimental inquiry into the tensile strength of 


case of the weld iron, loose or open in its texture, than in 
that of the dense or compact ingot iron; but in proportion 
as the former even is denser or freer of cinder, hardening 
has a greater effect upon it, as is shown by a comparison 
both of the more compact Lesjéfors i iron with the other sorts 
of iron refined in the open hearth, and of the more compact 
Surahammar with the other sorts of puddled iron, all in 
Table I. In order to augment considerably the strength of 
ordinary puddled iron, the French iron manufacturing 
company, La Compagnie de l’Horme, increases the harden- 
ing power of water by adding to it sulphuric acid. The 
cooling effect of water is thereby raised, and thus also its 
hardening power ; but in order to revent the corrosion and 
rusting of the iron, it would be advisable to endeavour to 
attain the same result in some other way, as by the addition 
of some salt that would have less corrosive action upon the 
iron. The following little Table shows the mean results of 














‘* Fer Fin.”’ 
Hardened in Dilute 
Ushardened. Sulphuric Acid. 
Breaking Elongation Breaking Elongation 
Weight. per Cent. Weight. per Cent. 
kilo. per sq. kilo. per sq. 
mm. - mm. 
37.7 23.8 48.2 14.8 








The ductility, so far as it is indicated by the elongation 
and contraction of the area of fracture, 1s indeed generally 





* Paper taken as read at the Liverpool meeting of the 
Tron and Steel Institute. , 








* Les Métaux a |’Exposition Universelle de 1878, par. H. 
Lebasteur, p. 98. 





wrought iron and steel. 


regard to the ratio of the limit of elastic strength to the 
breaking weight. For the smaller this ratio is, the greater 
force beyond the limit of elasticity, can the substance resist 
without fracture, and the tougher accordingly it is. To 
this ratio more attention ought doubtless to be given than 
is peer | the case, the rather because it is possible to 
get v erent values for the limit of elasticity of a cer- 
fain = ae according to the different ways in which 
By Sp-atay uh tts teeta oa teh shag, cael owe ied 

80 7 out the tests so ey 8 give a hi 
reg of elasticity, the ter, and therefore the more dis 
advan for the uetility, does the ratio of the limit 
of elasticity to the breaking weight me ; and for those 
who lay sufficient weight on this point, there is thus a self- 
acting retribution if, in order to able to boast of a high 

limit of elasticity, it is determined in some unfair way, as 

is sometimes the case. 

In this connexion there is also perhaps reason to point 


* See Jernkontorets Annaler, 1871, p. 236. 
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out another too common im iety in breaking tests, 
viz., the different ways in which breaking elongation is 


estimated. This el tion is of course greatest in the 
neighbourhood of the piace of fracture, where the sectional 
area is most diminished. 


The most Pascenoes method, 
therefore, is to exclude the whole of the elongation in the 
neighbourhood of the place of fracture, as Herr Styffe has 
done (see Table I.) in the case of the hardened samples, 
and limit attention wholly to the much smaller percentage 
of tion which the other of the bar have under- 
gone. In this way there are of course obtained very small 
percentages of elongation, which cannot be compared with 
those found when the elongation at the place of fracture is in- 
cluded in the calculation. On the other hand, the advantage 
is —_ by the first described method that we are somewhat 
independent of the length of the test bar, which by the 
other method is by no means the case. For it is certain 
that the longer the test bar is, the less influence will the 
elongation at the place of fracture have in the calculation 
of the whole percentage of elongation. The shorter the 
test bar is on which the greater e tion at the place of 
fracture is divided, the more considerable on the other 
hand does its influence become, and thus the greater or 
more advantageous does the percentage of elongation 
appear. It ought, therefore, when, as is commonly the 
case, the elongation at the place of fracture is included in 
the calculation, never to be left unstated on what length 
of test bar the elongation percentage is reckoned ; but the 
sectional area of the bur ought besides to be included in 
the calculation, for the larger it is, the greater is the elon- 
gation of a certain iron in the neighbourhood of the place 
of fracture.* 

In order to be able to boast on paper of a 
comparatively great percentage of elonga- 
tion, it is only necessary to carry out break- 
ing tests on short and thick bars, and such 
tricks are, in consequence of the too common 
ignorance of purchasers of iron, unfortu- 
nately notatall uncommon. However, there 
is some help to be had even in this respect 
by giving proper attention to the ratio of the 
limit of elasticity to the breaking weight. 
For if this ratio be large, while the length 
and sectional area of the test bar are not 
stated, we have reason to suppose when the breaking 
elongation praiemoses bes been stated to be com- 

ratively large, that it been determined in a too 
eousal ie manner, and that the ductility of the material 
is, therefore, in fact not so great as would appear from the 
percentage of elongation alone. It is clear from this that 
a closer correspondence in the dimensions of test bars is 
very desirable, but so long as great variations occur in 
them, the greatest caution, as has been already observed, 
must be used in comparing statements from different test- 
ing establishments, which is also to be observed in making 
comparisons between the Tables given with this paper. 

If we now inquire what influence the hardening bas upon 
the oft-mentioned ratio of the limit of elasticity to the 
breaking weight, we find in Table II. that the comparatively 

ure ingot iron has by hardening become much tougher, 
or although the limit of elasticity has been thereby in- 
creased on the average of 30 tests of 15 different sorts of 
Bessemer iron from 20.8 to 25.7 kilogrammes per square 
millimetre, the breaking weight has increased in a still 
greater d , the consequence of which is that the ratio 
of the limit of elasticity to the breaking weight of these 
pure sorts of Ressemer iron has been diminished by the 
hardening on-an average from 0.502 to 0.398. So great an 
increase of toughness by hardening, however, is by no 
means everywhere common, but is perhaps mainly depen- 
dent on the purity of these Swedish varieties of iron being 
greater than is common in other countries. On the con- 
trary, the ratio of the limit of elasticity to the breaking 
weight appears to be in general somewhat increased by 
hardening. This is the case among others with the tests 
iven in Table III. of drawn Martin metal, excepting, 
Sowerer, the most phosphoriferous, whose toughness was 
increased by hardening, while the ratio of their limit of 
elasticity to the breaking weight was diminished from 0.627 
to 0.559 


o 0.559. 
The last-mentioned fact yields a further proof both of a 
epecial beneficial influence that the hardening has on the 
phosphoriferous iron, to the probable causes of which we 
shall return below, and of the importance of giving proper 
attention to the ratio of the limit of elasticity to the break- 
ing strain, for in the unhardened metal the three most 
few ay mem samples in the Table referred to show the 
1ighest figures for the oft-mentioned ratio, but at the same 
time these are the only ones in which it is diminished by 
hardening. The other corresponding figures in this Table 
have, on the contrary, been increased. In other words, 
the toughness of the more phosphoriferous, like that of the 
ee = iron, as shown in Table II., has been increased by 
ardening, but the toughness of the others, and especially 
of the steel, has been diminished by the same process. This 
diminution in toughness is, however, not very noteworthy 
in the case of the iron, the rather because it depends more 
on a special raising of the limit of elasticity, than on any de- 
ficiency in the increase of the ultimate teisile strength, and 
the strength of these sorts of iron may nevertheless be said 
to have been considerably increased by the hardening. 

Table III. further confirms the long-known fact that a 
large content of manganese is apt to make the steel go in 
pieces in hardening. 

Hitherto we have only considered the influence of harden- 
ing upon iron, but if we now proceed to investigate its 
action on steel, we find that it is shown chiefly by an in- 
crease in its hardness and a diminution in its ductility 
greater in the same proportion as the steel is richer in 
carbon and the hardening fluid employed is more powerful 




















* See Jernkontorets Annaler, 1873, p. 471. 
































LECHNER’S COAL-CUTTING MACHINE. 
(For Description, see opposite Page.) 


> Ul 


Cor 





At the same time that steel with an increased 
contents of carbon, becomes through a certain hardening all 
the harder, it becomes thus at the same time more brittle ; 
and in the closest connexion with this is the fact, that in 
the hard steel rich in carbon the limit of elasticity is in- 
creased by hardening much more than the ultimate tensile 
strength, so that these in the strongly hardened hard steel 


in its action. 


even coincide. Provided the method of hardening is ad- 
justed to the degree of hardness of the steel, so that it is 
less powerful in the same proportion as the content of 
carbon in the steel is greater, it may, however, be asserted 
that the breaking weight is increased by hardening, even in 
the case of steel ; but if the hardening be too strong, the 
ultimate tensile strength of hard steel is thereby diminished 
quite rapidly, as Table I. clearly shows; or the steel 


| breaks in pieces of itself either during the hardening or a 


short while after, as is seen in Table IIT. 

It is, as is well known, on account of this brittleness or 
deficient ductility that the hardened steel is usually tempered 
or heated to 200 deg. or 300 deg. C., for thereby its 
ductility is somewhat increased, but its hardness at the 
same time also diminished. This is the case most of all 
with the outer layer, which of course is that which it is 
desired should be hardest, and to avoid this and the trouble 
and loss of time connected with the process just mentioned, 
the hardening itself is sometimes instead so modified that 
its effect is equal to that of a more powerful hardening, 
followed by tempering. For such a method, however, 
more than common skill and practice are required, and it 
is therefore comparatively seldom used. For attaining this 
end there is sometimes used a less powerful hardening 
fluid, and sometimes a warm instead of a cold fluid, and 
sometimes the piece is held only ashort time in the harden- 








ing* fluid, ‘and is taken out while it is yet warm in its i®- 
terior, and allowed finally to cool in the air. Further, 
the material may, for this purpose, be heated more gently, 
but it must be kept in mind in connexion with this that a 
less heat than a gentle red heat (cherry red) in general 
does not induce any proper hardening ; and, on the other 
hand, that tool steel cannot in most cases be heated to a 
higher temperature than that just indicated without run- 
ning the risk of becoming by hardening quite too brittle. 
It is thus properly only for soft steel and iron that the 
de of heating can be varied to a ter extent, but it 
holds good specially for the latter, and, above all, for weld 
iron, that the temperature must be considerably higher 
than for hard steel, if the proper action of hardening is to 
be attained. 

The more strongly and the longer that the iron or steel 
after ening is again heated with slow cooling superven- 
ing, the more completely are the effects of ening re- 
moved ; and care ought, therefore, as is well known, to be 
taken in comparing 3 but here we have, however, a good 
help in the different colours of tempering which follow one 
after the other. 

On the appearance of fracture also the hardening has an 
influence, the grain becoming finer. 


(To be continued.) 








FUEL ON AUSTRALIAN RarLways.—In the year ending 
June 30 last the quantity of coal consumed on the South 
Australian railways, was in round figures 13,000 tons, 
which cost 20,0001. In New South Wales the cost would 
not have been more than half this sum. 














Jan. 23, 1880.] 


ENGINEERING. 





79 








THE HARDENING OF STEEL. 


TABLE II.—AVERAGES OF BREAKING TESTS OF INGOT IRON PLATES CARRIED OUT BY C. A. DELLVIK AT THE SWEDISH IRON BOARD'S 
MILLIMETRE} 


TESTING INSTITUTE, ON STRIPS OF 70 BY 9 


S’ SECTION AND 200 MILLIMETRES IN LENGTH. 



















































































































































































THE PLATES’ CoNTENTS OF UNHEATED. HEATED TO REDNESS. HARDENED IN WATER. 
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é/8ei1é@1é SMEIERS GA] Ss | se Eke 8 GalE an | ss | ge £R</8 B\ERS| BA) 85 | se gad 
Average of ten tests of plates from five 0.1 | 0.017} 0.028) trace | 0.151 
different Bessemer ingots from Motala | to to to to to 
(Bangbro) . ose eee pen wee 0.3 | 0.029| 0,031} 0 01.| 0,267] 21.5 | 42.6 | 26.9 | 50.1 | 0.506) 85.4 | 18.4 | 38.2 | 31.6 | 54.7 | 0.482) 84.3 | 24.3 | 63.5 | 15.7 | 33.3 | 0.883) 95.2 
Average of ten tests of plates from five 0.1 | 0.016} 0.016} 0.02 | 0.094 
different Bessemer ingots from ieee} to to to to to 
sund ... oe ove ase ese oeed 0.3 | 0,037] 0.024] 0.025] 0.360] 22.8 | 43.8 | 27.4 | 50.9 | 0.512] 89.2 | 19.8 | 41.7 | 29.9 | 53.3 | 0.475| 89.3 | 26,0 | 64.8 | 148 | 33.3 | 0,403] 97.2 
Average of ten tests of plates from five 0.05 | 0.006} 0.020) 0. 0.050 
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holm ,,, eee ose eco ooo eee 0.18 | 0.018] 0.028} trace | 0.122] 18.5 | 37.7 | 80.6 | 57.0 | 0.491| 87.7. | 17.7 | 87.0 | 82.2 | 583 | 0,478) 88,7 | 26.7 | 65.1 | 148 | 38.1 | 0.411 | 105.2 
Average of all the Bessemer plates eee ene 20.8 | 41.4 | 283 | 52.7 | 0,502) 87.5 | 18.6 | 39.0 | 31.2 | 55.4 | 0.477| 87.4 | 25.7 | 64.5 "149 34.9 | 0.398; 99.2 
Average of two tests of plates from 0.14} 0.021} 0.011 0.086 
different Martin ingots from vade- | to to to | 0 to 
holm ... eee oun ées one seo 0.23 | 0.042} 0.015 0.101 | 13.1 | 36.0 | 36.7 | 57.4 | 0.364) 84.5 | 14,3 | 34.8 | 33.0 | 61.2 | 0.411/ 89.7 | 19.4 | 53.4 | 18,0 | 42.7 | 0.363/ 93.2 
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TABLE III.—BREAKING TESTS OF MARTIN METAL CARRIED OUT AT TERRENOIRE ON ROUND RODS 20 MILLIMETRES IN DIAMETER 
AND 200 MILLIMETRES IN LENGTH. 
THE RODS’ CONTENTS OF UNHARDENED, HARDENED IN OIL. HARDENED IN WATER. 
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Martin Castings : Hardened in oil and afterwards re-heated, 
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LECHNER’S COAL-CUTTING MACHINE. 


Tue coal-cutting machine which we illustrate on the 
a page has been designed by Mr. F. C. Lechner, of 
Columbus, Ohio, U.S.A., and is being introduced into this 
country by Messrs. Frank Wheeler and Co., of 10, Great 
St. Helens, London. It will be seen from the engravin 
that the machine consists of two frames, the inner one 
sliding within the outer one J. On the frame | are 
arranged the engines and gear; the engines AA revolve 
the shaft B, geared by means of the pinion C to the shaft 
D, which drives the countershaft F by means of the two 
chains E E working over sprocket wheels. From this 
shaft F the cutter bar H is revolved by two similar chains 
G G also working over sprocket wheels. This cutter bar 
H is of steel and formed so as to receive steel bits or 
cutters, so arranged as to clear each other. Cutters are 
also placed in the sprocket wheels themselves for the 
purpose of cutting a clearance for thechains. The loose 
side chains M M are simply to carry the dust and small 
coal made by the cutter bar out behind the machine. The 
frame I carrying the gear is fed forward under the coal by 
means of the feed screw K and the coned nut L. To pull 
the machine out after the cut has been made, the wheel N 
is thrown into gear, which winds a rope attached to the 
end of frame J and passing round a pulley on the frame I 
around shaft O. Another and simpler means of bringing 
the frame I back is to attach a latch on the bracket P and 
simply throw the bolt into one of the links of the driving 
— allowing the engines to run in the same direction as 
usual, ° 


The total length of the machine when ready for work is 
7ft. Gin. by 3ft. wide 2 ft. 3in. high ; it will make a 
cut in a vein of coal 4in. high by 6 ft. deep and 3 ft. wide 
in about eight minutes, the engines making about 250 
revolutions per minute with a pressure of air of from 40 lb. 
. wd lb. The cylinders are 5} in. in diameter and 5 in. 
stroke. 

The advantages claimed for this machine over others of 
its class are, its small weight, which is only 7501b. ; that it 
can be handled readily by two men; that it requires no 
track ; and that it can be used to drive an entry, be worked 
in pockets, or on the longwall system with equal facility. 
In operation it completely undercuts the coal, taking if 
nece only 2in. off the extreme bottom of the vein and 
2in. of fireclay, thus saving a large amount of the best 
coal, wasted by using hand-labour. 

These machines have been at work for more than two 
years in the mines of the Central Ohio Mining Company, 
at Straitsville, Ohio, U.S.A., and have been much 9 ye 
of. The inventor claims that he effects a saving o bad pod 
cent. in working, and experiments have been condu to 
prove that in two shifts of ten hours each, they have a 
produciag capacity of 640 tons of coal, working in an8 ft. 
vein, ata cost of 110 dols. ; the sume amount mined by 
hand costing 320 dols., 50 cents per ton being the price 
paid at the time of the experiments to the miners working 
under similar circumstances. 
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turned out are 


JAPANESE NAIts.—A nail manu 
by a native of Osaka, Japan. The sam 
said to be equal to the imported article, 








FOREIGN AND COLONIAL NOTES. 

Canadian Pacific Railway.—Contracts for the con- 
struction of the British Columbia section of the Canadian 
Pacific Railway have been awarded as follows: Section 1. 
from Emery’s Bar to Boston Bar, Messrs. Duncan 
McDonald and Co., 2,727,300 dols.; Section 2, from 
Boston Bar to Lytton, Messrs. Purcell, Ryan, Goodwin, 
Smith, 2,573,640 dols. ; Section 3, from Lytton to Junction 
Flat, Messrs. Duncan McDonald and Co., 2,056,950 dols. ; 
Section 4, from Junction Flat to Savonna’s Ferry, Messrs. 
T. and M. Kay h, of Ottawa, 1,809,150 dols. The 
te amount of the four contracts thus let will be seen 

to 167,040 dols. 


Milan and Pavia sromiay.-~ &. steam tramway 
between Milan and Pavia will be opened in March. 
All the fixed and rolling stock for this tramway was sup- 
plied by Belgian unde ings. Thus the rails were sup- 
plied by the Angleur Steel and Iron Works, and the 


accessories by the Belgian Metallurgical Com » which 
also furnished the rolling stock—12 engines, aaat, 
and 10 trucks. 

Unprofitable Australian Railways.—Mr. T. Higin- 
botham, C.E., ce seg A the South Acctedion 
Government railways, o es: ‘* With to the 
general management of the railways, it w be quite 
unjustifiable to conclude that because they are at nt 


unproductive, they are, therefore, mismanaged. 
ways are —— and disjointed ; and the percen sg 
e recei is, therefore, necessarth very high. 
When ‘the pie nak are made between Hamley Brid 
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and Balaklava and between Teroure and Quorn (with the 
branch ocamemows), the system will assume shape and 
consistency. I have no doubt that the gross receipts will 
then be increased, and that the percentage of working 
expenses will be reduced 

An Indiana Steam Se —The New Albany Steam 
Forge, of New Albany, Indiana, was organised in 1869 
with but one hammer, and since that time the managers 
have been obliged to i their city by the erection 
of four additional — ay om making five in The works 
are at present running and night. The shipments of 
car axles from this es hment during 1879 comprised 
20,000, besides steamboat and other shaftings, crank-pins, 

iston rods, and all kinds of poor om steel ingots. 
These works have lately purchased tons of scrap iron 
in England, and arrangements have been made for further 


shipments. 
0, tain —-* 
Giaate Belonn Minié, the inventor of many im- 


Death 
Paris, =< _ S et 
iugdeveneie i in firearms. rn in Paris abou 
toss as soon as he was old enough, M. Minié enlisted in 
pn ay I ge 
mo’ a captaincy o 

chasseurs, he devoted himself to inventing improvements 





—The death is announced at 


which would perfect the infantry service. Fuyoured with 
the protection of the Duke of Montpensier, he was 
able to secure the adoption of various a which 


affected the shape and make of balls, cartri . u- 
barrels. He was decorated in 1849, and in 1 rg ief 
poi ppm mg Sy ms . Minié refused to go to Russia 
and apply his inventions et although offered still 
further promotion. He was longin charge of the shooting 
at the Normal seheal a at Vincennes, and contri- 

ated largely to the perfection of portable arms. In 1858 
he was invited by the Pasha of t to go 


— the manufacture of arms and a odeel of shooting 
ere. 

Railways in Natal.—The mi estimated cost of 
—- Natal railways was abou per mile. As far 


at present, the lines have actually cost 
i3, 0001. per mile. There are 92 miles in course of completion, 
and a survey has been made to Ladysmith, an extension of 
118 miles. Considering the nature of the ground traversed 
13,0001, per mile cannot be said to have been a high 
average cost. 
Great Northern Teweh ¢ Company.—This compan 
transmitted last year 866,101 telegrams, as compared wi 


982 telegrams in 1878. The arenas acquired by the 
, last year was 207,750l., as com 
. The receipts thus 
extent of 42371. 


last year to the 





The Austro-Hungarian Iron Trade.—In both the pig 
and finished iron branches of the Austro-Hungarian iron 
trade business has taken a decidedly satisfactory turn. 
At the various works a greater ses of firmness in regard 
to prices is not so much noticed as an indisposition to 
contract for any considerable time ahead, manufacturers 
preferring to work on the prices of the day rather than to 
run the risk of repeating former losses by speculative oper- 
ations. 


Canadian Railways.—It is stated that an application is 
intended to be made on the Ontario Legislature for owers 
to incorporate a new company, with the title of ‘‘The 
nanan Falls Company,’ with the one. of laying a rail- 

way track along the water’s edge of the Niagara river from 
the Horseshoe Falls to the vilege of Queenstown. The 
Western Counties Railway Company gives notice that it 
will be compelled to close its line between Yarmouth and 
Digby, Nova Scotia, as from Jan 1, owing to the 
Dominion Government taking from it the Windsor branch 
a = Wg from Windsor junction, 12 miles from Halifax, 

indsor 








Soctztry or Arts.—The section of the Society of Arts 
formed in 1874, for the discussion of subjects conn 
with Practical "Chemistry and its application to the Arts 
and Manufactures, has been this year e in" its scope 
that it may include application of Physics as well as of 


Chemistry. At the six mane of the present year the 
following papers will be read :—January 22, “‘The Teach- 
ing of Technical Physics,’’ by John Perry, late Professor 


of Engineering, Japan; February 12, ‘* Furnaces and 
Kilns for Burnin Potte _ “4 Herbert Guthrie, C.E. ; 
March 11, ‘* The Noxious Gases Bill,’’ by E. K. Muspratt, 
F.C.S. ; April 8, ‘‘On Recent Improvements in Benzine 
Colours,” y F. J. Friswell, F.C.S. ; April 22, ore = 
Recent Advances in the Science of Geta B 
tain Abney, R.E., F.R.S.; May — * some P 
——- of Light, % by Prof. G. Adams, BS 
e meetings are on Thursday by at 8 0 *clock, and 
the days have been selected so that they do {not clash with 
ose on which the meetings of the Chemical Society are 
eld. 





Tue InstTiTuTION oF CrviL Enornerrs.—At the 
meeting of Tuesday, the 13th inst., Mr. W. H. Barlow, 
F.R.S., President, in the chair, it was announced that the 
Council had recently transferred Messrs. Charles John 
Albrecht, Crawford Peter Barlow, B.A., John Flemin; 
Churchill, Edward Jackson, Charles Prime, James Samu 





Statter, ‘Rienzi Giesman Walton, and James H 
Whittle, to the class of Members; and had admit 





Messrs. Gilbert Hamilton Ainslie, Henry Archbald, Jun., 
Andrew George Ashcroft, Sisley George Batten, ’ Edwin 
James Beal, Hen: Ogie Bell Irving, Pe: Benham 
William Brereton stic, Francis Trevor Bi , Reginald 
Blunt, Joseph Slanbrough Boyer, George Cecil Herbert 
Brown, Charles Brownridge, Lindsay Burnet, Leonard 
Burrell, Oliver Robert Hawke Bury, Arthur Dodwell 
Chapman, James Bernarde Chirnside, Charles Cole, 
Charles John Plambe Coombs, Thomas Dunlop, George 
Holland Erskine, Henry John Eunson, William Albert 


Fenton, Charles Hilton Hingeston, Jun., Frank Geere 
Howard, Isoji et Ernest Ive, Harry Herbert Lake, 
Herbert John Lan on, Hubert Lawrence, George Harry 


Le Maistre, Edwin James Lovegrove, William Houlds. 
worth McConnel, John Richard MacGachen, Ernest de 
Mérindol Malan, Frederick William Maunsell, John 
Henry Medlicott, "Arthur Meyrick Moore, George Morisen, 
Jun., Keith William Murray, Cuthbert James O’Brien, 
Thomas William Potter, Thomas}Theophilus Prentice, Louis 
Napoleon Bic Richard, John Lam , William Fleet 
ee, Henry Fillmer Rutter, bert Julian Scott 
Smith, James Campbell Smith, Alfred 
Wolryche Stansfeld, Edmund Paley Stephenson, John 
Swainson, Theodore Martin Teed, Arthur Timmins, 
Bed >. Emil von Lengerke, Arthur Stuart Vowell, 
George Kindersley W: William Watson, B.A., Henry 
pon White, Henry all Wilkinson, Clande St. Maur 
Williams, Gilbert meen, | amen Row Rice Williams, 
and Frederick James Wilson, as Students. The monthly 
ballot resulted in the election of twenty-three candidates, 
of whom six were Members, viz., Messrs. Henry Robert 
Pasley Carter, Deputy Chief Engineer of the Madras Rail- 
wai Thomas Claxton Fidler, Westminster; Cltarles 
eill, Wellington, N.Z.; Theophilus Seyrig, Paris ; 
Herbert WalHis, Loco. Supt., Grand Trunk Railwa - 
Canada; and Thomas Parker Watson, M.A., Chief 
dent Engineer, Cape Government ~~ C. G.H. : ; se 
teen were Associate Members, viz., Messrs. William Crick- 
may, Caterham ; Godfrey Dar! shire, Stud. Inst. C.E., 
Lincoln ; Alexander Downie, olsingham, ham ; 
Joseph Francis, New. River Company; Lionel Philip 
Payne yon oe District eer, P.W.D., 
George Abraham Goodwin, Westminster ; John Horan, 
B.E., wee Harbour Works, Wexford ; Hugh Giffen 
McKinney, Melbourne ; Adam Primrose, w; Henry 
De Quince; Sewell, St. Pancras ; John id, West- 
minster ; d’ Foster Ward, Coble Dene Dock Works, 
North Shi illiam 


: Henry Woolcock, St. Tew and W 
Barton Worthington, B.Sc., Stud. t. C. E., L. and N. 
W. Railway, Manchester ; ns Teen Seine 
Messrs. William Martin Cuningham, St. Petersburg ; 
Joseph Montague Livesey, Stourton Hall, Horncastle ; and 
William Hampson Topham, Melbourne. 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

TueE Institution of Mechanical Engineers held its 
thirty-third annual meeting on the 22nd instant, 
with a very good attendance of members and visi- 
tors, the meeting taking place at the Institution of 
Civil Engineers. The report was read and adopted, 
the President moving in connexion with it a special 
vote of thanks to the Research Committees and their 
reporters (Messrs. W. C, Unwin, W. Anderson, and 
Alex. B. W. Kennedy), whose first reports have 
now been printed and placed in the hands of mem- 
bers. The announcement of the results of the vot- 
ing was then made, the name of the new President, 
Mr. E. A. Cowper, being very cordially received. 
The new vice-president is Mr. Jeremiah Head, Mr. 
Westmacott being re-elected to that office. The 
new councillors are Messrs. D. Adamson, J. Haw- 
thorn Kitson, R. Price Williams, and Joseph Tom- 
linson, Jun., Messrs. Menelaus and Edward Easton 
being re-elected. In addition to these gentlemen, 
the Council for this year consists of Messrs. William 
Anderson, Henry Chapman, T. R. Crampton, D. 
Greig, Hetherington, Arthur Paget, John Penn, G. 
B. Rennie, and William Richardson. Mr. John 
Robinson then resigned his chair to Mr. Cowper, 
and Mr. Paget, in a few genial sentences, proposed 
a vote of thanks to the retiring President, in ac- 
knowledging which Mr. Robinson expressed his 
gratification that it had fallen to his lot to be Presi- 
dent when so much good and important work had 
been done by the Institution, alluding especially to 
its incorporation under the Joint Stock Companies 
Act, and to the establishment of the Research Com- 
mittees. 

The new President then delivered his inaugural 
address, which we published last week in full, The 
last paragraphs of it, in which Mr. Cowper urges the 
importance of more full co-operation and mutual 
interchange of knowledge between the engineer 
or machine-maker and the manufacturer or ma- 
chine-user, deserve to be underlined; we hope 
they may not be without influence upon future 
programmes of the Institution meetings. The formal 
amendments to the bye-laws proposed by the 
President having been agreed to nem. con., some dis- 
cussion arose upon two somewhat remarkable 
motions of which Mr. Cowling Welch had given 
notice at Manchester in the autumn. By one of 
these it was proposed that any member who applied 
for it should receive a printed copy of each paper 
to be read at a meeting, with its illustrations, a 
fortnight before the meeting, and by the other that 
any member might at any meeting re-open the dis- 
cussion on any subject which had been discussed at 
a former meeting! The mover of these remarkably 
ill-considered proposals did not make his ap- 
pearance, either personally or by deputy, and so 
for the sake of discussion they were moved by mem- 
bers of the Council, who did not, however, intend 
to vote for them. Mr. Robinson then proposed an 
amendment upon the first resolution to the effect 
that papers should be sent to members beforehand 
where it was possible to do so and where application 
had been previously made. Both Mr. Adamson, Mr, 
Tweddell, and Mr. Hulse strongly opposed ‘ tinker- 
ing” at the bye-laws merely because a member had 
chosen to make an objectionable motion of this kind, 
but on Mr. Cowper's explaining that the amend- 
ment merely legalised a practice which had already 
been in existence for some time, it was eventually 
carried. Mr. Robinson then proposed an amend- 
ment on the second resolution giving the Council 
power to continue a discussion at the next meeting 
to the one at which it had been begun if they received 
an application to do this a month beforehand, the 
notice paper of the meeting having the renewed dis- 
cussion put down as a part of its programme, ‘This 
also was carried, although it must be confessed that 
as the Institution seems at every meeting to have 
more papers on its list than it can get through, it is 
hard to see where any time for renewed discussion 
is to come from. 


TRAMWAY LOCOMOTIVES, 

Mr, B. C. Browne’s paper on Mr. Charles 
Brown’s tramway locomotive, of which we commence 
the publication iz extenso on page 98 of the present 
number, was then read, as well as M. Francq’s 
reply to the former discussion on his own paper. 
This reply we publish on page 99 of the present 
number. At its close Mr. Browne said he regretted 


that the sources from which he had got the in- 
formation comprised in his various tables of costs 
had not been such as to allow him to arrange 





all of them in the same form. He had tho ight it 
best to put the information as exactly as possible 
in the form in which it was in the original docu- 
ments. Mr. Hughes, of Loughborough, then rose 
and said at once that he was far from agreeing with 
the author that this was one of the best tramway 
engines which had been designed, on the contrary, 
he thought it one of the worst. Using 220 lb. 
pressure in the public streets was a great mistake 
to begin with, in view of such eventualities as a 
burst tube. The boiler was neither novel nor 
satisfactory, the bend under the tubes was a ver 
weak point in it, and although it had a good dept 
of water over the firebox its tubes were too short to 
be economical. ‘Che object of this may have been 
to let the steam leave the chimney hot enough to 
be invisible, but then the condenser would frustrate 
this object. The condenser was not, however, of any 
use as a condenser, it would not condense one- 
twentieth of the steam used, an equal weight of water 
would be far more efficient. He quite agreed with 
M. Francq that many faults were thrown on to the 
dust and dirt that did not belong to them, and did 
not seem to think it worth while taking very special 
precaution to get rid of them in the working parts. 
He criticised also the fuel statistics in the table refer- 
ring to the Strasburg engines, pointing out that hours 
and days were both used as units without saying how 
many of the former went to one of the latter. He 
could hardly believe that 3} lb. of coke was all that 
was used per mile. He could see no necessity for 
the use of such small wheels, there was plenty of 
room for large wheels and larger cylinders, at by 
using these the double advantage might be gained 
that the piston speed could be reducedand the rocking 
beam might be done away with. The arrangement of 
crosshead also he did not like; he had seen the frames 
working ? in, slack in Paris, He then went on to 
describe in some detail, but without much apparent 
relevancy to the matter in hand, the unlooked for 
difficulty he had had in Paris with a number of en- 
gines he had sent over, after one of them had been 
worked successfully for some time. In avery few 
days eleven out of twelve engines were hors de 
combat, the tubes burst and boilers leaked in- 
cessantly, and in spite of all measures adopted to 
prevent it. He explainel that after a long time he 
had found it to occur from the use of Seine water 
combined with carelessness in putting oi/ into the 
suet trap for the boiler—this was the whole secret 
of the trouble. 

Mr. F. C. Winby, while he liked the engine as a 
whole, did not see any reason why ordinary valve 
gear should not meet its requirements,—he feared 
bad effects from the backlash of all these pins. He 
suggested the use of a surface condenser with air 
passed through it instead of water. Mr. Schén- 
heyder strongly objected to the sliding block in the 
piston rod. It worked under circumstances similar 
to those of an ordinary guide ; but while there we 
only allow 40 lb. per square inch, in this case the 
pressure came to about 500 1b. He also thought 
that the boiler would have to be extra strong in its 
plating to make up for obvious weakness of form. 

Mr. W. L. Holt drew attention to the figures in 
the Strasburg table, which showed a decreasing 
mileage for the four months with a greatly increas- 
ing consumption both of coke and'of coal. Apparently 
either the locomotive was ruining the road or there 
was something very far wrong with the engine itself. 
The average consumption of coke in Paris was about 
8 lb. per mile, and the authorities there would be 
glad to pay any one 7d. a mile to work the lines for 
them. So there was a splendid future open to 
men who could work the fuel down to 3} Ib. and 
the total cost to 5d. He thought, however, that 
on a traction or tramway engine it was a mistake, 
and even a dangerous mistake, to attempt to 
work with only one man. This had been already 
the cause of many accidents; a boy would do 
for the second hand, but some second hand there 
ought to be. The raising of the engine as Mr. 
Brown had done it, and as it had been previously 
done by others, was certainly a good feature. He 
regretted that details had not been given about the 
working of the engines in Paris, where the roads 
were, he thought, better than the average roads, 
cross-sleepers being laid under the longitudinals. 

Mr. R, E. Crompton failed to see why we should 
not use high pressure in tram engine boilers if we 
could. No doubt the form of Mr Brown’s boiler 
was not the strongest constructively, but probably 
its designer had provided against this by extra flang- 
ing and staying, &c. He did not know the amount 
of the condensing surface, but it appeared to be 


about 70 or 80 square feet only. Now Mr. Tomlinson 
had not condeused zearly all his steam with condens. 
ing surface larger than the heating surface, and Mr. 
Perkins had found, too, that the weight of an air 
condenser, if it was to be effective at all, was so 
great that he had to discontinue its use, He thought 
this particular condenser would do more harm in 
making the steam visible than good in condensin 
it. He preferred simply to superheat the steam, ont 
under all ordinary circumstances this was sufficient 
to make it invisible. Mr. Brown's boiler was nearl 
a vertical one—why not make it altogether so—it 
would get rid of many difficulties. Among other 
advantages too, it could cheapen the engine, which 
he supposed must now cost 700/. or 800/., while 
before such engines are permanently successful, their 
cost must be reduced to about 300/. 

Mr. Hird thought that the play of the axle-box 
would affect the working of the valve gear, an opinion 
which was afterwards controverted by Mr. Halpin. 
Mr. Larsen, who knew something of the working of 
these engines in Paris, said that the working parts 
were tco light for rough roads, but that on the 
whole he thought they were better engines than 
any others which had been devised for the same 

urpose. He also wished that the working expenses 
in Paris had been stated among the rest. 

Mr. T. R. Crampton said that the valve gear was 
all right so far as axle-box motion was concerned, 
and that although it was important to have piston- 
rod head surface ample and so forth, yet there was 
no real danger of the engine failing in any points of 
detail like these. The great difficulty lay in the 
road on which the engine has to run, not in the 
engine itself; there were many more difficulties 
about making a good tramroad than was com- 
monly thought. Certainly the essence of getting a 
good bearing on a bad road was ‘his old friend” 
the three-point system of adjustment, which Mr. 
Brown had wisely adopted. As to the saving of 
10 per cent, of fuel, if that was only to be got by 
doubling your steam pressure, ‘‘thank you for 
nothing!” The fuel only cost a 4d. out of 5d., and 
10 per cent. of the 4d, was not worth talking much 
about. No. doubt it was important to keep the 
machinery out of the dust, but he would prefer to 
do so without the top cylipder and beam if possible, 

ecially if the same t could be obtained by 
ging the wheel. y, he thoughtthat coned 
wheels should be altoge iven up, and parallel 
wheels only used. As to M. Francq’s system, if it 
were true that runs of 15 miles could be made, there 
was no doubt a future for it. 
_ Mr, Alley. quite  agr with Mr. Crampton’s 
remarks about the difficulties with’ bad roads, only 
he did not wish to see an’ engine made that would 
run on the bad roads, he would prefer that the roads 
should be improved up to the engine. On the Vale 
of. Clyde tramways they had worked for three years 
with only one man on each engine and without any 
accident whatever, either from priming or any other 
pe 





use, ' 
Mr. Daniel Adamson, alluding to the experience 
of Mr. Hughes in Paris, said that all water impreg- 
nated with lime gave great trouble when grease got 
intoit. The lime. had an immense affinity for the 
grease, the deposit formed by the combination 
on the.tubes would not evaporate, and all the usual 
consequences of overheating would occur, and in 
Mr. Hughes's case obviously had occurred. This is 
specially the case with brass tubes, on account of the 
lower temperature at which they are injured, but it 
is also the cause of much injury to iron and even to 
mild steel tubes. He was strongly of opinion that 
the type of boiler adopted by Mr. Brown was essen- 
tially untrustworthy—nothing would prevent leak- 
age if you havea variable pressure. He had known 
many boilers of the kind, and to be workable at all 
they must be heavily stayed. He could not agree that 
the beam offered any advantage to counterbalance 
its obvious disadvantages of additional weight and 
complexity. 

As tothe effect of grease in boilers, Mr. Peacock said 
that the Metropolitan Railway engines had been 
working fifteen or sixteen years without changing a 
firebox or a boiler, although they condense nearly all 
their steam, so that the boilers must be impregnated 
with grease. N6t only were they long lived, but 
exceptionally free from scale and dirt. Mr. Joseph 
Tomlinson, however, corrected this statement, not 
as to the life of the boilers, which was quite correct, 
but as to the grease in them. They only use } lb. 
of tallow for 100 miles per pair o k pomp and 
during that time the water is changed nine times; 





$b. of tallow to 3600 gallons of water is not likely 
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to do much harm; in reality there is little or no 
grease in the water. Some of his engines had run 
over 600,000 miles without renewal of firebox, 
After Mr. Cochrane had alluded to the effect of 
caustic potash in preventing pitting from acid water, 
and Mr. Cowper had said a few words corroborating 
Mr. Adamson’s view of the grease deposit question, 
Mr. Browne rose to reply. As to risk of explosion 
in the streets from high pressure, he thought it was 
just one of those matters in which one “ might as 
well be hanged for a sheep asa lamb.” The boiler 
was most carefully aes hy strongly stayed (the 
stays were not shown in the drawings), and manu- 
factured only from selected steel, and no more 
difficulty had been found in keeping it tight than 
with any ordinary locomotive boiler. An explosion 
of 100 Ib. steam would surely be just as bad as one 
of 200 1b. As to the condenser (which contained 
about 200 ft. surface), he thought it would condense 
about two-thirds of the steam used, but explained 
that it was only adopted because the Board of Trade 
required it, and he hoped that presently it might be 
ossible entirely to do away withit, At present, if 
it satisfied the Board of Trade he saw no reason 
why it should not satisfy engineers. As to the in- 
creased consumption shown in the table of cost of 
working at Strasburg, it was probably due to the cold 
weather, when the engines had sometimes had to 
fight their way through snow and so on, But last 
November, as he had said in his pom further on, 
they were only using 3 lb. of coal per kilometre at 
Strasburg. He did not see any difficulty in one man 
attending to the engine alone. As to the Paris 
engines, he was sorry he could not give particulars 
of working—the engines were made from Mr. Brown’s 
drawings, but not by him. From the number that 
had been bought, however, and the way in which 
orders had been repeated, it was apparent that at 
any rate they were a commercial success, Over 
80 of these engines have been made and set to work, 
so that there had been ample experience with them, 
Mr. Crompton’s estimate of cost was too high, but his 
wished for cost of 300/. was only about half what 
an engine could at present be made for, under all the 
existing restrictions and conditions. He added also 
that they now made the tyres of the wheels parallel 
instead of coned, At the conclusion of the above 
discussion the meeting was adjourned until the 
following day. 


PLATE Rotiuina MACHINERY. 


On Friday afternoon the first paper read was one 
by Mr. Edward Hutchinson, of Darlington, ‘On 
Improvements in Machinery for Rolling Iron or 
Steel Plates.” This paper, which we print in extensc 
on page 97 of the present number, dealt speciall 
with modes of rolling long plates of moderate widt 
as bars, so as to avoid the waste ordinarily involved 
in trimming the edges of such plates for use in girder 
making. After giving an account of the ‘‘ Belgian” 
or “universal” four-roll mill, and stating its advan- 
tages and disadvantages, Mr. Hutchinson proceeded 
in his paper to describe a new system of plate mill 
which he had himself devised, and of which we give 
outline illustrations on page 97. For the explana- 
tion of this mill and the mode of using it, we refer 
to Mr. Hutchinson’s communication itself. 

The discussion on this paper was opened by Mr. 
Jeremiah Head, who commenced by remarking that 
Mr. Hutchinson’s mechanical skill and experience 
in plate rolling were so well known that any sug- 
gestions coming from him were worthy of special 
attention. The Belgians had, he added, for many 
years been supplying large quantities of what are 


termed ‘broad flats” to England, and until the} gard 


roduction of these sections was taken up at the 
Skerne Iron Works when Mr. Edward Hutchinson 
was the managing director there, the Belgians had 
practically no opposition from English makers. 
The ‘broad flats” were narrow plates rolled as 
bars and were largely used by builders for flitch 
plates, small girders, &c., but they were, as had been 
inted cut by Mr. Hutchinson, liavle to “‘ reediness” 
rom the manner in which they were piled. He— 
Mr. Head—had, he stated, noticed many incipient 
cracks in girders of “=m iron, and he considered 
that to avoid this such flats should always be made 
from piles having tops and bottoms of the full width 
of the bar, and not made up of a number of pieces as 
was the practice in Belgium, a practice which was 
described in Mr. Hutchinson’s paper. Mr. Head 
also agreed with Mr. Hutchinson as to the practical 
inconveniences of the ‘‘ universal” mill, and con- 
sidered that the system of mill pro by Mr. 
Hutchinson, in which the width of the plate is 





controlled by adjustable collars instead of vertical 
rolls, was an improvement. With the universal 
mill it was only possible to put a very slight pres- 
sure on the vertical rolls as otherwise trouble was 
caused by thickening the plate at the edges, and in 
Mr. Hutchinson’s plan the nip which the plate got 
on the flat would be quite sufficient to squeeze it 
against the collars to the extent required to finish 
the edges. For the reasons already stated Mr. Head 
commended Mr. Hutchinson’s plan of employing his 
system of rolls with adjustable collars for producing 
puddled bars of different widths to suit different 
widths of finished plates, and he considered that this 
method of rolling might any og oo. | be used for 
preparing puddled bars, even in cases where the sub- 
sequent rolling of the wide bars or narrow plates 
was contnstel on the ordinary system. He did 
not, however, agree with Mr. Hutchinson in his 
proposal to use the new system of rolling for wide 
plates. Most plates above say 12 in. in width had 
rows of rivets down the edges, and such plates if 
subjected to tensile strain transversely, would if 
rolled as bars be liable to tear along the line of 
rivets, In the ordinary method of rolling plates 
the rolling was not all in one direction, the plate 
in fact going through the rolls during the earlier 
stages, not only both lengthways and breadthways 
but also corner ways, the result being the develop- 
ment of fibre to a considerable extent in every 
direction and the avoidance of reediness, Iron 
plates rolled as bars would be deficient in transverse 
strength, and for this reason he considered that Mr. 
Hutchinson’s system would give better results with 
steel than with iron. It had been stated—Mr. 
Head remarked—that with steel plates the strength 
was the same in both directions; but he had found 
that in such plates the toughness to resist bending 
was somewhat greater in the direction of rolling, 
although there was no such noticeable difference as 
with iron, where the tensile strength in the two direc- 
tions might be taken as averaging, for fair plates, 
22 tons and 18 tons per square inch respectively. 
In rolling steel on Mr. Hutchinson’s system there 
would also probably be less trouble in getting a 
sound clean edge than there would be with iron. 
As to the saving of scrap claimed by Mr, Hutchin- 
son, that was not to be put down as altogether a 
net gain, for the scrap sheared from plates was 
really wanted for the manufacture of the better 
class of material and was all used up for this 
purpose. 

The next speaker was Mr. F. W. Webb, who re- 
ferred first to the system of rolling steel plates which 
he practised at Crewe. All steel ingots, he remarked, 
had more or less honeycomb on the surface, and 
for many years he had made it the practice only to 
use very large ingots—not less than 2 ft. square— 
for rolling into plates and to hammer these ingots 
in one direction only. The effect of this was that 
in reducing these large ingots down to the thickness 
of a plate, the original honeycomb on the hammered 
surfaces became spread out to a mere film, while 
the honeycombs on those sides of the ingots which 
ultimately formed the edges of the plate were burst 
out sideways, and did not get rolled into the plate 
as flaws. It was he believed owing to the attention 
paid to these points that they had had so much success 
with their steel plates at Crewe, and with reference 
to this he somathed that he had lately had an oppor- 
tunity of examining in graving dock, the London and 
North-Western Company’s steamship Isabella (the 
whole of the plates for which were rolled at Crewe), 
and there was, he was glad to say, an entire absence 
of any signs of pitting or other defects. As re- 
ed Mr. Hutchinson’s new mill, he pointed out 
that new loose collars would be required each time 
the rolls were turned unless it was proposed to keep 
sets of collars of different sizes and to turn the rolls 
to fit. He was also afraid that the unequal wear of 
the rolls, due to the parts dealing with the narrower 
bars having most work to do, would interfere with 
the action of the collars, while he feared likewise 
that the irregular expansion of the rolls from unequal 
heating might cause trouble. 

Mr. D. Adamson, who spoke next, agreed with 
Mr. Head, that Mr. Hutchinson’s system of rollin 
plates appeared better adapted for dealing with stee 
than with iron. With iron he feared that it would 
be very difficult to get a clean —_ With regard 
to Mr, Head’s remarks on the difference between 
the tensile strengths of iron plates with and across 
the grain, he remarked that this difference afforded 
strong indications of the composite nature of the 
materials. The greater the amount of cinder con- 
tained in the iron, the greater the difference in 





the strength of plates in the two directions. Thus 
with Lowmoor iron, which only contained some 
1} per cent. of cinder, the difference of strength in 
the two directions was only moderate, while with 
common irons containing say 4 per cent. of cinder, 
the difference became very important. When the 
difference in the specific gravity of iron and cinder 
was considered, and hence the important bulk of 
even a small percentage of the latter, it was not 
surprising that its presence should materially affect 
the strength. As regarded steel plates, he—Mr, 
Adamson—had found them equally strong in both 
directions, while with respect to bending tests, some 
of the best results he had got were obtained in steel 
bent transversely to the direction of rolling. This 
of course, however, was merely an accident, as he 
by no means wished to say that steel plates were 
tougher in this direction, but merely that they were 
of equal strength in both directions. Mr. Adamson 
concluded by pointing out the general superiority 
of an homogeneous material like steel over a com- 
posite material like iron, and gave particulars of 
the relative endurance of the two materials when 
tested by drifting out a hole. In connexion with 
this, he remarked that a hole made in a washer cut 
out of anjiron plate, and annealed, would stand 
far ao drifting than a similar hole in the plate 
itself. 

The President, Mr. Cowper, in bringing the dis- 
cussion to a conclusion (Mr. Hutchinson not being 
present to reply), remarked that when a pile for a 

late leaves the furnace it may be considered to be 
ormed of a number of particles having little cohe- 
sion amongst themselves, but these particles, by the 
subsequent rolling and working in different ways, 
become elongated and interlaced in all directions, 
and it appeared that, as pointed out by Mr. Head, 
this development 'of fibre in more than one direc- 
tion was desirable in plates. As regarded Mr. 
Hutchinson’s system of rolling, which he under- 
stood had so far only been tested to a limited extent, 
they all would, he was sure, be glad to learn the 
results of further experience. A vote of thanks was 
then passed to Mr. Hutchinson for his paper. 


AUTOMATIC ACTION IN RatLway Brakes, 

The next paper read was one by Mr. T..Hur- 
rey Riches, of Cardiff, entitled ‘Is Automatic 
Action nece or desirable in a Continuous 
Railway Brake?” In this paper, which we print 
in extenso on page 100 of the present number, there 
are given various tabular statements compiled from 
the Board of Trade returns and containing summa- 
ries of the failures of continuous brakes during the 
eighteen months ending June, 1879, and from a 
consideration of these statements and the results of 
his inquiries amongst railway companies, Mr. Riches 
frames certain opinions relative to the question con- 
tained in the title of his paper. As will be seen by a 
perusal of the paper, Mr. Riches throughout sums 
up the evidence against automatic brakes, and he 

timately arrives at the conclusion “that there is 
‘* not as yet in existence any automatic brake suffi- 
‘* ciently reliable to justify its use in preference to 
‘the best descriptions of non-automatic brakes,” 
Knowing as we do the success which has been at- 
tained with automatic brakes it is very difficult for 
us to understand how Mr. Riches can have arrived 
at such a conclusion as this; but our own opinions 
on this question are well known, and on the present 
occasion there is no necessity for us to repeat them, 
but merely to record the opinions of others. 

The discussion on Mr. Riches’ communication was 
opened by Mr. Sanders, who criticised the paper 
severely. Dealing in the first place with the records 
of failures he objected to the failures of the various 
automatic brakes being lumped together, as if there 
were no distinction between them, while he went on 
to say that the most important class of failures of 
non-automatic brakes were not recorded at all, 
namely, those in which these brakes refused to go 
on when wanted. Mr. Riches had also quite omitted 
to refer to the ‘ tell-tale” action of automatic 
brakes, whereby any defect in these brakes was at 
once made known to the driver instead of the latter 
being allowed to go on without any warning. ‘This 
‘*tell-tale” action was a most important safeguard, 
and it was quite unjustifiable to omit reference to it 
when discussing such a subject. The author of the 
= also, he stated, misinterpreted the Board 
of erequirements. These requirements did not 
refer specially to the breaking away of trains but 
they laid down that the brake should apply itself in 
case of accidents; meaning by this, pis. lh to any 
essential part of the brake itself. Mr. Sanders then 
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quoted the Wigan and Shipton accidents as cases in 
which the application of a continuous brake—in the 
first instance by the breaking away of a portion of the 
train, and in the second by the guard in the rear 
van—would have undoubtedly rendered most im- 
portant service. The Board of Trade returns, he 
remarked, for the period dealt with, recorded 107 
instances in which faults in pipes not known to the 
driver had occurred with Smith’s vacuum brake, but 
these failures were not included in Mr. Riches’ 
tables. With his own brake he (Mr. Sanders) had 
only had two cases in which it refused to go on. 
Giving next the particulars of an important failure 
of the Smith vacuum brake on the Midland line 
when a train ran through Mill Hill station at the 
rate of 40 miles per hour with the signals against it, 
and pointing out how his own brake gave warning of 
anything being wrong, Mr. Sanders proceeded to 
criticise Mr. Riches’ statement that “every auto- 
‘matic brake has at least double the number of 
‘‘ parts that a non-automatic brake has,” and with 
regard to this he stated that his own brake had only 
seven main parts per vehicle against thirteen parts 
required for the Smith non-automatic vacuum brake. 
Mr. Riches’ statement that automatic brakes could 
not be regulated well in descending long inclines, 
he also stated, was quite unfair, as his brake could 
be perfectly regulated under such circumstances. 
As regarded the instances recorded by Mr. Riches, 
in which automatic brakes applied themselves, 
through some defect occurring, only two of these 
applied to the Sanders brake, the one being a case 
in which a pipe failed and the other a case in which 
a sack had been wilfully cut, so that it failed when 
the full pressure came on it. These cases, he main- 
tained, were not “ failures,” but only instances in 
which an automatic brake had done just what an 
automatic brake should do, namely, give warning.. 
Had the brake been non-automatic in these cases 
the driver would have been unaware of his having 
been deprived of brake power, and the results might 
have been serious. As regarded the breaking of 
couplings Mr. Sanders stated that he had had no 
cases with his brake, nor was it possible with it 
for the brake to ‘‘ creep on” as had been alleged in 
the paper. When blocks rubbed against the wheels 
it was not from any fault in the brake but from bad 
adjustment of the blocks themselves. In conclusion 
Mr. Sanders maintained strongly that there were no 
just grounds whatever for the final paragraph in 
Mr. Riches’ paper, in which it was asserted that. 
‘¢it appears absolutely necessary that any automatic 
‘‘ brake which is to be regarded as satisfactory 
‘* should be less complicated than any now in use.” 
The next speaker was Mr. Gutch, who gave a 
most complete and damaging analysis of Mr. Riches’ 
paper. Stating that he agreed with much that had 
been stated by Mr. Sanders, he went on to point 
out that Mr. Riches had in his paper entirely 
ignored the problem proposed in the title of his 
communication. The question as to whether 
automatic action was or was not desirable, was in 
fact not discussed in the paper at all. It was to be 
borne in mind that this question of a principle was 
one which was quite independent of the success or 
failure of any particular brake, and it was for in- 
stance quite likely that some advocates of non- 
automatic brakes would totally object to the value 
of their principles being judged by the performance 
of Smith’s vacuum brake which Mr. Riches had 
taken for the model of its class. If such records of 
failures as Mr. Riches had compiled were to be 
taken as the basis for a judgment then Fay’s or 
Newall’s brakes must be the best, for in their case 
no failures at all were recorded. The fact was 
that the tabular records took no note of successes 
but only of failures, and if an accident was pre- 
vented by an automatic brake it was not recorded. 
‘** Tell-tale action,” as it had been termed by Mr. 
Sanders, was undoubtedly a necessity in a good 
continuous brake, and its importance could not be 
insisted upon too strongly. The provision of auto- 
matic action in railway brakes was indeed merely 
an extension of the practical application of the 
principle, which had long been admitted to be 
correct for the working of signals and the block 
system; signals, for instance, being now almost 
universally arranged so that they fly to danger in 
the event of a wire breaking. What the Board of 
Trade required was, as had been stated by Mr. 
Sanders, that a brake should be self-acting in case 
of accident. The condition as stated by the Board 
of Trade reads: ‘In case of accident to be instan- 
“taneously self-acting.” It was thus evident that 
the Board required a brake which would apply 








itself and stay on in the event of an accident either 
to itself or the train to which it was fitted. As re- 
garded the Bickley accident mentioned in the paper, 
in which a tender wheel broke away and smashed 
the brake cylinders successively as the vehicles 
assed over it, it was, of course, impossible for the 
estinghouse or any other brake to continue to 
act when it was carried away; but it should be re- 
membered that in this particular case the smashing 
of the first cylinder would set the brake throughout 
the train, and the brake so set would continue to 
operate on each vehicle until the brake gear of that 
vehicle was carried away. This he ventured to 
think was a much more desirable state of affairs 
than that which would exist in the case of the 
Smith vacuum brake when the carrying away of 
the sack on the first vehicle would disable the brake 
altogether, and even if it had previously been set by 
the driver it would at once go off automatically, on 
such an accident occurring. Nobody imagined that 
trains were always breaking in two, but at the same 
time railway companies do not record all failures of 
couplings. Couplings do break, however, and it was 
waiines to suppose, as had been suggested in the 
paper, that suc a could be entirely avoided 
y increased strength. He (Mr. Gutch) also objected 
entirely to the system of comparison instituted in Mr. 
Riches’ tables. The brakes there compared were 
not comparable in the ew in which this had been 
done. Non-automatic brakes do not record their 
failures, and it was therefore unfair to compare 
them in this way with automatic brakes in which 
the failure of any part was recorded as the 
stoppage of a train. It was, he pointed out, im- 
possible to improve a principle by adopting a prin- 
ciple of an entirely opposite character, and thus 
the absence of failure in a non-automatic brake, 
even supposing it existed, was no proof of the 
automatic principle being wrong. Mr. Riches, he 
remarked, had not tried the Westinghouse brake, 
and only spoke from his experience of the Smith 
vacuum heohe on a short line, and he was thus not 
in a position to express a strong opinion on the 
Westinghouse brake. Mr, Gutch then proceeded 
to classify the ‘‘ failures” recorded of the Westing- 
house and Smith’s vacuum brakes into two classes, 
‘‘dangerous” and ‘‘ not dangerous,” and he stated 
that out of a total of 233 “ failures” recorded against 
the Westinghouse during the half year ending June, 
1879, but eight instances or 34 per cent. were in 
any sense dangerous, while in the case of a total of 
123 recorded against the Smith vacuum brake during 
the same period, there were 79 dangerous failures or 
64 per cent. of the whole. The percentages of 
cases in which the brake was disabled throughout 
the train for the rest of the journey were also 
10 per cent. for the Westinghouse and 29 per 
cent. for the Smith brake. In the records of 
last half-year, he added, 95 per cent.—or 85 
out of 89—of the failures of the Smith vacuum 
brake were of a dangerous character. A com- 
arison of the reports sent in to the Board of 
Trade relative to brakes, showed that the different 
companies regarded the requirements of the Board 
in a different light, and hence there was a great 
diversity in the nature of the failures recorded, 
some companies evidently quite ignoring failures 
which others thought it essential to include in their 
returns. Under these circumstances it was obvious 
that the fairest comparison between the Westing- 
house and Smith’s vacuum brake could be made by 
analysing the returns made by a company who 
were using both brakes, and who kept careful re- 
cords of the performance of each. Such was the 
case, he said, with the North-Eastern Railway, and 
he then proceeded to quote the results of the ex- 
perience on that line. 

For the half-year ending June, 1879, this com- 
pany had returned 89 vehicles (engines and car- 
riages) as fitted with the Smith vacuum, and 138 
vehicles (engines and carriages) with the Westing- 
house automatic brake, while the distances run by the 
two brakes were 252,473 miles for the vacuum and 
168,809 miles for the Westinghouse. The vacuum 
brake was used almost entirely on through trains 
making few stops, yet there are 23 failures reported, 
of which 16 or 70 per cent. are dangerous, while the 
ratio of failures to mileage was one failure to every 
10,977 miles run. The Westinghouse automatic 
brake on the other hand was employed almost 
entirely on stopping trains, so that it had far more 
chances of going wrong, yet he (Mr. Gutch) found 
but six failures reported, and of these but one could 
interfere with the stopping power of the train, 
while, moreover, four of the others occurred during 


83 
uine days, and with two new trains in the hands of 
unpractised drivers, The Westinghouse brake thus 


gave but one failure for every 31,468 miles run. 
Dealing next with the Blaenmoor tunnel and the 
Wemyss Bay accidents, which had been specially 
referred to in the paper, Mr. Gutch remarked that 
in the case of the former a pipe burst, and the 
brake of course went on, as it should have done 
under the circumstances. This so-called ‘ acci- 
‘‘dent” was therefore really a success of the brake. 
In the case of the Wemyss Bay accicent a train 
which was first stopped by signal and then delayed 
by a failure of a part of the brake apparatus— 
namely, the bursting of a brass union which had 
not been supplied by the Westinghouse Brake Com- 
— run into by another train which had 
en allowed to enter the same block section. . It 
was simply ridiculous to class this accident as 
caused by the automatic brake ; it was—as was stated 
in the Board of Trade report of the casualty —simply 
a failure of the block system in this particular case. 
As regarded the ‘creeping on” of the brake 
alluded to by Mr. Riches, it did not exist, but blocks 
were sometimes caused to rub against the wheels 
by the brake not being completely taken off after 
a. This, however, was a fault of mani- 
pulation, and did not occur after drivers had had 
experience in the handling of the brake. Mr. Gutch 
next dealt with some statements made in Mr. Riches’ 
paper as to the working of the Westinghouse brake 
on inclines, there being quoted by Mr. Riches from 
M. Marié’s report, a sentence in which he s of 
the Westinghouse brake as difficult to regulate on 
long gradients. With reference to this, Mr. Gutch 
remarked that the experience on the Western Rail- 
way of France, where this feature in the working 
of the brake had been specially tested, showed that 
the Westinghouse automatic brake could be per- 
fectly controlled on gradients, and M. Marié’s report 
had been written before he (M. Marié) had been 
fully informed on this point. On the North-Eastern, 
the Midland, and the North British Railways the 
Westinghouse automatic brake was daily doing most 
satisfactory work on long ients. But if Mr. 
Riches chose to quote M. ié’s report he would 
have done well to have included in his quotation 
the sentence following that which he had given. In 
the sentence M. Marié says: ‘‘The vacuum non- 
‘‘automatic is dangerous in case of rupture of 
‘* couplings, because it does not stop the detached 
‘‘ portion.” Under the heading of ruptures of 
couplings M, Marié also says: ‘‘ In cases of sudden 
‘‘ application of the brake, the shocks we have just 
‘‘ mentioned often enough cause ruptures of the 
‘couplings. In the Westinghouse, which is auto- 
‘¢ matic, the rear portion of the train stops of itself ; 
‘‘ but it is then necessary to provide against the 
‘‘ new danger resulting from a portion of the train 
‘‘ being suddenly stopped and remaining stationary 
‘‘ upon the main line. As for the vacuum, which is 
‘‘ non-automatic, the severed portions continue 
‘¢ running, which presents serious danger upon in- 
‘¢ clines,” Also in the commencement of his paper 
M. Marié remarks: ‘‘It appears that, in general, a 
‘‘ certain importance is attached to the fact that in 
‘¢ case of derangement of the apparatus or rupture of 
‘a coupling the brakes apply themselves on each 
‘* vehicle to stop the train or the sections of a train. 
‘‘ This constitutes what is called ‘automaticity.’ 
‘¢ We think that this property, limited to passenger 
‘‘ trains, would be neues with the existing brakes, 
‘* because ruptures of couplings do not occur with 
‘ these trains ; but as we will see hereafter, the use 
‘¢ of continuous brakes will pag cause frequent 
‘‘ ruptures of couplings, and for that reason auto- 
‘‘ maticity seems to us necessitated by that kind of 
‘‘ brakes.” Mr. Gutch added that in certain so-called 
translations of M. Marié’s report, which had been 
very largely circulated in this country, these 
passages somewhat curiously been omitted or 
mistranslated, Asa proof of the untrustworthiness 
of the vacuum brake on gradients, Mr. Gutch also 
alluded to the practice on the Monmouthshire line, 
as described in the return made by the Great 
Western Railway Company. In that return it is 
stated: ‘Each of the passenger trains on the Mon- 
‘* mouthshire line has two or three vehicles at the 
“end fitted with Fay’s brake, which is used for 
‘‘ controlling and stopping the train in ascending 
‘¢ the inclines ; on the return journey down the in- 
‘‘ clines Smith’s vacuum brake is used throughout 
‘the train, Smith’s brake is not used on the 
“ ascending journey except in cases of emergency.” 
The natural inference from this Mr. Gutch pointed 





out to be that the danger of a break-away involved 
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COAL WASHING MACHINERY AT MOLIERES COLLIERIES, FRANCE. 


(For Description, see Page 94.) 
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by the employment of the vacuum brake was too 
great to be risked during the ascending journey. 
In concluding his remarks—of which our space 
available has only permitted us to give a very much 
condensed report—Mr. Gutch insisted most strongly 
on the importance of automatic action in continuous 
brakes as the only means by which safety could be 
secured, 

The next speaker was Sir Henry W. Tyler, who 
remarked that his many years’ experience in examin- 
ing into railway accidents during his connexion with 
the Board of Trade had naturally led him to pay 
especial attention to railway brakes, and to form 
strong opinions as to the conditions which such 
brakes should fulfil. At an early period in the 
introduction of continuous brakes he had come to 
the conclusion that they ‘should be automatic, and 
he had set this view before Mr. Clark, when Clark’s 
brake was first brought under his notice. The use 
of powerful continuous brakes naturally led drivers 
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to approach signals, &c., at a higher speed, and 
hence it was of the utmost importance that they 
should have immediate notice in the event of the 
brake power on which they were relying failing in 
any way. When he first saw the vacuum brake he 
said that. it should be made automatic, and he told 
Mr, Westinghouse the same thing when the first 
form of Westinghcuse air brake (which was not 
automatic) was brought before him. ‘The opinions 
he had thus early formed of the necessity for ‘‘ auto- 
‘¢ maticity” in a continuous brake he had since 
always adhered to. Mr. Riches had in his paper very 
ingeniously tried to prove the reverse by quoting 
statistics in a certain way, and bearing this fact in 
mind, and also remembering as he did so man 

failures of hand brakes, he (Sir Henry Tyler) could 
not help coming to the conclusion that it would be 
a very easy task to write a paper proving that it 
would be much better for trains not to be fitted 
with any brakes at all! The fact was that all such 








statistics as were quoted in the paper admitted of 
different handling, and he believed that if he and 
Mr. Riches had gone together through the various 
returns sent in by the different railway companies, 
they would have jointly arrived at very different 
conclusions to those which Mr. Riches set forth in 
his paper, He (Sir Henry Tyler) had {gone care- 
fully through the official reports on railway acci- 
dents from the years 1870 to 1876 inclusive, and 
had analysed them to determine in what accidents 
a continuous brake would have been of service, 
while he has further classified these cases into those 
in which the brakeshould have been under thecontrol 
of the engine driver, those on which it should have 
been operated by the guard, and those on which it 
should have been automatic, The results of the 
analysis were shown by a Table which he handed in 
(and which we give on the next page), the results 
showing that out of an ave of 176.3 accidents per 
annum, there were 137.4in which a continuous brake 
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: } 
Continuous Brakes required. | 
Under | Under | With | J Total 
> Control of | Control} Auto- : nvestigate 
Year. Engine of matic Total. Train 
Driver. |Guards. Action. Accidents. 
1870 85 4 13 102 | 122 
1871 102 8 12 | 122) 160 
1872 163 15 10 | 198/ 238 
} | | 
1873 147 | 14 18* 179 | 241 
1874 100 826] |(oM 12+ | 126 168 
1875 92 ll 20 161 
| 123 
| 
1876 87 9 16 06=CO| «112 144 
bce bs vs 
Average 117 10.7 14.4 137.4 176.3 














was required, while in 117 of these cases the brakes 
should have been operated by the driver, in 10.7 by 


REMARKS. 





Accident at Kelvedon, Great Eastern Railway, 1 killed, 
16 injured. 

* Including accident at Wigan, London and North- 
Western Railway, 13 passengers killed, 30 injured. 

+ Including Shipton, Great Western Railway, 34 killed, 
65 injured. 

Including accident on North British Railway, Scot’s 
Gap, 3 passengers killed, 25 injured; and Bath- 
ampton, Great Soaiens Railway, 2 killed, 8 injured. 

Including accident at Long Ashton, Great Western 
Railway, 2 killed, 14 injured. 








Vacuum Brake Company, also refused to enter into 
the discussion, remarking that he Jeft the advisa- 
bility or otherwise of employing automatic action to 








the guard, and in 14.4 it should have been automatic 
to have been of service. It was moreover to be borne 
in mind that some of the most disastrous accidents, as 
far as loss of life was concerned, were those in which 
the automatic action would have been valuable. 
Ihe Helmshore and Rundell accidents were cases 
in point. The ‘tell-tale’ action of automatic 
brakes he regarded as most important. He added 
that he had personally had constant opportunities of 
watching the working of the Westinghouse automatic 
brake on the Great Eastern Railway, and it was 
most satisfactory, while in conclusion he remarked 
that although much was made of such brake failures 
as occurred, there were really more failures of 
engines than of continuous brakes, and the failures 
of the latter would undoubtedly become less as 
experience was gained in their use. 

After some brief criticisms by Mr. R. Price 
Williams of some doubtful features in Mr. Riches’ 
tabular statements, Mr. Banderali, of the Northern 
Railway of France, stated that on his line, and 
waaay also in England on lines where the block 
system was not in use, an objection existed to the 
automatic action of railway brakes on the score of 
the danger arising from a train being unexpectedly 
brought to a stop by a failure of the brake, ‘This 
point was, perhaps, one more for the consideration 
of tratlic managers than for engineers, but it was 
one to which some importance was attached. What 
he considered was wanted was an arrangement by 
which, in the event of any part of a brake failing, 
warning should be given to the driver without 
stopping the train. 

Mr. McDonnell, of the Great Southern and 
Western Railway of Ireland, who spoke next, con- 
tended that Mr, Sanders had been unfair in his 
estimate of the number of parts in his (Mr. Sanders’) 
b:ake as compared with the Smith vacuum. As 
regarded non-automatic brakes, if a driver found 
his continuous brake useless he would still have his 
hand brake, and so be no worse off than if the train 
were not fitted with acontinuous brake. It was, he 
considered, not fair to allege—as had been done by 
several speakers—that Mr, Riches had a favourite 
brake. It was undoubtedly very difficult to estimate 
the relative values of different brakes by the records 
of failures reported, different locomotive superin- 
tendents having different ideas as to what constituted 
failures. He himself bad had great difficulty in de- 
t-rmining whether or not a so-called failure was 
sich as should be reported, and other railway men 
had no doubt experienced similar difliculty. Auto- 
matic action for brakes had, he stated, been com- 
pared with the practice of arranging signals to fly 
to danger in the event of a wire breaking, but even 
on the advisability of the latter practice, he re- 
marked, there were differences of opinion, and he 
then caused some amusement by relating an anecdote 
iNustrative of the free-and-easy manner in which 
railway signalling is apparently conducted on some 
lines in Lreland. 

+Mr. Tomlinson, of the Metropolitan Railway, 
etated in reply to the President, that he had no re- 
murks to make respecting the principle under dis- 
cussion, but that he continned to be satisfied with 
tli Smith vacuum brake as suitable for the work- 
ivg of his line, while Mr. Yeomans, of the Smith 





aper. 
CS teoutal totals did not agree as they should do, 


be determined by the railway authorities, In any 
case he maintained that his company had the best 
brake of either kind. 

The next speaker was Mr. Westinghouse, who 
first criticised the tables given by Mr. Riches in his 
In some of these tables the vertical and 


thus showing apparently that some failures were 
counted twice over. The data regarding the Lon- 
don, Brighton, and South Coast Railway also did 
not agree with the returns to the Board of Trade. 
Regarding ths results of the working of the brake 
on that line he (Mr. Westinghouse) had hoped that 
Mr. Stroudley would have been present to speak 
personally, but unfortunately this had not been 
possible, and he would therefore read a letter on 
the subject which he had received from Mr. 
Stroudley, and the contents of which he had per- 
mission to use as he thought fit. Mr. Westinghouse 
then read the following letter : 
(Copy-) London, Brighton, and South Coast Railway, 
Locomotive and Carriage Department, 
Brighton, January 21, 1880. 
Messrs. the Westinghouse Continuous Brake Co., 
Palace Chambers, St. Stephen’s, Westminster. 

Dear Srrs,—I had quite expected to be able to attend 
the meeting and speak on behalf of the automatic air brake. 
I am sorry, however, to inform you that I have this after- 
noon been subpoanaed to appear as a witness at Stafford 
to-morrow. lam waiting a telegram which will inform me 
absolutely as to my going, and should it so bappen that I 
am not required there, I will attend the meeting. 

I may mention, however, for the information of any one 
to whom you may wish to show this letter, that I am 
thoroughly convinced that the automatic action of a con- 
tinuous brake is the principal feature in its favour. 

Previous to the introduction of the continuous brake on 
this line, we had very excellent arrangements of steam and 
hand brakes, which would pull up a train very quickly ; but 
the want of automatic action in the case of a train getting off 
the line, or breaking loose, or from any other cause, had 
such weight with the company that it was unanimously 
agreed on the part of all the officers concerned in the 
working of the trains, as|also the manager and directors, 
that the Let yy = automatic air brake was the most 
perfeot brake that had yet been devised; and it was 
accordingly adopted, and will be applied to the whole of 
this company’s stock. We have now about 100 locomotives 
and about 630 carriages fitted, and we are pushing this 
work as fast as sont. 

Our difficulties and so-called failures have really not 
been failures in the sense of the inefficiency of the brake to 
stop the train ; but have merely been slight hindrances to 
the traffic by reason of trifling defects, principally in the 
want of knowledge on the part of the staff as to the work- 
ing; and, to a certain extent, in some of the details of the 
small pipes, and which we have discovered and rectified. 
There has also been some considerable trouble with the 
original form of triple valve; this has, however, also been 
cured of its defects, and we have no trouble with the new 
kind, which have the advantage, also, of being simpler 
than the original ones. 

I think no man can lightly estimate the value of the 
interlocking points and signals, and the block system, but 
as a locomotive engineer of many years’ experience, I be- 
lieve that the automatic continuous brake is of much more 
value as a means of safe working. 

I have only one instance on record, and that of a pin 
getting lost out of the brake gear, as a failure of the brake 
apparatus itself, during the whole of the time it has been 
at work, and this was discovered before the train had 
started, causing a delay of two minutes only. 

I believe that when the whole of our.stock is fitted, and 
the men have become acquainted with its action, any 


You are at liberty to use this as you think fit, and I 
shall be extremely sorry if I am unable to attend the 


meeting in person. 
IT am, yours truly, 
(Signed) W. STROUDLEY, 
Locomotive and Carriage Superintendent. 

In considering the statements in this letter it 
should be remembered, said Mr. Westinghouse, that 
Mr. Stroudley had excellent brakes before the ap- 
plication of the Westinghouse brake to his trains, 


_| but the automatic action was wanting. Such failures 


of the Westinghouse brake has had occurred on the 
Brighton Railway had been but very slight, and had 
caused no hindrance to the traffic. In the United 
States, from which he had just returned, there was 
hardly a company who were not exchanging the 
vacuum brake and his (Mr. Westinghouse’s) old 
pattern of non-automatic air brake for the automatic 
brake, and as this change involved nearly the expense 
of new brakes he thought that it was a very fair 
proof of the value of automatic action being generally 
appreciated. He had, he remarked, been himself 
driven to automatic action, as many people would 
not accept his old brake because it was not auto- 
matic, In reply to an inquiry from the President 
he added that he designed his automatic brake in 
1871, and that it was tried in 1872, and put into 
regular service on a railway in 1873. 

After a few remarks from Captain Fairholme, in 
the course of which he maintained that the Heberlein 
brake (which he stated had been fitted in this 
country to one train of four carriages) complied with 
the requirements of the Board of ‘Trade, Mr. Riches 
replied to the discussion. The apparent inaccuracy 
of the tables as indicated by the differences existing 
in some cases in the horizontal and vertical totals 
arose, he explained, from its having been thought 
desirable in some instances to include certain failures 
under more than one head, while he admitted that 
the information regarding the Brighton line had been 
obtained from sources outside the returns to the 
Board of ‘Trade, but connected with the railway. 
It would, he added, probably have saved him much 
trouble if his paper had borne a different title, and 
if it had merely been stated to be a record of certain 
facts connected with the working of continuous 
brakes. He did not himself personally object to 
automatic action if it could be secured without an 
excessive number of parts. Reference tothe Wigan 
and Shipton accidents had been omitted in his paper 
because he only started with his data from the year 
1878, while he had only mentioned the Westing- 
house, Sanders, and Steel-McInnes automatic brakes, 
because they alone were known to him. After 
what Captain Fairholme had said, however, he was 
quite willing to include the Heberlein brake in that 
class. Hecould not, hestated, agree with Mr. Sanders’ 
estimate of the number of parts in the Sanders 
brake, but maintained that the statement made in 
the paper was substantially correct, while he added 
some further explanations of the tables included in 
his paper. 

On the conclusion of Mr. Riches’ remarks, Mr. 
John Robinson, of Manchester, said that before 
passing a vote of thanks to Mr. Riches for his paper, 
it was only just to the author to state that the paper 
had been prepared at the special request of the 
Council. It had been asserted in some quarters 
that the Institution as a body were giving special 
support to automatic brakes, papers on the West- 
inghouse and Sanders brake having been read be- 
fore them, and under these circumstances the 
Council particularly desired to have a paper read 
on the vacuum brake. Both Mr, Tomlinson and 
Mr. Yeomans, to whom they had applied, refused 
to prepare such a paper, and under these circum- 
stances Mr. Riches had come forward with the 
paper which had been read, and which had certainly 
elicited a valuable discussion. A vote of thanks 
having then, on the motion of the President, been 
accorded to Mr. Riches, the’meeting was brought to 
a conclusion. 


THE 38-TON GUN. 
Remarks on the Stud which was fownd in the Turret of 
H.M.S. Thunderer after the Gun had Burst. 
By Str WriurAM PALLISER. 

I¥ it could be shown that the stud which was picked u 
in the turret of H.M.S. Thunderer after the gun 
burst, had come ont of a Palliser shot, then it would follow 
that the gun had been double loaded. 1¢ consequently be- 
came a matter of great importance that the stud should be 
identified, and, therefore, two front studs were taken for 
the purpose of comparison with it, respectively from @ 
Palliser projectile and from a common shell. 

A second piece of metal was likewise found in the turret, 
and was reported to have been a piece of a stud. ’ 
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however, was a mistake, for the piece of metal in question 
turns out to be a portion of a gas check. Only one stud, 
therefore. was found, and this one is admittedly a front 
stud, i.e., a stud which had been placed in the front part 
of the cylindrical portion of the elongated projectile. 

The recovered stud has evidently been thrown with vio- 
lence against a hard, rough object. The metal of the stud 
is thus ‘‘set up.’’ It is fortunate that the rib, or that 
portion of the stud which fits into the groove, remains 
practically uninjured. 

The weights of the studs and measurements of the ribs 
are as follows : 


Weight in Length of Ribs 
Grains. in Inches. 
Palliser (1) 1410 1.31 
Palliser (2) 1662 1.39 
Common (1) 1232 1.26 
Common (2) 1342 1.29 
Thunderer 1343 1,21 


1. The above weights make it probable that the reco- 
yered stud had come out of a common shell ; and in order 
to meet this evidence it is contended that the stud had been 
struck by some hard object with violence, and that a portion 
of the metal had been shorn off, thus reducing the weight 
to that of the common stud. I, however, appeal with con- 
fidence to those who, like myself, by constant attendance 
at the trials of projectiles against iron plates, have ac- 
quired experience of the effects of ‘‘ shearing’’ upon metals, 
whether Iam not correct in stating that, when a piece of 
metal has been sheared or shorn, the shorn surface is com- 
paratively smooth, and only marked with lines which are 
parallel to each other. The surface, however, of that part 
of the stud which has been in contact with the inside of the 
turret, presents a rough, uneven appearance, such as would 
have been caused by having been hurled with considerable 
force directly against a hard, rough object. It must be 
remembered that the stud is composed of gun metal, which 
is exceedingly tough. That in order to break off a portion 
of such metal by a direct blow, so great a velocity would 
be required in the stud as to have flattened it out like the 
lead bullet of a small-arm rifle when it strikes an iron 
target. The metal of the stud has been only partially 
‘‘upset’’ by the blow it received ; and a close examination 
will show that none of the metal has been shorn away. 
It will be noticed that the deviations in the weights are 
considerable, even of those studs that came from similar 
projectiles ; but, notwithstanding this, the weights dis- 
tinctly point to the probability of the stud having come 
from a common shell. 

2. The measurements of the lengths of the respective 
“ribs” of the studs afford still stronger evidence ; for the 
ribs of the common studs are both decidedly shorter than 
those of the Palliser stud, while they are both slightly 
longer than the rib of the recovered stud. It will be seen 
that the ribs of the common shell are respectively only five- 
hundredths and eight-hundredths of an inch longer than 
the rib of the recovered stud, while the ribs of the Palliser 
studs are, respectively, ten-hundredths and eighteen- 
hundredths of an inch longer than it. Thus the recovered 
stud, while it approximates the measurements of the com- 
mon studs, is actually somewhat more removed from the 
Palliser stud than are the common studs themselves. 
These measurements point to the stud having come from a 
common shell. , 

3. The Committee reported that the gun was burst by a 
charge of 851b. of powder, which lay in rear of a common 
shell of 590 lb., but in front of another charge of 110 lb. of 
powder, and a Palliser shell of 700 lb. weight. If this were 
so, the Palliser shell, at the time it was leaving the un- 
burst portion of the gun, would have been moving with a 
forward velocity of several hundred feet a second. The 
studs in the shell would have likewise been moving forward 
with a similar velocity. Any stud in the Palliser projectile 
could, therefore, have found its way into the turret, only 
(a) by having been struck by some object with sufficient 
violence to have knocked it out of the shot and to have 
arrested its flight ; (b) by the shot having been broken, and 
by the stud having come out of it, and by its having snb- 
sequently struck some object which sto; 
left it in the turret; or (c) by the Palliser shell having 
jammed on its wad after the common shell had left the gun, 
and by the wad having pulled the stud out of it. 

a. It is evident by the mark on the stud that the blow 
which it received was struck after it had left the projec- 
tile ; for the injuries extend down below that part of the 
stud which projected above the projectile, to that part 
which was covered by and protected by the body of the 
projectile. The solution (a) must thauioge be rejected. 

b. There is no reason {why double-loading should have 
caused the Palliser projectile to have broken, and the pre- 
sence of a Palliser stud under this explanation would 
therefore require a combination of two improbabilities : 
First, that the projectile had broken, and second, that the 
stud, coming out of a breaking projectile, and moving with 
a forward velocity of several hundred feet per second, should 
have struck some object so directly as to have remained in 
the turret instead of passing ont to sea through the port 
as all the rest of the projectile done. The first as- 
sumption, necessary to render the second ible, is impro- 
bable, and the second assumption under the first is likewise 
improbable. A solution which rests on the combination of 
two such improbable contingencies pted 
ay an assumption which is itself prim4 facie impro- 

able. 

c. With regard to the Palliser projectile having jammed 
upon its wad, no doubt such an accident might hare had 
the effect of pulling the stud out of the projectile, and 
arresting its flight to such an extent as to cause it to have 
been flung sideways against the turret. The stud, more- 
over, bears a distinct mark of having been ex: to very 
severe compression while it was in the projectile. It is 
wedge-shaped towards its advanced end, having been 





ped its fight and | ap 


non-driving side of the rib, and the rubbing marks are in 
line with its length, showing that the projectile had a for- 
ward motion at the time the squeeze took pee. The 
mark on the top of the rib may be best described by sup- 
posing the stud to have been made of some soft plastic 
substance like putty, and that it had been pressed down by 
a man’s thumb, which had at the same time been drawn 
along its surface. The above remarks apply equally well 
to the stud of the common shell, assuming the gun to have 
been loaded, as it ought to have been, with only one pro- 
jectile, viz., a common shell, Thus the only contingency 
under which a Palliser stud could have found its way into 
the turret necessitates the assumption of a jam as well as 
that of a double-loading, a combination which cannot be 
oor ted as coming within the bounds of reasonable pro- 

ability. 

4. On the other hand, if we assume tbat the gun was 
loaded with a common shell, and that the shell jammed 
upon the wad, it will be seen that the fore stud would be- 


come imbedded in the wad, that the fore part of the shell | I 


would have been tilted up while the body was held straight 
by the bore, that the shell would thus have been broken, 
and that the stud would have been torn out of the breaking 
shell by the stationary wad, and that it might well have 
been thrown with violence against the inside of the turret. 
It is remarkable that the only — of the projectile 
found in the turret were this stud and a small piece of the 

-check. The pressure of the stud upon the wad would 
at been immense, and would have caused just such a 
mark as exists on the upper surface of the rib, and the 
rough marks on the stud would have been caused by its 
being flung with violence against the inside of the turret 
after it had left the shell. The only proof adduced that 
the stud had come from a Palliser shell, was the absence of 
any defined mark round the waist, such as exists on the 
waist of the stud of a common shell. It will, however, be 
seen that the act of pulling the enlarged base of the stud 
through the restricted hole round its waist would have had 
the effect of removing the mark in question. 

To sum up: . 

1. No reason exists why a Palliser shell should have been 
broken had it been in the gun. 

2. Assuming it to have been broken, the studs would in 
all probability have passed out to sea along with the débris 
of the shot. 

3. A blow against the stud while in the shell, would shear 
it rather than knock it out. 

4. The stud shows no mark of having been struck before 
it left its projectile. 

5. The stud does show a mark of having been subjected 
to a very great downward pressure, such as would be caused 
by a jam. 

6. In the event of the shell having jammed on the wad, 
the fore stud may well have been pulled out of the breaking 
shell and flung into the turret. 

7. It is an extreme assumption to suppose that two pro- 
jectiles were in the gun, and that the rear or Palliser pro- 
jectile had jammed. 

8. The weight of the stud corresponds to a certain 
extent with the weights of the common stud, while it does 
not correspond with those of the Palliser studs. 

9. The length of the rib corresponds with the length of 
the ribs of the common shell, while it does not correspond 
with those of the ribs of the Palliser shell. 

A little consideration of the above facts and arguments 
will, no doubt, lead to the admission that the theory of 
probabilities combines powerfully with the evidence of the 
*{silent witness’ to show that the recovered stud had be- 
jonged to a common shell. 


THE TAY BRIDGE. 
To THE EDITOR OF ENGINEERING. 

S1r,—It is certain that five spans of the Tay Bridge fell 
after the train passed the last pier now standing. ence 
the coincidence of the arrival of the train and the fall of 
these piers is so striking that we must suppose the train 
to have assisted in causing the accident. On the other 
hand, the fall of two groups of four spans subsequently (as 

pears probable) to the fall of the five-span group, seems 

to indicate that the limit of stability of the bridge was 
néarly reached under the action of the wind pressure alone. 
Hitherto the increased straining action which caused the 
fall of the bridge has been commonly assumed to be the 
additional wind pressure on the side of the train, but unless 
the wind pressure was very high the weight of the train 
would increase the stability of the piers almost as much as 
the extra wind pressure dimini it. It is impossible to 
determine exactly what the wind pressure on the train may 
have been because of its sheltered position inside the main 
girders. There is unother way in which the train alters 
the stability of the piers to which it seems desirable to call 
attention. The girders are stated to have been in con- 
tinuous groups. When the train was on one span of such con- 
tinnous = the stability of the piers of that span is in- 
creased by rather more than the weight of the train and 
the stability of the other piers is diminished. Probabl 
the continuity in this case was not quite perfect, but with 
the train on the last span but one of a group the stabilit 
of the terminal pier of the last span yd have been ” 
in consequence of the continuity of the girders, by from 
5 to 15 per cent. 
The train has been found, I believe, half over the last 
span and half over the last but one of the first group of 
girders. It seems reasonable to suppose that it may have 
advanced over the last span during the giving way and fall 
of the bridge. In that case it was over the last span but 
one of the first continuous group when the bridge gave R 
and in that case the stability of the termi hav of the 
group would be least. 





In estimating the wind pressure on the bridge the 
methods adopted do not seem very rational. Onl: 
ment will decide precisely how the wind pressure : 





forced down }in. at one corner, namely, on the reverse or 


provisional assumption it would seem reasonable to suppose 
that if the booms and bracing occupied lin of the gross 
m 


area of a girder, then ( 1 Es ) tt of the wind would pass 
m 


through and strike the second girder. If the calculation 
is made in this way it will be found that the pressure on 
the sheltered girder is even more considerable than in your 
estimate in articles on the bridge.* 

A quite extraordinary misconception of the action of the 
wind come under my notice within the last few days. 
In a rather careful article on the bridge it is stated that 
the wind streams passing through the open spaces of the 
bridge would be contracted to six-tenths of the area of the 
spaces. The writer, therefore, proposes to add four- 
tenths of the area of the open spaces to the area of the 
projection of the bracing bars in calculating the area 
subject to wind pressure. But this is altogether erroneous. 
t be easy to show that the coefficient of contrac- 
tion in this case would be greater than 0.6. Waiving this, 
however, if a hole of area w is made in the side of a vessel 
at a point where the pressure is p, not only is the total 
pressure on the side of the vessel less than before by the 
whole quantity p w (and notas the writer criticised assumes 
by 0.6 p w), but it is still further reduced for some distance 
round the orifice in consequence of the velocity acquired by 
the streams approaching the orifice. In one well-known 
case the diminution of pressure reaches 2 p w. 

The fundamental assumption of all the estimates of the 
wind pressure on the bridge hitherto made is a rather crude 
one. The assumption’is that the projected area of an 
irregular structure such as a bridge, on a plane normal to 
the wind’s direction, is equivalent to and will be subject to 
the same pressure as a simple smooth thin plate like that of 
a pressure anemometer. This, however, is by no means the 
case. When a stream of air strikes a thin plate it produces 
an excess of pressure on its anterior surface and a deficiency 
of pressure behind it. The whole pressure on the surface as 
measured by most instraments consists of the sum of 
these two which appeared in certain experiments to bear to 
each other the ratio of from 10:4 to 12:7; thus of a total 
pressure of, say, 60 lb. measured by a pressure anemometer 
from 37 to 48 will be the anterior pressure, and from 17 to 
22 the negative pressure in the wake. Now when any 
solid body is substituted for a thin plane the formation of 
the vacuum at the back is interfered with, and the resultant 
pressure is by so much reduced. 

On the other hand, the direct pressure on a structure, 
such as a bridge, must be greater than on a thin plane in 
consequence of its irregular form. ‘The two vertical plates 
of the hollow trough-shaped boom, and (I presume) the 
double set of bracing bars, the six columns of the piers 
would all receive some impact of wind. Any estimate of 
wind pressure on so irregular a structure from the known 
pressure on a thin plate must be a very rough one. 

Could not an experiment be made on a girder 20 ft. or 
30 ft. long, which should give a coefficient of correction 
enabling us to deal a little more rationally with such cases. 
A storm cannot be commanded at will, but a steady stream 
of water would answer even better. Suppose such a girder 
suspended by ropes in a stream of ascertained velocity. 
By measurement of the inclination of the ropes or by other 
means, the total pressure of the stream on the girder could 
be determined. ‘Then the pressure of a wind stream on a 
bridge would be the same function of its velocity and 
density that the pressure of the water stream was of its 
velocity and density. One girder hung behind another 
would enable us to determine the sheltering effect of the 
windward on the leeward girder. Further it would be 
very useful to determine the effect of a stream slightly 
inclined to the normal to the girder, and striking the brac- 
ing bars of both the vertical webs. 

Iam, Sir, yours truly, 

Cooper’s Hill, January 24, 1880. W. C. Unwin. 

THE STABILITY OF BRIDGE PIERS. 
To THe Eprror or ENGINEERING. 

S1r,—May I ask an tion, through your columns, 
of one point, which, in your otherwise excellent article on 
the ‘‘ Stability of Bridge Piers,’’ rather knocks me over? 
It is this: in the 2nd in that article, the centre of 
pressure on the base of t ier should be evidently the 
vertical projection of the centre of gravity of the triangle 
m fb on the base, that is a point ata distance of } m b 
from b.. Now, the resultant of the wind pressure and 
weight must , a8 you have shown, through the point h, 
pte one w imagine that this would be the centre of 
pressure. What I fail to see is why these two do not 
agree. ‘They do coincide in the 1st , and I cannot 
see why they should not in the 2nd. I shall be much 
obliged if you, or any of your readers, can help me out of 
this diffioul ty. : 

Ian, Sir, yours truly, 
January 26, 1880. M. Paot, Jun. 

[We print the above letter because the difficulty which 
our correspondent has met with may possibly have been 
experienced by other readers. - This difficulty has arisen 
t neglecting the tensional strain re. 
° 72 a4 a pos 
mf 6 represent (neglect- 

ins of 429 tons and 2079 tons Seupoctively, 

being the sum of the 429 tons tension and 

1650 tons the weight of the pier and its load. The force of 
2079 tons acts under the centre of gravity of the triangle 
m fb, and balances the force of 429 tons acting above the 











centre of gravity of the le eam, and that of 1650 
tons acting vertically at as 4 E.] 

@ thi ‘essor Unwin has for the momen‘ 

° the fact that the lee girder is i shielded 

train as well as by the windward . Allowing for 

his wind on the lee girder will 





buted over the windward an 


d leeward girders. 
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THE TAY BRIDGE; TERMINAL PIERS OF LARGE SPANS. 
(For Description, see Page 92.) 
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GAS ENGINES. 

To THe Epiror or ENGINEERING. 
S1r,— Allow me space fora eg Ae 
of Mr. Robert Wilson and Mr. J. Emerson Dowson. Mr. 
Wilson’s remarks are very valuable in showing how the 
peculiar action of the improved “ Otto’’ engine contributes 
to keep the cylinder at a moderate temperature, and so 
saves wear and tear. But the danger of deterioration is 
more to be feared for the slide valve and face, and this 
would seem to be the opinion of the manufacturers, as they 


supply a duplicate slide valve with each ; I believe the 
wil ny ont orig ly name cyli ata very 1 
percen' on the cost of engine. 

The real objection to the “‘ Otto , asmade by 
Messrs. Crossley, is its first cost. With connexions, this 
is for an engine of one horse power over 1001. This ma 


not be high for a piece of - way nen Har well made an 
finished as that lied by the Manchester firm, but it is 
high compared with a steam engine and boiler. One of 
Mr. Bourne’s be ge horse er (actual) could be had for 
this money, and other ers’ six horse power (nominal), 
but yielding much more power, can be had for about the 
same money. But for many seating mechanics and small 
manufacturers, and for ordinary domestic purposes, the 
price 1001. is prohibitory. Moreover, the lubrication with 
sperm oil is expensive—in one case I know of, quite half 
the cost of the gas employed. ’ ; 

Mr. Wilson proposes the pound weight instead of the 
cubic foot measure asa unit for gas, principally upon the 
ground that 1 1b. of any ordinary gas represents an equal 
calorific value. Now this last —— is by ro means 
established. One old experiment of Dr. Letheby’s is the 
only authority for it, and Dr. Wallace’s more recent ex- 
periments seem to me to contradict it, ney if inter- 
preted in the way in which I read them. Four of the con- 
stituents of coal gas are hydrogen, light carburetted hydro- 
gen, olefiant gas, and carbonic oxide, and the numbers of 
thermal units given out by the combustion of 1 lb. of each 
are respectively 62,000, 23,500, 21,340, and 4320. When 
the value of a pound of the constitutents varies so much, I 
can scarcely believe that in the combinations of them equal 
weights will represent equal thermal values. I have used 
the cubic foot as a unit because it is most generally under- 
stood. Theoretically, it is of no moment whether we use 
weights or volumes, for each is easily translated into the 
other. But, practically, if gas is to be distributed, the 
volume, and not the weight, is what we have to consider 
for it ison the former that the dimensions of mains and 
other distributing apparatus — d. 

Mr. Dowson’s objection is this. In comparing gas and 
steam engines he thinks that I should take into account the 
solid fael from which the gas was produced. I think he 
seems to forget that gas is not the only product of the dis- 
tillation of coal. The coke and tar represent a far greater 
amount of unexpended calorific energy than the gas. On 
a rough calculation we may put down the following as the 
products of 11b. of coal with the thermal units they would 


yield : 
4.2 cubic feet of gas at 7009... = 2940 6 
0.45 Ib. of coke forsaleat13,5009 = 60750 
0.05 lb. of tar at 16,000 4(?) ... = 800 
9815 


Thus nearly 10,000 4 are accounted for out of the 14,000 
the coal should yield. These 4000 units are expended in 
bringing the coke in retort up to a red heat, in volatilising 
the ammoniacal liquor, the tar, and the other hydrocarbons, 
and giving them the heat which the 8 give up in 
the condensers, in maintaining the ht in the flues and 
chimney, and in warming the air of the retort-house by 
radiation from the settings. The value of the liquor and 
that of the tar (beyond its worth in fuel) would pay for the 
4000 units not accounted for in the calculation above. 

From calculation and observation I believe that 2800 6, 
or one-fifth of the heat, passes away by the flues and chim- 
Hy ; and many ho ago an attempt was made to utilise 
it for the production of steam. I do not know that this is 
tried anywhere at present. Here is room for an inventor. 
If even of the fifth could be utilised, it would represent 
the total heat of 160,000 tons of coal in London alone, and 
I see no good reason ry this should not be saved. 

am, Sir, truly yours, 
: Denny LANE. 
72, South Mall, Cork, January 26, 1880. 





To tux Epiror or EnuGrneerine. 
Sir,—The letter of your correspondent Mr. Openshaw, 
on this subject, =e such deep Gacwted of it, that the 
readers of your excellent journal must feel they have ens- 


tained a great loss, in the fact that the ‘‘ essay’’ he intended 
to favour you with still remains unpublished. 
Your correspondent ‘‘has been grea muzzled at the 


smali efficiency of the gas engine itself ;’’ this sentence is 


not easy to tand, but taken in unetion with the 
fact that he has been trying to cal the maximum 
temperatare, I presume he considers efficiency of 
Crossley’s engine as small when with that of a 


perfect engine, working between the same limits of tem- 
perature, This is no doubt a fact; so compared its 
efficiency is small, but compared with what may be ex- 

cted from the best engine working under the same con- 


itions it does not show such a di q 
i , t's letter shows that he, 
at least, does not realise this fact. He says, ‘‘{ am the 
more strengthened in this opinion’ (viz., that the ter 
part of the gas does not burn) “from the fact that the 


greater the to which the mixture of air and is 
subjected, the smaller the 2 of gas used.’’ ff Mr 
Openshaw known that the efficiency of Crossley’s 
engine, is the same as that of a perfect engine working 
between the M5 ure of the atmosphere and the tem- 
perature to which the mixture ts compressed, he would not 


g 
friendly eriticiams 








of gas engines 
one not well understood, and with your permis- 
sion I will endeavour to find out the theoretical efficiency 
‘ Crossley’s engine, taking my data from an indicator 
iagram in my possession. 

The fi raveneaie a theoretical diagram for Crossley’s 
engine, differing slightly from the actual one because of 
the cooling effect of the water jacket, the influence of 
which I do not propose to take into account. 

The curves D A and B U, representing compression and 
expansion without gain or loss of heat, are adiabatic curves 
(in the actual dia DA is not quite so steep as an 
adiabatic line, while B C falls more rapidly, being under 
the natural adiabatic starting from B). D represents at- 
muspheric pressure, and the volume of the mixture before 
compression, A, pressure and volume after compression, B 
after explosion, and C after expansion. 


B 


Cc 








In my diagram A is about 2} atmospheres absolute, 
adopting the usual notation : ’ . 
Pa =pa X 2} 

par 
k 2 yf08 =2} 
and : r=1.917. 

The ratio of the volume D to volume A, which is also the 
ratio of volume C to volume B, is therefore 1.917. Now: 


Pa also equals 


1 J 
Ta = Ta rf =Tar 
Taking 
Ta = 60 deg.=atmospheric temperature, 

a Ta = 60 deg. + 461 deg.—521 deg., absolute, 

an 
To = te x 1.917 “8 =521 x 1.9174 =680 deg. 

r> can certainly not be measured accurately as the 
temperature of explosion, since the water jacket will absorb 
an unknown quantity of heat, but approximately the mean 
temperature at B is measured by the pressure. This, in my 
diagram, is 10 atmospheres, being just four times pa : 


T) =f, PP = ty x i Ta x 42720 deg. absolute, 


Pa 


To _ 2720 960 deg. absolute. 
7408 1.304 

This temperature for c is greater than obtains in practice, 
that shown on the indicator diagram by the pressure being 
about 1563 deg. But as this is due to the cooling effect of 
the jacket, so much the worse for the engine, it would be 
better if it rejected the waste } ogy at 2080 deg. instead of 
1563 deg., since the odd 517 deg. is wasted in the water 


‘= 


jacket. 
ip ogy J to the discussion of the theoretical diagram ; 
the whole heat received is during the explosion, repre- 


sented by the operation A B, and by the rise in tempera- 
ture from 680 deg. to 2720 deg., being a rise of 2040 deg. 
The heat rejected is represented by C D, being the fall 
when the gases at the end of the stroke escape into the 
atmosphere. The fall is from 2080 deg.==r to 521 deg.— 
Ta or 1559 deg. 
The heat utilised is proportional to 2040—1559=481. 
The whole heat used is proportional to 2040. 


Therefore the efficiency= pa =.235, not very glaringly 


disproportionate to .183, the efficiency shown by the actual 
consumption of gas. 

The efficiency .235 may also be obtained from the tem- 
perature of the atmosphere, and that of the mixture after 
compression, being the efficiency of a perfect engine work- 
ing between these limits, or 

Ta —Ta_680—521_159_ 





Te 680 680 
The efficiency of a perfect engine working between the 
~ extreme limits which C. ey’s engine shows, would 
Th—¢a —2720—521_2199__ 
Th 2720 «2720 


And the consumption of gas by such an engine very little 
over 44 cubic feet per horse power per hour. 
I am, Sir, yours obediently, 
London, January 19, 1879. 








HARDENING STEEL. 
To THE EpiTorR oF ENGINEERING. 

Srtr,—The interest in the subject of hardening steel 
which, notwithstanding the sound letters of ‘“‘ Chemicus’’ 
and Mr. Tucker in your issue of the 12th ult., in 
your columns owing to the intervention of the holidays, 
will be rekindled by your publication of Herr Akerman’s 
essay on the subject 


The paper by Mr. Witine on “ Iron and Steel at High 
Temperatures,” as published by you in October last, has 
been referred to in this discussion ; but upon examination 
it does not appear to afford the information with res to 
the scaling of steel which it was said todo. The on- 
stration in the first part of the paper that under the in- 
fluence of repeated heatings the volume of wrought iron is 
reduced beyond what may be accounted for from scaling, 
and that concurrently with this the density, instead of re- 





maining constant, is actually decreased, is, we imagine, a 
matter of great importance. It points to a dissipation of 
something ponderable from within the iron treated, and 
also to a different state of tension within the interstices 
between the iron molecules, if the latter are assumed to 
own unvarying volume at a given temperature. If this is 
so far correct, what was eliminated during the experiments ? 
The heat seems not to have been enough to liquate any 
intermixed slag of ordinary constitution sufficiently to ooze 
out. Were occluded gases drawn off, or was carbon 
searched out and withdrawn by an oxidising atmosphere (if 
that was the condition of the heating furnace), or by its 
oxidation resulting from decomposition of the water in which 
it was quenched, or what ? 

If Mr. Wrighton’s results are in part referable to the 
removal of 0.2 to 0.3 per cent. of carbon which his treated 
specimens might have contained, then they have a direct 
bearing on the subject of steel hardening, by illustrating 
the locomotive tendencies of carbon diffused through iron 
when heated under ordinary conditions. That carbon in 
some of its forms will readily desert iron under certain 
conditions, is shown by the decementation process of steel 
making practised in Styria, and elsewhere for making iron 
castings eable; and also by the workman’s occasional 
practice of submitting any piece of blister steel of too high 
carburisation for welding purposes to heat for an hour or 
two in a hollow fire whose flame is slightly scaling, after 
which treatment it will weld to his satisfaction. 

The proposition which Herr Akerman endorses that 
carbon is capable of existing in three conditions, and that 
simultaneously, in steel will command the attention of all 
his readers. is explanation that hammering by virtue 
of the “‘ more powerful compression exerted’’ than results 
from rolling, favours the conversion of cement-carbon into 
hardening-carbon, a rs in a measure anomalous, because 
steel when hardened is not so dense as when soft ; never- 
theless it is more than probably correct, possibly from the 
percussive action of the hammer tending to arrange the 
molecules into a certain state of juxtaposition. At first 
sight it explains to us the beneficial effects we have observed 
from copious hammering down to a certain temperature, 
while making such highly carburised tools as mill picks 
and cutters for chilled rolls. 

In the comprehensive list of conditions which influence 
the process of hardening, cited by Herr Akerman, relating 
in the main to the fluid for cooling, we think the fluid’s 
mobility, but more especially its decomposition (as in the 
case of either water, oil, or tar), while in contact with the 
steel might have been included. The author of the 
** Manual of Mining Tools’’ (published by Lockwood) treats 
therein upon the probable influence of some of the dis- 
sociated elements of the fluid—as, for instance, the oxygen 
in water and carbon in oil—and founds upon these pro- 
babilities what seems a reasonable explanation of the 
marked difference in the effects of water and oil hardening. 
In a note at the end of the book there is also a reference 
made to the influence of the spheroidal condition of water 
in hardening. 

While on the subject of media for rapidly cooling steel, 
we call your attention to a case of interference with the 
ordinary course. We are making, among other things, 
picks from a compound bar consisting of a steel core en- 
cased by wrought iron. For mining picks of a given 
weight, the bar is, say, lin. square outside, with a steel 
core of }in. square, one-fourth of the area being thus 
steel. These bars are drawn down to smaller cross sec- 
tions in the pick-stems, and the iron pared from the points 
to expose the steel there. 

For foreign mines we heat the picks throughout their 
length to a suitable degree, and quench in cold water with 
the result of procuring a core of the right pitch of tempered 
hardness for work by this one operation; and the core 
requires to be no more hardened or tempered while it lasts 
in use. Insome kinds of ground the core thus treated 
always keeps pointed in work, while in other kinds an oc- 
casional touch on a ope is needed, but no further 
treatment in the smith’s hearth. In bardening these picks, 
as will be seen, the water does not come into contact with 
the steel except at the points. Here, therefore, is an ex- 
ample of suc hardening through a medium of 
wrought iron, which does not respond to some of the con- 
ditions enumerated by Herr Akerman. The satisfactory 
endurance in work of pick cores so hardened we had attri- 
buted to the steel in them possessing a higher proportion 
of carbon than is found in the steel of welding temper or- 
dinarily used for pointing picks; but since the perusal of 
Herr Akerman’s paper we have concluded that a bene- 
ficial influence is exerted on the carbon in them while 
hardening, from the pressure exerted by the antecedent 
contraction of the wrought-iron envelope, supplementary 
to the hammering ey in drawing out the stems. 

Your readers will find in ‘‘ Ede’s Treatise on the Ma- 

ment of Steel’’ (published by Tweedie and Co.) many 
uable facts sated about the metal, and necessary 
precautions in working it; and also useful information 
in “Overman’s Treatise on the Manufacture of Steel,” 
published in Philadelphia. 

Yours truly, 


: Tue STEEL-HEART TOOL CoMPANY. 
Bristol, January 21, 1880. 





AvusTRIAN Rariways.—The Austrian Government has 
proposed to the Austrian railway companies to establish 
a reciprocal insurance union. As from January 1 this year 
the Austrian Government undertakes the management of 
the Crown Prince Rodolphe Railway. A new Austrian 
law on railways guaranteed by the Austrian Treasury 
authorises the Austrian Government to assume the manage- 
ment of all lines which have required the advance of more 





than half the guaranteed income during a period of five 
years, 
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NOTICES OF MEETINGS. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, February 3rd, at 
8 p.m. Discussion upon “Fixed and Movable Weirs,” and time 

rmitting, the following paper will beread: “Iron and Steel at 

ow Temperatures,” by Mr. J. J. Webster, Assoc. Inst. C.E. 

INSTITUTION OF SURVEYORS.—Monday evening, February 2nd, 
adjourned discussion on Mr. W. L. Huskinson’s paper, entitled, 
‘*The present Depression in English Agriculture; its real and 
— Causes,’ will be resumed. The chair to be taken at 

o'clock, 


ENGINEERING. 


FRIDAY, JANUARY 30, 1880. 














TELEGRAPHIC ENGINEERING IN 1879. 


In dealing with the general advance of telegraphic 
engineering during 1879, there are two divisions of 
the subject under which it may be considered, viz., 
first, the extension of works, and secondly, the im- 
provements in the apparatus and means employed. 
As regards the postal telegraph system which forms 
the greater part of all telegraph lines in England— 
the rest being the wires used for railway signalling 
—there has been very little extension of the lines, 
yet 94 new stations have been opened, There has, 
however, been a constant advance in the perfection 
of the apparatus ; Wheatstone’s automatic supeis 
has been duplexed on numerous circuits, and trans- 
lating relays have been placed at the ends of all 
submarine cables in circuit on automatic circuits, 
which has increased the speed 100 per cent. 
Quadruplex has been extended also to several circuits. 
The iron wire used for the overground lines has 
now to be of a specified conductivity, of a certain 
tensile strength, and to stand a specified torsion, 
and yy the German wire drawers can supply 
wire for the outer covering of submarine hie 
delivered on the banks of the Thames cheaper than 
our midland manufacturers, they cannot supply the 
wire of the quality required by the Post Office as 





cheaply as English makers. In the underground 
wires the Post Office now adopt, wire with only 
a single covering of gutta-percha, and a new 
mode of making the joints in the gutta-percha 
covering by an apparatus invented by Mr. Truman, 
has been tried with success and is likely to be adopted. 
A new four-conductor cable has been laid by 
the Post Office between Port Patrick and Donag- 
hadee to replace the old one; defects have been 
repaired in the cable between the Welsh coast and 
Wexford, and 45 miles of new cable are being 
manufactured by the India-Rubber, Gutta-Percha, 
and Telegraph Works Company for the renewal of 
a part of this line. The Shetland Isles and Orkney 
cables have been repaired. A system devised by 
the Post Office engineers and electricians of indi- 
cating the rise and fall of water in water reservoirs 
at the engineer's office situated away from the 
reservoir, has been adopted at the Nottingham and 
Southport Water Works, and it is to be fitted at 
other similar places. In a general way the year as 
re the Post Office telegraphs has been one 
of steady progress without any important exten- 
sions, 

The first establishment of telephone exchanges in 
England marks this year’s history of telegraphic 
progress. ‘The Telephone Company established 
about two years ago for the supply of Bell’s tele- 
phone for private circuits, has, since August of this 

ear, established telephone exchanges in London, 
1, Manchester, Glasgow, Dundee, Birming- 
ham, Bristol, Leeds, Sheffield, Bradford, Halifax, 
&c. The London subscribers amount to 250. The 
central station is at 36, Coleman-street, and each 
subscriber can, by calling the central station and 
demanding to be switched through to any particular 
member, be thus placed in speaking communication 
with such subscriber. ‘The lines are mostly carried 
over houses, but some wires to Westminster are 
carried along the Metropolitan District Railway. 
The instrument used is Blake’s transmitter, which 
is a microphone and induction coil with battery in 
primary circuit, and secondary connected to-line, 
and a Bell’s telephone for receiver. Besides the 
circuits for the telephone exchanges, the company 
have put up some fifty circuits in London and else- 
where for private firms, including the General Post 
Office, several dock and railway companies’ offices, 


ive 


C. 

The Edison Telephone Company, of London, 
central office 11, Queen Victoria-street, was estab- 
lished this year early in September for a similar 
purpose, Edison’s telephone being employed, This 
instrument, which we have fully described, consists 
of the Edison carbon receiver and the Edison chalk 
cylinder transmitter; its articulation is loud and 
clear, but it requires to have the chalk cylinder re- 
volved by hand. Besides the central station there 
are stations at 34, Eastcheap, 77, Cornhill, and 6, 
Lombard.street, and arrangements are being made for 
stations at Westminster, Temple, and Pall Mall. The 
wires are mostly overhead, but some are to be carried 
to Westminster in the Metropolitan Board of Work 
subways. The company has already forty subscribers 
to the Victoria-street centre, sixteen to Eastcheap, 
and ten to Lombard-street. One of the circuits 
from Victoria-street extends to Beulah Hill, Nor- 
wood, and amongst the various private circuits 
established by this company is one between Brighton 
and Littlehampton, 22 miles in length. 

As regards submarine telegraph engincering, 
the extensions have been considerable. We may 
first mention the submarine line from Aden to 
Durban laid for the Eastern and South African 
Telegraph Company. This cable was constructed 
and laid by the Telegraph Construction Company, 
and consists of four sections, namely : 


Nautical miles. 
Natal to Delagoa oo ae oo 345 
Delagoa to Mozambique - ded 969 
Mozambique to Zanzibar. oes 625 
Zanzibar to Aden eee eae 1902 


3841 

It was completed on Christmas Day; the core 
consists for the three first sections of a conductor of 
107 lb. of copper and 140 Ib, of gutta-percha to the 
nautical mile, and the long section, of 250 lb. of 
oa and 250 lb. of gutta-percha to the nautical 

ile. Messrs. London and Lucas were the engineers, 
and Mr. Laws the electrician on the part of the 
Construction es atthe ure g of the cable, and 
Mr. Forde and Mr. Hockin, of the firm of Clark, 
Forde, Hockin, and Taylor, were the engineers 
on the part of the Eastern and South African 
Company. 








The duplication of the Eastern Extension Com- 
pany’s system from Penang to Port Darwin in 
Australia, is also a work of great magnitude which 
has been commenced this year and three parts com- 
pleted. This when completed will be as follows : 


Nautical miles. 
275 


Penang to Malacca ... ob ooo 
Malacca to Singapore ... vid oe 116 
Singapore to i (Java) ... 920 
Banjoewangie to Port Darwin 53 1180 
2491 


The core of this cable is composed of 107 lb. of 
copper and 140 lb. of gutta-percha. Of these the 
three first sections are cl on and the rest of the 
cable is about to be laid by the ss, Seine. ‘Lhe 
whole of this work is contracted for by the 'Tele- 
graph Construction Company, Mr. Riddle being the 
engineer in charge on their part, and Mr. Herbert, 
ian on the part of Messrs, Clark, Forde, Hockin, 
and Taylor, engineers for the Eastern Extension 
Telegraph Company. 

In both these works two new features have been 
introduced which should be marked as dating from 
the year 1879. The first isa means of grees 
the gutta-percha insulating medium from the borings 
of the teredo, and other marine insects which have 
been found to attack the core in shallow seas, and 
more particularly in the cable between Singapore 
and Batavia, very many faults having been thus 
caused. The protection consists of a thin tape of 
brass laid round the core, which has first cotton tape 
wound round it to form a bed for the brass tape, 
and prevent the delicate gutta-percha from injury 
by the edges of the brass tape. Over the brass tape 
another layer of cotton tape is placed to keep the 
former from buckling open. ‘This covering is 
again served in the usual way with jute forming the 
bed for the outer wires, In both the duplicate 
Australian and Cape cables, wherever the cable lies 
in shallow water, the core is thus protected. The 
second novelty isin the deep-sea portion only; it 
consists in placing cotton tape saturated in preserva- 
tive compound, round each of the homogeneous iron 
wires separately in order to protect them further 
from rust, the whole cable being further sur- 
rounded, as is now usual, with two layers of broad 
tape wound in opposite directions and covered with 
preservative compound. The covering of the wires 
separately with tape is, it should be remarked, only 
new as regards its being adopted for deep-sea cables, 
as it was adopted in shallow water on the present 
Post Office cable between Holyhead and Dublin 
cable laid in 1871. 

A cable for the German-Norwegian Telegraph 
Company was laid by the Telegraph Construction 
Company between Arendal, in Norway, and Hoyer, 
in Schleswig. The cable is 252 nautical miles in 
length, abd has three conductors each of 100 lb. of 
copper and 126 lb. of gutta-percha per nautical mile, 
covered with twelve No. 5 iron wires galvanised, 
and protected with two layers of tape and com- 

mi The company also made 120 miles of cable 
for the New Zealand Government, which was 
shipped in the s.s, Kangaroo with some of the cable 
for the Aden-Zanzibar section of the Cape cable, 
and will be laid by that ship. Mr. W. H. Preece 
was consulting and Mr. F. C. Webb inspecting, 
engineer, for this cable, which was ordered by 
telegraph from New Zealand through Sir Julius 
Vogel, the Agent-General. 

The whole of these works, comprising 6704 miles 
of cable, mark the most busy year even of the Tele- 
graph Construction Company’s existence. The 
company have also this year added to their fleet the 
magnificent steamer Scotia, formerly the well-known 
Cunard paddle steamer, and now converted into a 
twin screw. She is 4666 gross, and 293] net tonnage, 
she is 379 ft. long, with engines indicating 2500 horse 
power, and she has carried a dead weight of 4300 
tons. She has water-ballast tanks for 780 tons,a nd 
carries three cable tanks below her main deck. The 
vessel is fitted with two picking-up gears complete, 
and these are placed on the main deck, the tops of the 
drums protruding through hatches in her spar deck. 
This, both as re the machines being on the main 
deck, and being in duplicate, isa novelty dating from 
1879. She has also duplicate drums to her paying-out 

, and has also steam-steering gear. e vessel 

been fitted under the supervision of Mr. Clifford 
and Captain Halpin, and is decidedly one of the 
finest cable ships afloat. She went to Singapore, laid 
her full cargo of cable, and came back in 3 months 
and 17 days, having steamed 17,850 miles with an 
average daily consumption of 88 tons. The other 
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ships of the Construction Company engaged on the 
Australian and Cape works were the 


Gross tons. 
Seine ... ove ove eee ov oe 3578 
Calabria ose eve si see 3325 
Edinburgh os ee 2315 
Kangaroo... ose see ose eee 1773 
The short lines of telegraph necessary to connect 


the ends of long submarine cables with the telegraph 
office in tropical climates have for a long time pre- 


sented great difficulty. Whether put underground or | 8088 


overground, their insulation was always unsatisfac- 
tory, and the difficulty has only been overcome by Mr. 
L. Clark’s suggestion of placing the insulated wires in 
ipea kept filled with water. ‘This year thissystem has 
n adopted at Malacca (2123 yards), Banjoewangie 
(114 miles), Penang, four wires (1 mile), Singapore, 
three miles. Aden was thus fitted in 1876. 

The Eastern Telegraph Company have laid a cable 
in the Levant from Karystos to Attica, 134 nautical 
miles. They have this year bought and fitted out 
a new repairing ship, the Retriever, of 459 gross 
tonnage. She has two double tanks, making avail- 
able space for four different types of cable. The 
company possess besides two other repairing ships, 
the John Pender, 1166 gross tonnage, and the 
Chiltern, 1304 gross tonnage. 

The Eastern Company have this year duplexed, by 
the Muirhead and Taylor system, the Porthcurno 
and Lisbon section, having previously duplexed the 
Porthcurno and Vigo, the Marseilles and Malta, 
Malta and Alexandria, Suez and Aden, and Aden 
and Bombay lines. 

The Eastern Extension Company have duplexed 
the Madras and Penang cable, by the Muirhead and 
Taylor system. 

As regards Atlantic telegraphy, the year is marked 
by the laying of another Atlantic cable from Brest 
to St. Pierre, and from St. Pierre to Cape Cod, with 
a branch from St. Pierre to Lewisburg, Canada. 
The contractors were Messrs. Siemens Brothers, and 
the cable was laid for the Compagnie Francaise du 
Telegraphe de Paris ) New York. The cable was 
laid from the ss. Faraday, belonging to Messrs. 
Siemens, and the Pouyer Quertier, a ship built as a 
repairing ship for the Telegraph Company. The 
contract for this cable was signed in April, and 
the whole work, 3000 miles, completed in seven 
months. No details concerning this cable are 
available, but itis to be noted that it is the first 
Atlantic cable that has been laid having a repairing 
ship already provided by the time the cable is laid, 
so as to oa the hiring a ship at great cost and 
delay when the cable breaks This is a step 
in the right direction. 

The Anglo-American Company’s Brest and St. 
Pierre cable (commonly called the French Atlantic) 
broke down in February, and was repaired in August 
by Captain Walsh in the company’s repairing ship 
Minia. The company duplexed, by Stearn’s system, 
their 1874 cable in Marc , Since when it has been 
regularly working duplex, giving 80 per cent. more 
capacity for work. The apparatus for duplexing 
the 1873 cable has just arrived at the stations, and 
will be at once applied. The Duxbury and St. 
Pierre section has just been duplexed and gives 
double capacity of work. 

The directors of the Anglo-American Company 
have decided to enter at once on a contract for 
laying a new cable in the summer of 1880, the 
company having a reserve fund of 412,268/. be- 
sides 364 miles of cable in stock, and good cable ex- 
tending 180 miles from Heart’s Content and 60 
miles from the Irish side. The new cable will be 
spliced on to these good portions. The cable will 
be of an improved type to prevent the decay of the 
protecting wires by rust, and it is possible that the 
plan to be adopted will consist of homogeneous iron 
wires each separately covered with gutta-percha, 
as patented in 1855 by the late Mr. Samuel Statham, 
then the manager of the Gutta-Percha Company. Ex- 
——— are still being carried on on this important 
subject, 

he Direct United States Telegraph Company 
have been during the year experimenting with the 
Muirhead and Taylor duplex on their long section 
cable 2422 miles. On the section between Torbay, 
Nova Scotia, and Rye Beach and New Hampshire, 
560 miles, the Allan and Brown relay used with the 
ordinary Morse, has been adopted since August with 

ect success, and has replaced the mirror, the 
working being as fast as the clerks can operate. 

The West India and Panama Telegra Seen 
has this Ce ordered 100 miles of cable from the 
India-Rubber, Gutta-Percha, and Telegraph Works 


own. 


Company, for the repairs of their system. ‘They are 





also building a new repairing ship to be called the 
Grappler, to replace the Investigator, disabled and 
conlened by the bursting of her boilers last year. 
She will be 200 ft. long and have three cable tanks. 
The Government Indo-European Telegraph, viz., 
from Teheran to Bushire, and from Fao to Kur- 
rachee in the Persian Gulf, have made no extensions 
this year, but sent out in the summer a new repair- 
ing ship, called the Patrick Stewart, of 1016 tons 
and four cable tanks. This ship was fitted 
with the Siemens electric light. They have also 
during the year put up several thousands of Johnson 
and Phillips’ insulators, having an internal lip filled 
with oil, on the Bushire and Teheran line and the 
Mekrau.coast line, as the results of some trials on a 
small scale last year were thoroughly satisfactory. 
Allan and Brown’s relay is being tried on this line. 

The Western and Brazilian Company’s cable from 
Para to Rio Janeiro consisted of a conductor insu- 
lated by Hooper’s process with india-rubber, and 
protected by homogeneous iron wires separately 
covered with Manilla hemp, a type of cable commonly 
called ‘‘ Atlantic type,” and intended for deep 
water only, the cable having originally been 
manufactured for crossing the Atlantic. It was 
laid along the coast, in many places running into 
shallow water, and in these places faults have 
occurred. It has thus been found necessary to 
renew it in many places with cable having a sheath- 
ing better adapted to the depth, and a section having 
a gutta-percha covered conductor sheathed with 12 
No. 8 iron wires has been adopted. The steamship 
International, belonging to the India-Rubber, Gutta- 
Percha, and Telegraph Works Company, has been 
employed during the last year at this work, and has 
renewed about 800 miles, Some faults are attributed 
to the india-rubber core, but it is stated that in the 
deep water this core remains perfect. Four 
hundred miles more of the cable with close iron wire 
sheathing is to be ordered at once for further re- 
newals. 

A cable has been laid from Marseilles to Algiers 
by the India-Rubber, Gutta-Percha, and Telegraph 
Works Company for the French Government under 
the direction of Mr. Robert Gray, the company’s 
8.8. Dacia being employed. A cable manufactured 
by the same company was laid for the Russian 
Government across the Caspian Sea, 147 miles, 
being the first telegraph cable laid across this inland 
sea, The cable was taken out to Cronstadt in the 
8.8. Great Northern, and transhipped into barges 
there. The India-Rubber Company have also 
manufactured about 40 miles of cable for torpedo 
purposes for the Chinese Government, and have also 
made a large number of telephone transmitters, &c. 

Mr. Henley, of North Woolwich, laid a cable 
from Spain to the Balearic Islands for the Spanish 
Government in the s.s. Lightning. 

The Great Northern Telegraph Company com- 
menced building a new repairing ship for the 
repair of their North Sea cables. 

The cables on the west coast of South America 
belonging to the West Coast of America Telegraph 
Company, have been cut in several places by the 
belligerents, The company have a repairing ship 
called the Retriever, Captain Benest, and some 
repairs have been executed under great difficulties, 
the belligerents interfering with the execution of the 
work. 

One of the greatest novelties in electrical instru- 
ments brought forward during 1879 is the writing 
telegraph of Mr. E, A. Cowper, C.E, Nothing re- 
sembling this instrument had been introduced before, 

The meeting of the Telegraphic Congress in Lon- 
don this year forms an important event in tele- 
graphy, although scarcely appertaining to telegraph 
engineering. ‘The delegates were shown over the 
Government departments and various contractors’ 
works, and were entertained every day in some 
form under the superintendence of the reception com- 
mittee appointed by the Post Office and the tele- 
graph companies, and a_ brilliant conversazione 
was given in their honour by the Society of Tele- 
gra h Engineers under the peters of Colonel 

: v. Bateman Champain, R.E., at the Interna- 
tional Exhibition Building, South Kensington, 





THE TAY BRIDGE. 

During the past few weeks ago a number of 
engravings have appeared in various illustrated 
journals purporting to represent the wreck of the 

ay Bridge. scarcely any of these illustrations, 
however, ing any approach to accuracy of 
detail, while many can only be characterised as the 








results of a vivid imagination. In a case like this, 
where so much is to be learned by a careful exami- 
nation of the remains of the structure, we have our- 
selves deemed it best to defer publishing engravings 
until we could place accurate representations of the 
wreck before our readers. This we are now able to 
do, It will be remembered that we stated in a former 
article, that the Court of Inquiry appointed by the 
Board of Trade arranged fora series of photographs 
of the fallen piers to be taken before the comevel of 
any of the wreck, and in accordance with these in- 
structions a set of fifty photographic views were 
during the week before last taken by Messrs. James 
Valentine and Sons, of Dundee. These photographs 
comprise a view of each of the standing terminal 
piers taken from the adjacent fallen piers, and four 
views of each of the twelve fallen piers, namely, 
one view taken from each of the adjacent piers north 
and south of it, and one from the extreme east and 
another from the extreme west point of each pier 
itself. By the courteous permission of the Board of 
Trade and the Court of Inquiry we have been 
enabled to procure a set of these photographs, and 
from them we have selected seventeen views for 
engraving, as showing fairly the state of the 
wreck. Thirteen of these, showing the fallen 
piers, we print this week in our two-page en- 
graving, while on page 88 we give two others 
showing the terminal piers of the large spans, and 
on the opposite page two more showing views of 
piers Nos. 7 and 9. In addition to these we also 
give on page 89 a view of the fallen girders near 
piers Nos, 1 and 2 prepared from a photograph taken 
by Messrs. Valentine during a very low tide. 

Our remarks in describing these photographs 
are, of course, our own, and must not be considered 
as in any way indicating what will be the opinion 
arrived at by the court, or even what our own opinion 
will be when all the evidence is available. The 
present article will be merely a description of the 
engravings, supplying in words information obtained 
from a careful and protracted examination of the 
wreck, and verified by the other views in our 
possession, and now before us. Our remarks will 
be to some extent recapitulatory, but they will be 
now better understood from the engravings. 

The piers which failed, consisted, as we have 
stated in former articles, each of a group of six 
cast-iron columns, four of these being 15 in., 
and the remaining two 18 in. in diameter, each of 
the columns (both 15 in. and 18 in.) being made, in 
the case of the higher columns, of seven lengths 
10 ft. 10 in. long united by flanges. In some 
of the piers a less number of lengths were used. 
The columns were filled with Portland cement con- 
crete, and they were braced together. by horizontal 
and diagonal bracing, the full details of which we 
have still to learn. The 15-in. columns were placed 
in pairs 12 ft. apart at the bottom and 10 ft. at the 
top in the direction of the length of the bridge, 
while transversely they were 9 ft. 10 in. apart 
throughout. The 18-in. columns were placed singly, 
one on each side bearing near the point of the 
hexagonal pier of brick and masonry, their bases 
being 21 ft. 10 in. apart from centre to centre trans- 
versely to the bridge, and their tops 19 ft. 10in., 
each column raking inwards 1 ft. 

The diagonal bracing consists of flat iron bars 
44 in. by } in., there being at the lower end of each 
a plate on each side 3 in, thick, with gib and two 
tapered cotters. The diagonals are attached to cast- 
iron snugs by a bolt 14in. in diameter, the snugs are 
lin, thick, 1} in. apart, the hole in the snugs is 
13 in, in diameter. 

The horizontal bracing consists of two bars of 
channel iron 6 in. by.24 in. by $in., back to back, 
2} in. apart. There are horizontal diagonal ties of 
1} in. round iron screwed at each end, with two nuts 
at each end attaching each tie to a cast-iron quadrant 
bracket, which is held in its place by the same bolts 
which fix the channel iron pieces. 

In our previous articles we have assumed that the 
broken part of the bridge lay exactly north and 
south, we adhere to this without verification merely 
for convenience of description. The faces of the 
hexagon forming each pier will therefore be dis- 
tinguished as N., N.E., S.E., S., S.W., N.W. re- 
spectively, as before. 

inning at the south end, Fig. 14, 88, 
shows the last standing pier crossed by the train. 
The travelling rails are seen projecting about 3 ft. 
over the planking, the quest rails are seen bent 
down and inclined to the east. The main rail on 
the east side is little if at all bent, that on the west 
is considerably bent and it carries its fishplates, 
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THE TAY BRIDGE; REMAINS OF PIERS Nos. 7 AND ». 


The ends of the fallen girders were carried on rollers, 
resting on the shelves shown a little below the road- 
way. One side of one roller frame is seen on the 
stones of the pier a little to the west of the north- 
east column base. The piece of plate iron which con- 
nected the ends of the lower booms of the standing 
girders over this pier is also on the stones of the 

ier, The bracing of this pier is apparently all 
intact, except what has been broken by the end of 
the west girder which seems to have fallen nearly 
vertically over the centre of the pier to about the 
top of the second column from the top, and then to 
have swung out to the north and east. Falling 
pieces have carried away the round diagonals also 
below that. 

Fig. 1 of our two-page engraving shows pier 
No. 1 as seen when looking north. If we dis- 
tinguish the diagonal flat iron bracing as E. or 
W., according as the upper end is nearer east or 
nearer west, then the E. diagonals will be ties 
to resist lateral motion towards east, and vice 
versa. There are seven of these diagonals de- 
tached at the lower ends on these two tiers of 
columns, five of them E., two of them W. The 
stonework shows that the west corner has been 
lifting ; the cracks are shown on the top of the pier 
in another photograph not engraved by us. 

Fig. 2 shows pier No. 2 looking south. The six 
foundation plates are intact, with fragments of 
column ends on the east sides of flanges. Three of 
the columns are on the pier ; the top ends of these 
columns are highest, The top stone at the west 
—- shows that it has been just beginning to 

t. 








Fie. 17. No. 9 Prer, tooxrina WEsTWARD. 


Fig. 3 shows pier No. 3 looking’ north ; one {tier 
of columns standing, the top’ flanges of E. column 
and N.W. column broken, and two of the E. diagonals 
detached at lower ends, The stonework has not 
moved. 

Fig.. 4 shows pier No. 4 looking north. The 
engine and carriages are in the girder lying along- 
side of this pier, between pier 4 and pier 5. The 
weight of the train would be principally on this pier 
when the bridge fell, and the appearance of the 
débris heaped up on this pier seems to indicate that 
the lowest tier of columns gave way first. 

Fig. 5 shows No. 5 pier a north, Fig. 6 
shows the same pier lookingsouth. ‘The westcorner 
stones are shown lifted. The holding-down bolts 
of the foundation’plates are 13 in. in diameter over the 
thread, and they are increased to about 3 in. in the 
second stone, but they terminate at the second stone, 
and there is no bolt to connect the second and third 
courses of stone. The columns on the pier are the 
lowest two tiers. It is said to be on this pier that 
the first length of girders butted to the second length, 
both on rollers and not connected together. It may, 
however, turn out to be not on this pier, but on 
No. 4, that the two lengths were butted. There 
seems to have been a good deal of alteration in the 
designs as the work progressed, and we are as yet 
really without positive evidence as to where the 

oups of girders joined, although during the inquiry 
freld at Dundee, the fifth pier was referred to as one 
on which the junction of two groups occurred. The 
divers say that the girder between No, 4 and No, 5 
piers is now standing as it was on the ge while 
the girders south of that are lying the east side 





down. If the butting were on No. 4 pier the 
problem would be in some respects easier to solve. 

Fig. 7 shows No. 6 pier looking north. The 
stones are not lifted, but the west corner stone has 
been just beginning to move. The east sides of 
column flanges are still on the foundation flanges. 

Fig. 8 shows No. 7 pier looking south. As in 
No. 6 the stones are not lifted, but the west corner 
stone has been just beginning to move. The east 
sides of column flanges are here also still on the 
foundation plate flanges. Another view of No. 7 
pier looking westward is also given by Fig. 16 
on the present page. 

Fig. 9 shows No. 8 od looking south ; this pier 
is similar to Nos, 6 and 7. The columns shown are 
the first two lengths from the base. 

Fig. 10 shows No. 9 pier looking north. The west 
corner stones are here lifted to a greater extent 
than on No. 5 pier. Some of the holding-down 
bolts are broken at the joint between the two stones 
and the turned over west foundation plate is broken 
at the lower corner. Another view of No. 9 pier 
looking west is also given in Fig. 17 above. 

Fig. 11 shows No. 10 pier looking south. The 
west corner stones have been lifting. The lowest 
tier of columns have broken through the bottom 
flanges, leaving portions of these flanges still on the 
foundation pieces; generally it is the east segment 
of flange that remains. 

Fig. 12 shows No. 11 pier looking north. 
The stones are very much disturbed and several of 
them away on the south side, from the middle of 
the south-east face round by south to the middle 
of the north-west face, All the stones except that 
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under the east column have been also less or more 
disturbed. 

Fig. 13 shows No. ]2 pier looking south, The 
west top corner stone is away, while those next to it 
have moved and the stone below it is split at the bolt 
holes ; the outer portion of it is also away. 

Fig. 15 on page 88 shows the standing pier at the 
north end of the gap. This has been already fully 
described by us at page 33 ante. The pieces de- 
scribed by us as “cast-iron crosses,” when we 
viewed them from the top of the pier are what we 
afterwards found to be cast-iron quadrant brackets 
for the ends of the horizontal diagonal ties, The 
piece to the right at the top is a board added since 
the accident to carry a beacon lamp. As in the 
south standing pier the end of the girder in falling 
has cleared away the horizontal ties, &c. 

The view on page 89 shows what is uncoycred at 
low water of the submerged girders betwee : No. 1 
and No, 2 piers. The flooring of the gir ‘cr is 
shown driven up, probably by falling first o: the 
ends of the standing columns, The girder is seen 
to be here lying with its eastside down, parts of 
some of the cross girders connecting it to the lee 
side girder being visible. 








COAL WASHING. 
(Continued from page 42.) 

WE may now pass on to consider what has been 
done in the mechanical preparation of coal by the 
Besstges Coal Company under the care of M. 
Marsaut, and record some of the practical results 
arrived at. 

Beginning with the preliminary sizing by riddling, 
we will then examine as succinctly as possible the 
several appliances for coal washing that have been 
successively adopted or constructed at the mines 
with which M. Marsaut is connected. These ap- 
pliances comprise : 

1. The old piston jiggers at Bességes. 

2. The portable Bérard washer in its original 
form, 

8. The portable Bérard washer modified for 
treating coal of the size of eggs or chestnuts. 

4. The coal washing apparatus at Moliéres, 

5. The new Marsaut washer. 

The importance of the preliminary sizing by 
riddling, before washing, has been fully seen from 
the theoretical considerations already dealt with. 
The earliest riddles at Bességes, dating from 1850, 
were simply inclined gratings with square mesh, de- 
livering three sizes; egg coal above 1}in., to be 
cleaned by hand picking ; chestnut coal from 1} in. 
to } in., to be cleaned by washing ; and all smaller 
stuff passing through the } in. mesh to be washed 
separately. ‘The riddled stuff was loaded by shovels 
into the wagons. 

The first improvement was effected in 1863 by 
substituting simple cylindrical screens in place of 
the inclined gratings. These screens were each 64 ft. 
long and 3} ft. in diameter, revolving on a hori- 
zontal shaft, and the stuff shovelled into a feeding 
spout at one end was carried along the length of the 
sereen by a creeper or spiral fixed inside, of 1 ft. 
pitch, ‘The total travel of the stuff over each screen 
was thus 38} ft., the first 16 ft. being over a 1 in. 
mesh (25 mm.), then 12 ft. over a } in. (20 mm.), 
and lastly 104 ft. over a 14 in. (40 mm.). The 
several classes of stuff so separated were delivered 
either upon a picking table or into hoppers for 
facilitating the loading into wagons or barrows. 
The two first meshes gave the stuff for washing 
without any separation into two sizes; the third 
mesh of 14 in. gave the chestnut coal, while the 
egg coal was delivered from the end of the 
screen. The 1 in. mesh was placed first, preced- 
ing the } in., with a view to facilitate the riddling 
of the stuff on entering the screen, at which point 
the quantity to be dealt with is the largest. 

At Bességes these screens were used exclusively till 
1876, and are still working at Molitres. They have 
thoroughly stood the test of practice, and when the 
stuff is shovelled into the feeding hopper by hand in 
the ordinary way, each screen can easily deliver 
100 tons per day of ven hours. Those at Moliéres 
have since 1870 been supplied by tipping direct from 
the wagons by hydraulic power, thereby saving the 
attendants all this labour, while also increasing the 
quantity to 150 tons per day. These simple screens 
are nevertheless attended with the disadvantage of 
giving the egg coal the longest travel, and of being 
rather short for working wet slack. 

A brief description of these works, which are 
illustrated by Figs. 1 to 6 on pages 84, 85, and 96, 
will be in place here, Fig. 1 is a plan of the screen- 





ing and washing plant at the Moliéres collieries. It 
comprises a building about 30 ft. wide and 100 ft, 
long, having a wing at ‘each end some 20 ft. 
in width and 70 ft. in length. It is on two 
levels, the upper one being that of the ground 
for the wing of the building, and somewhat 
lower for the main. portion, and. the other 
9 ft. 2in. below, The building is covered by a timber- 
framed roof, as shown by thesection. Steam power 
is supplied from a 40-horse Belleville boiler (75, 
Fig. 1) supplying two steam engines (76), which 
drive the revolving screens, the hydraulic pumps, 
and the washing-apparatus. The working pressure 
of the hydraulic apparatus is 64 Ib. per square inch. 
One engine of 18-horse power suffices for this 
threefold duty. The diameter of cylinder is 13.78 in., 
the stroke 23.6 in., and the working pressure is 42 Ib. 
to the square inch. The speed at which this engine 
is driven is 33 revolutions per minute. The loaded 
coal wagons are run from a lower level on to the 
stage, which is raised and lowered by the hydraulic 
hoist ¢, Fig. 4. The wagons are thus lifted to the 
upper or ground level of the building, and are passed 
along the rails 77 upon the tipping hydraulic plat- 
form 78, which is actuated by an inclined ram shown 
in section in Fig. 3. The contents of the wagon are 
thus emptied into the hopper 79, Figs. 1 and 3, and 
thence they pass to the revolving screens 80, which 
are driven with a speed of fifteen or sixteen turns 
per minute. These screens have three deliveries, 
first into the large hopper (83) placed beneath and 
receiving the small coal from both screens, being the 
small fragments passing through a l-in. mesh; 
second, from the forward compartment of the screen, 
consisting of pieces from 1 in. up to 1.6 in., which is 
collected in wagons, and afterwards raised by a lift 
to a washing apparatus of a modified Bérard type ; 
and, third, of pieces of 1.6 in., and above, delivered 
into wagons for subsequent cleaning and consump- 
tion, The small coal falling into the hopper 83, is 
conveyed by an endless band on to the buckets of the 
noria shown in Fig. 4. This elevator delivers it into 
the hopper 84, whence it falls into the wagons 85. 
These are drop bottom wagons of about 54 cubic feet 
capacity, and they carry the coal to the washers shown 
in the plan, Fig. 1. There are six sets of washing ap- 
paratus (91, Figs. 1 and6), supplied by the wagons 85, 
which as shown in Fig. 2 run on a pair of rails laid on 
a platform forming a partial story above the washing 
floor. ‘These wagons discharge their contents into 
the hoppers 86, one of which is connected with each 
washer. The hopper terminates in a distributing 
roller 91, which feeds the coal into the reservoir 
87, containing the agitating piston. These reservoirs 
and the washing apparatus will be described in 
detail later on, so that for the present we may con- 
fine ourself to the general indications given on the 
drawings. ‘The pistons are driven at the rate of 33 
strokes a minute by eccentrics on the shaft 89, pass- 
ing underneath the reservoir, and their movement 
can be stopped by means of the controlling wheel 
90. After the coal has been sufficiently subjected 
to the action of the water to separate from it the 
schist, slimes, &c., with which it was mixed, it 
leaves the reservoir, and is fed forward by the 
screws 92to an elevator 93 (Fig. 5), which conveys 
it to a staging outside the building as shown in the 
same section. On its way to this staging a portion 
is discharged into the hopper 95, and so to wagons 
beneath. It will be seen from plan, Fig. 1, that one 
elevator is employed for each pair of washers, the 
delivery screws being right and left,handed. The 
schists are removed from the opposite side of the 
washer by a small elevator 99, which throws them 
into a hopper 101, and thence into a wagon placed 
below. ‘The slimes are taken out either through 
the opening 102, or they fall into the hopper 103, 
and thence into the subway 104, ‘The reservoirs 
are kept supplied with water from the service 105, 
and are cleaned out by the valve 106. 

The arrangement adopted in 1863 has been con- 
siderably improved at Besstges by the introduction 
in 1877 of inclined double or “ twin” screens (to be 
illustrated hereafter), consisting of two concentric 
screens, one inside the other, with an annular space 
of Sin. between, the outer cylinder being 4 ft. 7 in. 
in diameter and the inner 3 ft. 3in., and each only 
53 ft. long. They are coupled together in pairs, sothat 
each pairmay be readily supplied bya singlehydraulic 
wagon tipper. The inner screen, of 1}in, (38 mm.) 
square mesh, carries two parallel spirals fixed inside 
it of 3 ft. pitch, dividing the stuff into two portions ; 
and the egg coal delivered from the lower end after 
a travel of only 20 ft. is received on a picking grate 





of longitudinal bars 2 in. apart, on which the largest 


—_ of coal are picked out by hand; the rest 
alling through the grate into a hopper is thence 
conveyed away in a wagon to be picked elsewhere. 
The outer screen, of 3 in. square mesh, carries a 
spiral of 1}ft. pitch fixed in the annular space, 
giving the chestnut coal a travel of 42 ft. for clear- 
ing it of all smaller sized stuff. What falls through 
the mesh of the outer screen is received on a “ save- 
all” or flat sloping riddle, oscillating rapidly, and is 
thereby: separated into‘peas and duff. This ‘save 
all” makes 150.oscillations per minute of }in. extent, 
it is made very light to avoid shocks, and is hung by 
steel strips, so as to have no joints exposed to the 
dust, As itreceives only the smallest sized stuff it 
has no heavy work to do. It is made of a plate 
perforated with round holes, which can be changed 
in five or ten minutes, either for renewing it when 
worn out, or foraltering the size of the holes, or for 
temporarily throwing it out of use in the case of 
stuff that is too wet to be further separated. 

The distinctive features of the new arrangement 
are : Owing to the coupling of the screens in pairs, 
the wagons bringing the stuff to them can be more 
rapidly discharged by the automatic tipping appa- 
ratus, while at the same time the supply can be 
regulated at pleasure, wet stuff for instance being 
supplied at a slower rate, and 400 tons can without 
difficulty be riddled in ten hours by one man or boy. 
Five different sizes of stuff are separated within a 
very confined space, which is covered in so as to 
retain the dust; while the whole of the apparatus 
is left readily accessible for examination and at- 
tendance or repair. ‘The different products are 
severally delivered into hoppers, which facilitate 
loading them into wagons, and are large enough to 
allow of the riddling process being continued during 
the intervals of changing the wagons. The travel 
of the egg coal being reduced to a minimum 
diminishes its breakage; while the considerably 
longer travel of the chestnuts and smaller sizes 
favours their more complete separation from one 
another. The actual result of the successive im- 
provements has been a reduction in the cost of 
labour, of riddling and loading into wagons from 
about 1.2d. per ton on the old inclined gratings, 
to 0.6d. in the ordinary screens supplied by shovel, 
or 0.4d. with hydraulic tipping, and to less than 
0.2d. per ton in the double screens with hydraulic 
tipping ; the men earn one-third more wages with 
much less labour. 

The classification effected by the double screens is 
based on the data furnished by the theoretical con- 
siderations previously considered. The riddling is 
purposely kept separate from the washing apparatus. 
It is thought preferable in practice, and even more 
economical, for the stuff from the riddles to be 
delivered into wagons, and so conveyed away to 
wherever it is desired, anda-single wagon-lift is pre- 
ferred to the multipli¢ity of bucket elevators ordi- 
narily employed. The work is thus carried on 
better and more conveniently , the various machines 
are more independent of one another, and more can 
be got out of them. Their independence is an ad- 
vantage of much value in regard to regularity of 
working, and in relation to the conditions affecting 
the driving of the various riddles and washing ma- 
chines. The old works at Bességes, which turn 
out from 200 to 250 tons of washed coal per day, 
have now accordingly been rearranged, so that the 
riddling may be carried on throughout the day, in- 
dependently of the washing, or vice versé; anil 
more especially that the washing may be continued 
during the night while the riddling is at a stand- 
still, so as to double the production of washed coal 
without occasioning the slightest addition to the 
expense of attendance for the preparatory process of 
riddling. 

The importance of such arrangements in opera- 
tions of this nature may be judged from the fact that 
the labour cost of riddling, transporting from the 
riddles, and delivering into the washing apparatus, 
which previously amounted at Bessé¢ges to about 
2.5d. per ton with the old inclined gratings, and 
1.8d. with the ordinary screens, does not now exceed 
0.6d. or 0.7d. per ton ; the men make longer hours, 
but the work is less heavy upon them. 

(To be continued.) 








ErRatTum.—In a letter on the Tay Bridge, addressed to 
us by Mr. Malcolm M. Paterson, and published on page 68 
of our last issue, by a printer’s error the first part of the 
final sentence is made to form the conclusion of the one pre- 
ceding. The last paragraph should therefore be read, 
** As to the effect of orifices on wind pressure the theory 





suggested by Mr. Fidler,’’ &c. 
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NOTES FROM THE NORTH. 
GuLascow, Wednesday. 

Glasgow Pig-Iron Market.—The first business reported 
last Thursday morning was done at 73s. 3d. one month, 
but the buyiug was soon exhausted, and large parcels were 
then pressed on the market down to 71s. cash, and the 
market closed in the afternoon with buyers at 71s. lid. 
cash and 71s. 9d. one month, and sellers askirg 14d. per 
ton higher. Friday’s warrant market was very ackward, 
anda rumour which prevailed on Thursday that some of 
the makers would be reducing prices was found to be true, 
as a reduction of 6s. per ton on No. sherrie was 
announced on Friday forenoon by Messrs. William Baird 
andCo. That brand, a very favourite one in America, 
stood at 90s. per ton rather more than two weeks ago, and 
at the beginning of last week the'price was 87s. 6d. 
Warrants, chiefly if not entirely in sympathy, came down 
23. 3d. per ton, making a decline of 3s. 3d. per ton onthe 
two days. Business was done in the forenoon at 71s. 3d. 
to 69s. 9d. cash, and at 71s. to 70s. one month, the market 
closing with buyers at 69s. 6d.cash and 70s. one month, 
and seliers asking 3d. per ton more. In the afternoon 
from 69s. 6d. to 68s. 9d. cash, and from 70s. 14d. to 
69s. 44d. one month were the quotations, the market 
closing with buyers at 69s. cash and at 69s. 6d. one month, 
and sellers 3d. more, being 1s. 3d. under the previous 
week’s closing quotations. The warrant market opened 
dull on Monday, and prices at one time were 1s. 3d. down ; 
part of the fall, however, was recovered, and by the close 
the decline was reduced to 6d. under last week’s final 
quotation. Business was done in the morning at from 
68s. 9d. to 67s. 9d. cash, and from 69s. 3d. to 68s. 6d. one 
month, closing with sellers at the lower prices, and buyers 
offering 3d. per ton less. Quotations ranged in the afternoon 
from 67s. 9d. to 68s. 6d. cash and from 68s. 3d. to 69s. one 
month, and the market closed with sellers asking 68s. 6d. 
cash and 69s. 14d. one month, and buyers offering 683. 4}d. 
cash and 69s. one month. Yesterday’s market opened 
quiet, then took a slight upward spurt, but closed weak at 
ls. under Monday’s closing quotations. There were 
transactions in the morning at from 68s. 9d. to 
69s. 44d., and then down to 68s. 74d. cash, and 
69s. 6d., 70s., and 69s. one month, the close being 
buyers at the lower figures, and sellers 3d. over. In the 
afternoon from 68s. 6d. to 67s. 6d. cash and from 68s. 9d. 
to 68s. one month were the quotations, the market closing 
with sellers asking 67s. 6d. cash and 68s. 14d. one month, 
and buyers offering 67s. 4}d. and 68s. 4}d. and 68s. cash and 
one month respectively. The warrant market opened flat 
this forenoon, when business was done at 67s. 3d. cash, 
receding to 67s., and quickly improving to 67s. 9d., at 
which prices remained, sellers asking 67s. 10}d. The after- 
noon market was also flat, buyers 67s. 9d. cash, and sellers 
3d. per ton more. There is now a moral certainty that, 
for a time at least, a decided pause has arisen in the de- 
mands from America ; and itis a fact, also, that in con- 
sequence of the difficulty of getting shipping for the 
States, even at the high freightage rates offered, several 
parcels of special brands have been resold at prices far 
below the makers’ quotations. It was but natural, under 
these circumstances, that a lull and drooping tendency in 
warrants should be looked for. The example already re- 
ferred to as having been set by the Gartsherrie firm has 
since been followed by several other makers, and conse- 
quently there is now a very general reduction in the price 
of special brands. On the question of freights it may be 
mentioned that two sailing vessels were fixed for the 
United States last Friday, at 17s. 6d. per,ton, for 3000 tons 
of pig iron. Additjonal blast furnaces have been blown in 
at Gartsherrie, Portland, and Ardeer Iron Works, and the 
total number now in actual operation is 108, as compared 
with 89 at this time last year. At Gartsherrie Iron Works 
where the close-topped system is making further progress, 
there are no fewer than fourteen blast furnaces in full 
operation, giving a daily production of fully 400 tons ; and 
even with that enormous daily “‘ cast,’ the stock on hand 
is being speedily reduced. The stocks in Messrs. Connal 
and Co.’s warrant stores stood at 432,085 tons last Friday 
night, showing an increase for the week of 3070 tons. Last 
week’s shipments of pig iron amounted to 7566 tons, as 
against 6331 tons for the corresponding week of January, 
1879. 


The Forth Bridge—Proposed New Bill.—It is an- 
nounced to-day that the statutory notices providing for 
the introduction of a Bill into Parliament enable the 
Forth Bridge Railway Company to lower the height of the 
bridge will be published in a few days. The Bill will pro- 
vide for the structure being lowered 15ft., the change 
being made from 150ft. to 135 ft. above high-water mark. 


It has also been determined that the renewed examination | ha 


and consideration of the plans for the bridge, which has 
been agreed upon, shall carried through only by the 
engineers who drew up the original report in 1873. It was 
at first arranged that a gentleman connected with large 
iron and steel works in England should be invited to act 
along with these engineers. This arrangement, however, 
has net been effected, owing to the inability of this gentle- 
man to undertake the duties ; and the vacancy in the com- 
mission caused by the death of Mi. G. P. Bidder, which 
this other appointment was intended to fill, will accordingly 
not be supplied. The gentlemen who will act will be Sir 
John Hawkshaw, Mr. W. H. Barlow, and Mr. T. E. 
Harrison, associated with whom for special inquiries will 
be, as before, Professor Pole and the Astronomer-Royal. 
No steps will be taken in the investigation till it is seen 
whether any recommendation is made by the Court of 
Inquiry on the Tay Bridge disaster as to the amount of 
wind pressure that must in future be provided against, or 
as to any other point. 


Rumoured Extension of the Highland Railway.—lt is 


so as to enable the Highland system to compete successfully 
with the Caledonian, when the latter is ear to Oban, and 
has its fleet of steamers plying to the Hebrides. 


James Watt Anniversary Celebrations.—No fewer than 
four celebratioas of the anniversary of the birth of James 
Watt have recently taken place. First, there was the 
Association of Foremen Engineers of Glasgow and the 
West of Scotland, who, under the chairmanship of Mr. A. 
D. Bryce, general manager of Fairfield Engine Works, 
had their usual dinner in St. Enoch Station Hotel, Glasgow. 
Next, there was the annual meeting and dinner of the 
Glasgow Renfrewshire Society, at which the toast of ‘*‘ The 
memory of James Watt’’ was proposed in eloquent terms 
by the Sheriff of Lanarkshire. A dinner, at which the 
same toast was submitted, was also held by the Watt Club 
of the Watt Institution and School of Arts, Edinburgh. In 
Greenock, Watt’s native town; the anniversary was held 
in a totally different fashion. The Philosophical Society 
of that town, meeting in the Watt Institute, followed an 
old-established practice, which is that of securing some 
eminent cultivator of science to deliver a lecture upon some 
subject more or less closely connected with Watt's inven- 
tions and discoveries ; and on this occasion they had invited 
Professor Balfour Stewart, of Owen’s College, Manchester, 
who chose as his subject ‘‘The Sun and the Earth viewed 
as Engines.”’ This lecture was delivered last Friday 
evening. 

The Electric Light adopted for Shipbuilding.—A few 
days ago Messrs. Robert Napier and Sons made an experi- 
ment with the electric light, during the morning and even- 
ing hours, in lighting up the new store ship which they are 
at present building for the Admiralty. The test proved so 
satisfactory that the firm have erected a second machine 
and lamp for use in the building of the large new steel 
steamer Parisian, for the Montreal mail service of Messrs. 
J.and A. Allan. Recently both lights have been in use 
for nearly two and a half hours in the morning and two 
hours in the evening. The two lights in the open yard are 
very brilliant, and quite sufficient for working with. 


Launch of a Gun Vessel on the Clyde.—On Monday 
afternoon Messrs. John Elder and Co. launched from their 
shipbuilding yard at Govan the first of three vessels which 
were lately entrusted to them by the Admiralty. The 
Rambler is a single screw composite gun vessel, one of the 
larger class intended for the protection of merchant 
property on foreign stations. Her dimensions are as 
follows: Length between perpendiculars, 157ft.; breadth 
(extreme), 29 ft. Gin. ; depth of hold, 14 ft. 5in.; draught 
of water forward, 10 ft. 6in., aft, 13ft., mean, 11 ft. 9in. ; 
displacement, 774 tons. She will be armed with two 64- 
pounder muzzle-loading rifle guns, one of them being a bow 
and the other a stern chaser ; and in addition she will have 
a 90-cwt. broadside gun. The vessel is constructed with a 
full poop and forecastle, a hull of iron framing and steel 
plating tthe steel being from the works of the Steel Com- 
pany of Scotland), planked with a double thickness of East 
India. teak, 3.in. thick, fastened with yellow metal and 
copper bolts, and sheathed with copper to the water line. 
Her engines, which have already been constructed by the 
firm, will indicate 750 horse power. They are of the two- 
cylinder type, the diameters of the cylinders being 32 in. and 
54in. respectively for the high and low pressure, and the 
length of ‘stroke is 2ft. According to the specification, 
the Rambler is not due off the stocks till the 26th of June. 
The next vessel on the list is the same in every particular 
as the Rambler; but the third vessel—a composite paddle 
steamer—also building in Fairfield Yard for Her Majesty’s 
Government, and to be called the Niger, is intended for a 
despatch boat, she has a length of 160 ft.; breadth, 25 ft. 
Gin. ; and depth, 9 ft. 10 in. ; with engines to indicate 480 
horse power. She will also be armed with two bow and stern 
chasers, and four broadside guns. The Niger will be con- 
structed with hurricane deck and double awnings, with 
decks of East India teak, and, therefore, suited for service 
in tropical seas. She is constructed with iron frames, steel- 
plated, planked with a double thickness of teak, and 
sheathed with copper to the water line. For convenience 
in navigating narrow rivers, the Niger will be fitted with 
rudders both at stern and bow; and these are under the 
control of the steersman in the pilot-house erected above 
the hurricane deck. 








NOTES FROM SOUTH YORKSHIRE. 
; SHEFFIELD, Wednesday. 
An Expensive Cemetery.—Some time ago the Sheffield 
Burial Board resolved on purchasing a new cemetery, and 
have expended 30,0001. on it. This week the ratepayers 
ve to vote a further 16,0001. in order that the work 
may be completed. 


New Gas Works at Leeds.—The Leeds corporation is 
about to erect extensive gas works at New Wortley. In 
1876 they purchased a large piece of vacant land adjoining 
the present works, and pu enlarging the works in 
that direction. In deference to the wishes of the inhabi- 
tants in that part of the borough, however, the council 
promised if possible to obtain a site in another and less 
thickly populated district. They failed in doing that, an 
the corporation has reverted to its original scheme. It 
has adopted the block plan prepared by Mr. Woodall, gas 
engineer, and the digging out of the foundations is to be 
commenced immediately. It is estimated that two years 
will be occupied in the completion of the work. 

Improvements at Bingley.—The local commissioners of 
Bingley have decided on extensive street improvements, and 
propose applying to the Local Government for 
moneys to effect that purpose. 


Trade Items.—The improvement in the iron and steel 





rumoured that when the Skye Railway is acquired by the 
Highland Railway Company it will be extended to Kyleakin, 





trades still continues. Shares in some of the limited com- 
panies haye risen as much as 300 per cent. since the com- 


mencement of November. The excitement on the stock 
exchanges here during the past fortnight has been un- 
exampled. It is known that the companies properties 
have not improved to the amount represented by the price 
of shares, but public investors appear determined to have 
some benefit in the revival. The engineering trades are 
steadily improving, and all hands are employed full time. 





Cantor Lectrurges.—The second course of Cantor 
Lectures for the present session of the Society of Arts is on 
**The Manufacture of India-Rubber and Gutta-Percha,”’ 
by Mr. Thomas Bolas, F.C.S. The course commences on 
Monday, February 2, and will be continued on successive 
Mondays, till March 8. 


ABYSSINIAN WELLS.—We notice that Messrs. Le Grand 
and Sutcliffe, of the Magdala Works, London, have recently 
completed some rather important artesian well-boring opera- 
tions at Melton Mowbray and at Aldershot. At the former 
place a small Abyssinian well was first driven to a depth 
of 40 ft. intoa 15ft. bed of water-bearing gravel. This 
work was accomplished in nine hours. The presence of an 
abundant supply having thus been demonstrated, four 3 in. 
tube wells were sunk to a depth of 40 ft., and these were 
connected with a 6 in. cast-iron main. The supply thus 
obtained is about 12,000 gallons per hour, or 2000 gallons 
in excess of the estimated requirements for the Melton 
Mowbray new railway station for which the work was 
carried out. It has been determined to increase the daily 
water supply of the town of Aldershot by 100,000 gallons, 
and new pumping machinery is now in course of construc- 
tion, to be erected beside the existing pumping station, 
Pending the completion of this extension Messrs. Le 
Grand and Sutcliffe have been employed to sink an artesian 
well 240 ft. deep. This work, which was commenced about 
the middle of December last, will, it is expected, be com- 
pleted in a week or two. 


oo 





LIVERPOOL ENGINEERING Socrety.—This Society held 
its annual fortnightly meeting on Wednesday evening last, 
the 28th of January, at the Royal Institution, Colquitt- 
street, Mr. Alexander Ross, President, in the chair, when 
a paper on ‘‘ Feathering Propellers’ was read by Mr. R. 
R. Bevis, Jun. The author commenced by stating that 
the objects obtained by the use of feathering propellers had 
long been a desirable one, and that patents had been 
obtuined for them as far back as 1844. In pointing out 
the ——ae to be gained by their use, special attention 
was directed to the fact that the pitch of the blades could 
be altered to suit the various requirements of a vessel, and 
examples were given to show how effective this had been in 
many cases. When, in such vessels as gunboats and yachts, 
it was desired to use their sails only, it was shown to be 
most important that the blades of the propeller should be 
placed in a fore and aft line, so as not to allow the screw 
to become a drag on the vessel, and cause the latter to 
steer badly. ith the blades fore and aft the steering 
would not be interfered with, as they would form, as it 
were, a part of the dead wood of the ship, and nearly fill 
up the aperture, thus preventing the formation of cross 
currents about the rudder. Mr. Bevis then explained a 
model of the Bevis patent screw am, in which the 
blades are moved by gear within the boss, this gear being 
worked by a sliding rod through a hollow propeller shaft. 
Propellers of this description have been working upwards 
of ten years, and during that time had required no repair. 
It was pointed out as the result of several experiments that 
hollow shafts had greater strength than they were generally 
credited with. 

Stream Fire EnGinEs.—Some short time since Messrs. 
Merryweather and Sons received instructions from Her 
Majesty’s Office of Works to make a powerful quick raising 
steam fire engine for Hampton Court Palace. The engine is 
similar in design to those a to the Admiralty, and 

on the Russian war vessel Peter the Great, and by the 
French Marine Department. It is erected in an engine- 
house, and connected to the present system of water supply 
from the plans of Mr. Lessels, the engineer to Her Majesty’s 
Works Department. The water for the supply of the 
engine is led into a well close to the engine-house through 
10 in. and 12 in. supply pipes, the first arm from the canal 
in the garden, and the other from the water supply three 
miles distant. The water pumped by the engine is carried 
through 10 in. cast-iron mains, with branches about the 
ounds and palace, having hydrants at suitable distances ; 
attaching a hose to a hydrant at = part, the full 
force of the water can be made available. The official trials 
of the machinery took place on Tuesday last in the presence 
of Mr. Lessels and several other officials and gentlemen in- 
terested in the matter. Although the water was frozen in 
the boiler through the severe frost, steam was generated in 
four minutes from lighting the fire, and had increased in 
a second or two under ten minutes to the working pressure 
of 100 lb. on the square inch. The first performance of 
the engine was to work the large fountains, consisting 
of nearly 200 jets, which it did satisfactorily, throwing 
the water about twice the usual height. Inthe second ex- 


d| periment two large jets were employed, one 14 in. and the 


other 1 in. in diameter, the hose eo | attached to hydrants 
300 ft. from the engine-house, and the water projected 
across the basin. After this four jets were thrown over 
the great hall with good effect, the height reached bei 

considerably over 200 ft.; a spray nozzle was then used, 
which threw the water inavery gentle stream, such as 
would be desirable to use for the protection of pictures, 
tapestry, &c., from fire. The whole of the trials were ac- 
complished in a manner highly satisfactory to the officials. 
The steam pressure throughout was regularly maintained 
at 100 lb., the water pressure on the main varied from 
80 Ib. to 100 lb. according ;to the number of jets played. 








The engine-house i: a handsome structure. 
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ROLLING MILLS. 


On Improvements in Machinery for Rolling Iron and 
Steel Plates.* 
By Mr. Eowarp Hurcuinson, of Darlington. 
BrEroreE proceeding to describe the nature of the pro- 
posed improvements, it will be well to notice briefly the 
method generally adopted at present in rolling plates, as 
compared with that in use for producing flat bars, angles, 
x other sections. ; 
’ These latter forms of manufactured iron are produced by 
means of rolls with several grooves of gradually decreasing 
sectional area cut on their surfaces, so that generally two, 
and sometimes three pairs of rolls are required to contain 
the number of grooves or spaces necessary. Thus the pro- 
duction of large sections of angle, T, channel iron, &c., is 
very expensive on account of the first cost of the rolls, in 
cases where the section is an unusual one, and the quan- 
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words, whereas a pile of 6 cwt. woald be heavy enough to 
make a bar of given weight 12 in. wide, a 9 cwt. pile would 
be required to produce a sheared plate of corresponding 
dimensions. With plates at 81. per ton, and scrap iron at 31. 
per ton, this extra waste would amount toa clear expendi- 
ture of 50s. per ton of finished iron in waste of mate- 
rials alone. ; 

This difference of course decreases as the width of the 
bar or plate increases; because the proportion which the 
allowance for waste bears to the whole mass becomes less 
and less the wider the plate. In all cases, however, a very 
liberal allowance must be made to insure a sound edge ; 
notwithstanding which there is a very —_ loss in all plate 
mills due to the proportion of plates which, owing to defec- 
tive edges, will not cut to the size required. y 

In steel the difference in value between the finished plate 
and the scrap is of course greater than in iron ; and the re- 
sulting loss is more serious in the like proportion. 




















Fig.%. 


























This implies the necessity Set Goi of width in 
the pud bars, a difficulty which is usually got over in 
Belgium by — several narrow bars of variable width to 
form the tops and bottoms of the piles. Thus froma stock 
composed of 5in., 6in., 7in., and 8 in. puddled bars, piles 
of all widths above 10 in. could be nilt up, rising by 
inches. It is however impossible to admit that a plate so 
made, i.e., with a welded instead of a solid surface, can be 
so sound or so uniform in tensile strength across the grain 
as one produced in the ordinary jo : : 
Most Belgian mills, probably with a view to avoid ex- 
pensive complications, consist of only one pair of horizontal 


rolls working in combination with vertical rolls ; and these 
are usually in connexion with an ordinary plate mill. This 
prohibits a large production, as the rolls become too hot if 
the work is continuous. : 

The manipulation of the ps am mill is by no means a 
simple matter, nor can it be placed 


in the hands of inex- 



































tity of lengths required is not large. On the other hand, 
as the bar is rolled to its exact section, and in forming the 
pile no allowance need made for waste in shearing (ex- 
cept so much as is necessary to insure a clean end to the 
bar), the cost per ton rapidly diminishes with the increase 
in quantity produced. Ee 

Thus, of all forms of rolled iron, double-headed rails are 
the cheapest ; then follow the commoner sections of angle- 
iron, &c., used in shipbuilding, whilst the most expensive 
forms of all are the heavier sections of channel and joist 
iron, the cost of which is not only augmented by the ordi- 
nary difficulties attending their manufacture, but also, and 
perhaps to a still greater degree, by the smallness of the 
quantity required at one time. 

With plates another state of things exists, and totally 
different conditions have to be taken into account in esti- 
mating the cost of any given specification. Here the cost 
of the rolls is not to be considered, nor is the quantity 
required at one time of much importance. The chief point 
affecting the cost of production (sup sing the specifica- 
tion only to require plates of ordinary length, breadth, and 
thickness) is the variable proportion of waste in rolling 
plates of different widths and lengths, due to the fact that 
ay are not rolled, like bars, to their exact dimensions, 

ut betwen plain rolls, and therefore a certain width must 
be sheared off eack side as well as off the ends. 

In the trade a bar is supposed not to exceed 8 in. or 9 in. 
in width. All widths above this are taken as plates unless 
specially ordered as bars; most large bar mills now rolling 
bars up to about 12in. wide if required. Bars above this 
latter width become very expensive, chiefly on account of 
the number of rolls which would be required for interme- 
diate widths, as well as the ro number of sections 
of puddled bar which it would be necessary to provide. 
All above 12in. wide, and many under, are therefore 
rolled as plates, and sheared on the sides as well as the 


ends. The process may be described as follows. A pile is 
made of puddled bar and of scrap, the latter composed of 
the shearings off finished plates. The puddled bars are 


generally from 12in. to 18in. wide, the width being - 
lated to some extent by that of the finished plate intended 
to be produced. After being heated the rough pile is first 
put through blooming rolls, to close the edges, and to com- 
press and solidify the mass. It is then usually turned side- 
ways to the rolls, and put through the roughing rolls as many 
times as are necessary to bring it to the required width, 
allowing a margin for shearing, and for inaccuracies as 
to straightness, &c.; it is then turned again, and gradu- 
ally elongated, partly in the roughing and partly in the 
finishing rolls, until brought down to the required gauge, 
—— of its length. 

n order to insure a perfect plate, it is necessary to 
allow ~~ at least 3 in. on each side in a strip of fair length, 
so that for a 12-in. plate more than 30 cent. of the 
rough strip is cut to waste on the edges alone. In other 


* Paper read before the Institution of Mechanical 
Engineers. 
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In order to overcome these objections to the prevailing 
method of rolling plates, at least as rds narrow plates, 
the mill known as the ‘‘ Universal Mill’’ was devised. It 
has also been called the Belgian mill from its frequent 
adoption in Belgium. In this country it has not been gene- 
rally successful, owing chiefly, it is believed, to the objec- 
tion English workmen have to novel appliances, or rather 
perhaps to the difficulties which manufacturers in this 
country experience in adopting labour-saving machinery. 
The writer however has had an opportunity of judging of 
its merits during several months’ fair work at the Britannia 
Works at Middlesbrough-on-Tees. 

The construction of the Belgian mill is not in a strict 
sense of a complicated nature. When however we consider 
the t strength ——— for every part of this class of 
machinery, the rough usage, and the enormous cost of 
breakdowns and delay, we shall find that there are certainly 
more nage requiring careful adjustment about the Belgian 
mill t is consistent with the — economy in pro- 
duction ; in other words, if bars could be rolled in ordi 
rolls of the same widths as in the Belgian mill, the latter 
could not compete with the former in point of economy. 

As shown in Fig. 1, the Belgian mill is simply an ordinary 
mill with a pair of vertical rolls behind the horizontal ones. 
These catch the plate as it leaves the horizontal ro. 
compress the edges sufficiently to close and solidify them. 
The; surfaces of the vertical rolls move a little faster than 
those of the horizontal rolls. 

In practice it is not found desirable to compress the edge 
much more than is just about sufficient to preserve, without 

ing, the width; and the piles are generally made 
about the same width as the finished plate is intended to be. 
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perienced or unskilfal workmen. The slightest maladjust- 
ment of the screws, either of the vertical or horizontal 
rolls, will cause the plate to twist; whilst, if the vertical 
rolls are allowed to exercise 4 undue pressure on the 
edge, it becomes thickened to such a degree that the plate 
is sure to curve more or less the next time it is passed 
through the rolls, and any attempt to straighten it after- 
wards is generally useless. 

Under any circumstances the action of the vertical rolls 
is to a certain degree objectionable. The pressure, however 
slight, ‘has a tendency to open the edge, and the thicken- 
ing, which it is always difficult to avoid entirely, is for 
many purposes a serious drawback ; as for instance where 
a number of plates of uniform width are placed in juxta- 
position, as in the flange of a large girder. 

The difficulty of | the plates straight and the im- 
practicability of afterwards straightening them, as already 
mentioned, will always be an objection of greater or less 
importance to the general — of the Belgian mill. 
To these may be added its expense, a8 well in first 
cost as in maintenance. Perhaps however the most im- 

rtant point in its disfavour, my mad for rolling steel, 
is the limit to the width of plate that can be produced by 
it. Ifthe horizontal rolls are 6 ft. 6 in. long, and the 
verticals 2 ft. in diameter, 2ft. 6 in. would be the limiting 
width of plate for such a mill ; since the vertical rolls when 
opened to such an extent come in contact with the standards. 

his was the limit at the Britannia Works; and plates 
were rolled there 32 ft. long, by 2 ft. 6 in. wide, by # in. 
thick, with perfectly sound and straight edges. No ter 
difficulty seems to attend the manufacture of wide than 
that of narrow plates, except a tendency to buckle when 
the plate is very wide and thin. 

Fig. 2 shows housings or standards made of a form 
which permits the vertical rolls to separate so far that 
a plate with close straight edges could rolled almost as 
wide as the length of the horizontal roll. But it is clear 
that such an arrangement would still further compromise 
that simplicity which it is so desirable to maintain in ma- 
chinery of this kind ; besides which the = carrying the 
vertical rolls, owing to their increased length, would have 
to be of extremely massive proportions ; as indeed would 
every part of such a mill. 

The tendency already mentioned in wide thin plates to 
buckle, or bend up, between the vertical rolls would re- 
quire to be obviated, in plates much over 2 ft. wide, by 
some special contrivance. This has not yet been worked 
out, so far as the writer is aware; and, although it is 
obvious that such an appliance could be devised, this com- 
plication would add very materially to the objections which 


already exist. 
The advan of the Belgian mill may thus be said to 
be confined to establishments, where more than one 


plate mill is in constant operstion, and where a quantity 
sufficient for one mill of plates under about 2ft. 6in. in 
width may always be selected from the orders in hand. 
Under such circumstances a very considerable saving may 
be effected. Whether or not it could be profitably applied 
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to all classes of work is a problem which could be solved 
- at —~ considerable expense. a) 
igs. 3, 4, and 5 show the general construction of a sliding 
roll mill, cent bt map sey Mp a object as the 
Belgian mill without being open to any of the more serious 
objections to the use of the latter. "The construction of 
this mill may be thus described: The ordinsry rolls of a 
plate mill are removed, and in the same standards a pair 
are substituted of the form shown on the drawing. It will 
be seen that the top and the bottom rolls are nearly alike 
in form, and that a collar D is placed on the bottom roll, 
and a collar C on the top roll. These collars are not cast 
solid on the rolls, but are capable of sliding along them ; 
ing held, however, in one position, as regards the other 
roll, Cry y= Y ves. 

Applied to the end of the top roll A is a powerful screw 
E, which takes its thrust from the top chock F, and con- 
sequently rises or falls as the top roll is adjusted in height. 
By working the screw E a motion in the direction of its 
length is given to the top roll A, its necks being of such a 
form as to allow of this motion; whilst the bottom roll 
remains firmly fixed endways between the standards. 
Attention to the drawing will show that end motion being 
given to the top roll A, it will carry with it the bottom 

D, whilst the top collar C. remains stationary ; and 
by this means the distance apart of the two collars is ad- 
justed ad libitum, being limited only by the travel allowed 
to the top roll A in the direction of its length. 

The drawing shows the form of box and spindle which has 
been adopted, and which has been found to present no in- 
convenience. The rolls are adjusted vertically in the usual 
way, but clearly they must not be allowed to open so far 
as to draw the collars out of the grooves. 

As this system of rolling is applicable to every stage of 
the process—forge rolling, blooming, roughing down, and 
finishing—and to steel from the ingot as well as to iron from 
the pile, it will be necessary to describe it in connexion with 
all pwnd separately, as it will be found that there are cer- 
tain points in each requiring special consideration. 

Firstly, as to forge rolli it is at all times incon- 
venient to use very wide piles, on accouyt of their not 
heating uniformly, and of the space and oa requi 
in the furnace to allow of their being turned ; hence it will 
probably be found that rolls arranged to roll puddled bars 
varying in width from 12 in. to 24in. will meet all require- 
ments. The collars and grooves would have to be of such 
a size as to allow of a vertical adjustment of about 5in. 
Sach a mill would be an extremely simple affair, and need 
not be further described ; but its use would be attended 
with great advantage in connexion with all plate mills, 
whether the bars were to be afterwards used in mills of the 
same construction or not. The same may be said as regards 
mills rolling — sections of bar iron, as the same pair of 
rolls would produce bars of any width, obviating the neces- 
sity for frequent change of rolls. 

ndly, with regard to blooming (Fig. 7). In some 
mills this operation could be advantageously combined 
with roughing own, and both operations done in 
the same rolls, the latter process being in fact but 
a continuation of the former. Where large plates were 
made, however, this would be found impracticable, as 
sufficient vertical adjustment in the top roll could not be ob- 
tained in one pair of rolls without cutting very deep grooves, 
and so leaving the roll dangerously weak. It is there- 
fore necessary to have blooming rolls with a vertical adjust- 
ment in ordinary mills of about 5 in.; so that, taking 
a pile 12in. deep, they would squeeze it down at once to 
10 in., and then by successive adjustments of the rolls toa 
minimum thickness of 7 in., at which the roughing rolls are 
caleulated to deal with it. 

Thirdly, as to roughing down (Fig. 7). This, as already 
stated, is simply a continuation of the blooming process. 
It must be remarked, however, that provision has only 
been made for puddled bars up to2 ft. wide, and even 
this is somewhat in excess of what could be used with 
due regard to economy of height and space in the 
heating furnace ; hence ail plates above this width would 
have to be rolled with their length in the direction of the 
width of the pile. There is no) objection whatever to this, 
and it is frequently practised for convenience sake in ordi- 
nary plate rolling. In these cases the length of the pile 
== correspond as nearly as may be with the width of 
the plate. 

Fourthly, as to finishing rolls (Figs. 3,4, and 5). These 
are made with still smaller collars than the roughing rolls, 
the adjustment necessary being extremely limited, say 
from 1 in. to te ; in other respects the rolls are of the 
same general form. It will be seer that it is impracticable 
to provide for more than a limited length of travel for 
the top rollin any case, but more especi is this true of 
the finishing rolls, where the pressure in rolling is greatest ; 
otherwise the rolls would become dangerously smull in dia- 
meter in rtion to their length. In practice it will 
probably ound that a travel of about 2 ft. will be as 
much as is convenient. So that beginning at 12 in. width, 
one pair of rolls would finish up to 3 ft. and all interme- 
diate widths. Another pair would begin at 3 ft., and with 
a travel of 2 ft. would finish up to 5ft., covering up all 
intermediate widths. Where two mills were in constant 
° tion the one could be kept on the ..arrower and the 
other on the wider plates ; but where only one was in use 
the rolls would have to be changed occasionally, probably 
not more frequently than once a week. 

The relative merits of this system of rolling as compared 
with those of the Belgian mill may be briefly noticed. It will 
at once be remarked that no real side compression can be 
given to the pile when rolled inthis way. In practice, how- 
ever, this cannot be effected even with the vertical rolls in 
the Belgian mill; nor is such compression necessary or 
desirable, as the pressure of the main rolls is quite sufficient 
to squeeze the piece laterally to such an extent as to 
make it fill the space between the collars in the one 
case, and between the vertical rolls in the other, and so 
form aclose soundedge. But whilst in the Belgian mill 


the plate is subjected first to vertical pressure by the main 
rolls, and afterwards to lateral pressure by the vertical 
rolls, in the sliding roll millthe side and surface pressures 
are simultaneous; and consequently no thickening of the 
edge or other similar imperfection is possible. 

n the Belgian mill the pile must invariably be put into 
the rolls endwise, so that every pile must be made as wide 
as the plate to be rolled from it. This is a great difficulty 
when the plate is over 18in. wide, and, so far as the writer 
is aware, et to be overcome. 

The co) roll is also much more readily adjusted to 
width than are the vertical rolls of the Belgian mill. In 
the latter case not only the rolls themselves but also the 
guides, both before behind the rolls, have to be ad- 
ae with the greatest a This causes considerable 

oss of time and waste of fuel and material, as after every 
readjustment one or two experimental plates have to be 
rolled to test its accuracy. 

The difference between the two mills in point of first cust 
need hardly be pointed out. The sliding-roll mill does not 
greatly exceed, either in first cost or working expenses, a 
mill constructed on the present model; whilst a Belgian 
mill would cost about twice as much. 

Lastly, the rolling of steel plates by means of the ma- 
chinery described will obviously hrm no difficulties. 
This point has already been alluded to ; but inasmuch as 
rolling iron from a pile is a much more complex operation 
than rolling steel from a solid ingot, the former process has 
received for the present the most attention, more perhaps 
than its ayy by ry deserves. Steel plates must 
sooner or later used, to the very general exclusion of 
the inferior material; and it is confidently believed that 
the adoption of the process described would go far to lessen 
the great difference at — existing between the cost of 
making steel plates and that of making iron plates of an 
equal weight. 





ON BROWN’S TRAMWAY LOCOMOTIVE.* 
By Mr. B. C. Browns, of Newcastle-on-Tyne. 

THe conditions that are required to be f ed in a 
tramway locomotive over and above those of an ordinary 
locomotive are tolerably well ised, and may be 
enumerated as follows : 

(a) There must be no visible smoke or steam, no visible 
fire, no noise either of blast or machinery, and no visible 
working parts. The object of all these is to avoid frighten- 
ing horses or annoying the public. 

(6) The engine must work both ways, the driver being 
always in a commanding position ; it must be able to exert 
great power for starting and stopping on steep inclines, 
and must both start and stop very easily; it must run 
round sharp curves, and adapt itself to any inequalities in 
the road; its working parts must be readily accessible and 
easily repaired ; its firing and feeding must need no atten- 
tion while it is agg lastly, it must be worked of 
course by one man. ese are matters of practice and 
oom) The 

(c) The Board of Trade requires beyond these a speed 
indicator always visible to the driver, a governor, and a 
bell or whistle for signalling. 

The writer, having carefully considered these conditions, 
came to the conclusion that among existing engines they 
were best and most economically met by the engine of Mr. 
Charles Brown, mention of which has already been made in 
M. Mallet’s paper, read before the Institution at Paris in 
June, 1878. This engine has worked regularly in Geneva 
since the summer of 1877; in Milan since the beginning of 
1878 ; in Hamburg and in Strasburg since the summer of 
1878 ; in Paris since the autumn of 1878; in Rome and 
Tivoli since June, 1879; and Ribeauville since August, 
1879 ; in Florence and in Cuneo Dronero since November, 
1879. In addition to the above places, where the engines 
are in regular work, they have been, or are, running on 
probation at Lisbon, Oporto, Turin, Brussels, Berlin, 
Cologne, Madrid, Milan, Monza, Villa Regoa, and Villa 
Reale (Portugal). In most of the above places the conse- 
quence of these experiments has been that the question of 
steam traction versus animal traction has been decided in 
favour of the former; but the carrying of this decision 
into execution has been frequently impeded by the condi- 
wane imposed by the local authorities, or by financial diffi- 
culties. 

I. Description of the Engine.—The mens? A principle 
of this engine is that of wor ing with very high pressure 
(220 lb. on the square inch). The boiler, Figs. 1, 2, and 3 
(see pages 46 and 47 ante), consists of a vertical cylinder, 
oT the firebox in its lower part. To this is rivetted, 
—  firedoor, a horizontal barrel, with tubes like that 
of an ordinary locomotive ; this barrel is entirely below the 
water level. The whole is made of steel, carefully selected 
and tested. The grate is steeply inclined forwards so as 
to increase its area and efficiency, and there is a drop-bar 
at the bottom for letting down the fire. The ashpan is 
provided with an ordinary door for sequins the draught. 
Owing to the height of the outer firebox there is a very 

at rr of water level (about 20 in.). Hence the 
river need never attend to his fire or feed his boiler during 
the longest run usual on tramways. 

The cylinders are horizontal and above the footplate, 
the steam chest being below the cylinders, by which 
arrangement they are always kept clear of water. There 
isa great range of ex ion. With valve of the 
proportions illastrated by Fig. 4, the distribution of steam 
is as shown in the Table annexed, the distances bei 
expressed in poceeye of the stroke of piston. The 1 
is constant at 5 in. 

In the engine shown the cylinders are 5) in. in diameter 
and 11} in. stroke. Each piston rod works a rocking beam, 
Fig. 3, which, by means of a connecting rod at the 
other end, transmits the movement to the driving wheels, 
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and thence by ordinary coupling rods to the leading wheels. 
All the pin ends, lubricating holes, &c., are caref 
covered to keep out the dust. The valve (deseri' 
more fully below) is of a very simple description, entirely 
avoiding eccentrics, links, or other sliding motions, so 
objectionable on account of dust, mud, &. The rocking 
beams on each side and the other working parts balance 
each other without the need of balance weights on the wheels. 
The motion of the engine is thus made very smooth and free 
from oscillation or ‘‘galloping’’—a very essential point 
with a short wheel base. 


Distribution of Steam. 






































. Release be- 
Admission. | fore End of|Compression. 
aad Stroke. 
Fore. | Back.} Fore | Back. | Fore. | Back. 
per per per per | per | per 
cent. | cent. | cent. | cent. | cent. | cent. 
- 80 7 4 6 9 
6 67 10 7 10 14 
Forwards | 49 | 47 | 16 | 14 | 20 | 21 
26 24 27 26} 34} 34 
Stop ... eee 7 74 At 423 53 53 
- = 29 27 35 36 
: 4 0 16 14 19 22 
Backwards 66 | 70 | 9 | 8}! 12 | 13 
78 80 5 i 2 7 
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The whole of the working parts, as well as the boiler, 
are so arranged as to be readily accessible for both cleaning 
and repairs. Everything is made as light and strong as 
possible, and both steel and phosphor-bronze are largely 
used. The position of the cylinders is very convenient, and 
“2 well sheltered from dust and dirt. 

fhe hind axles support the weight of the engine by 
ee in the ordinary way, but the front axle has two sets 
of volute springs, Figs. 1 and 2, placed together in the 
centre, so that the engine is practically supported on three 
points. On these springs the front axle has free play ; and 
as side play is also given to the axle~boxes, which are united 
by a frame, the engine runs very smoothly, while the four 
wheels all take a bearing on the roughest roads. The wheels 
are from 21 in. in diameter up to 28 in. in diameter, accord- 
“—< the character of the line. 

_ The water tanks are placed between the frames. There 
is one, Fig. 1, for the feed water, which holds about 
110 gallons, and a small one for the condensed steam, 
holding about 30 gallons. The mode of disposing of the 
exhaust steam is as follows. The cylinders are fixed on the 
two ends of a cast-iron box, which forms a support for 
the bottom of the smokebox; into this the steam is ex- 
hausted, and in many cases is passed from thence direct 
into the chimney, into which it flows in an almost con- 
tinuous noiseless stream. The chimney is very large, and 
has interior chimneys of gradually decreasing diameter. But 
if a condenser is required, which probably will almost always 
be the case in towns, the steam ascends to a layer of copper 
pipes, which are arranged over the roof and kept cool by 
the air passing over them. The condensed steam flows 
down to the small tank, which can be emptied at ‘any 
convenient place at the end of the run or elsewhere. 
It is not allowed to mix with the feed water. on account of 
er dirt and oil that would then get into and injure the 
er. 

In Paris these engines have no condenser, and in Ger- 
many they sometimes have and sometimes have not ; 
but in England the condenser will probably always be an 
absolute necessity. 

The brakes are worked by hand, and are very strong; 
but in future all engines will be fitted with steam brakes. 
There is a pump and an injector for feeding, and the ordi- 
nary arrangement of sand-boxes. All the handles are 
arranged in duplicate, so that the engine can be worked 
equally well from either end. The driver always stands 
full in front. The engine is handled easily by one man, 
wherever the local authorities allow it, and practice 
proved that one man is sufficient. The couplings are central 
and arranged to = and pull. When the engine runs 
against the car the couplings come together, the driver 
drops in the coupling pin from where he stands, and the 
connexion is made. The fuel is coke. The weight of the 
e ¢ loaded is about 6} tons. 

I. Description of the Valve Gear.—The valve gear, as 
already mentioned, is very simple, and contains no parts 
liable to suffer from dust, mud, &c. The distribution of 
steam is very correct both in fore and back gears, much 
better in fact than can be obtained by the common link 
motion, as aoang slight inspection of the foregoing Table 
will show. Fig. 4 illustrates the valve gear. It will be seen 
to have some similarity with Hackworth’s or with Wael- 
schaert’s, but to differ from these in being worked off a pin 
situated at some point on the connecting rod, and in requir- 
ing neither eccentrics nor cranks ; further the new gear is 
furnished with several combinations which render it easy to 
eliminate any errors caused by the curved paths of the various 
organs composing the mechanism ; pik iy by very carefully 
choosing the proportions, the “distribution may be made 
nearly mathematically correct for each notch of the sector, 
as well in backward as in forward gear. The gear, as 
shown in the diagrams (vide page 324 of our twenty- 
fourth volume), is adapted to an engine fitted with a 
working beam; the motion is taken entirely from a 
point A in the connecting rod, situated at about one-third 
of the length from the crank-pin end. The path described 
by this point is an ellipse with a curved major axis, the 
curvature being produced by the small end of the connect- 
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ing rod being constrained to move in the arc of acircle by 
the working beam ; this curved ellipse serves to neutralise 
the error which would otherwise be present, arising 
from the curve described by the end of the pendulum lever 
B. The upper end of this lever B is articulated to a 
system of radius rods D and E, forming a sort of parallel 
motion ; E turning on a pivot, and D sliding in and out 
of an oscillating socket. Both E and D are attached to 
the double-armed lever, or reversing shaft C ; this lever 
turns about a fixed centre J, and can be fixed at any angle 
between full gear fore and full gear back. The mecha- 
nism is connected to the slide valve from a point situated 
on the pendulum lever Bat about one-eighth of its length 
from the upper end, by the connecting rod A'. The mo- 
tion of D and E causes the ellipses described by the point 
of connexion between the lever B and the connecting rod 
A' to have a curved major axis, and thus eliminates the 
error which would be caused by the angular motion of the 
' 


It will be seen by the diagrams exhibited that in mid gear 
the major axis of the ellipse described by the point of con- 
nexion between B and A! is nearly vertical, and that the 
motion imparted to the valve when the gear is in mid posi- 
tion does not exceed the sum of the lap and lead at both 
ends. This amount of motion is consequently not sufficient 
to admit so much steam as that the engine will move. 

The diagram Fig. 5 shows, in black limes, the reversin 
lever in full forward gear ; the elliptical a of the point 
is now seen to be inclined and to extend much beyond the 
limits of its horizontal travel in mid gear, Fig. 4. The areas 
of those parts of the ellipse beyond these limits represent the 
amount and duration of the openings for entrance of steam, 
in this case amounting to about 76 to 80 per cent. of the 
stroke. By placing the reversing shaft in any position 
intermediate between full gear and mid gear, any desired 
amount of expansion may be obtained. 

Fig. 5 shows also, in red lines, the position of the 
mechanism in full back gear; the operation of the gear in 
this position is the same as described for fore gear, only 
reversed. 

The lead is constant for all positions of the reversing 
lever. For it will be seen on trial that the points C and J 
always coincide when the engine is on the dead points, in 
whatever position the reversing lever may be. A further 
advantage of this gear is that it is not much affected by 
the vertical play of the axles. 

II. Dimensions and Particulars.—The engine, as 
shown in the diagram, is of the type No. II., which is con- 
sidered to be a useful average size. It is the size most in 
use, and will haul with ease 15 tons up a gradient of 3 per 
cent., or 1 in 33. No doubt in time many modifications 
will have to be made, to suit the varying requirements of 
different towns and districts. 

The — dimensions and particulars of the three 
types of engines at present made are given in the following 

abie: 




















: | 
Petngine | Type No.1. | Type No. II. | Type No. IIT. 
Weight in working } 
order without con- | 
denser ° ° 17,000 Ib. 14,500 Ib. 11,600 Ib, 
Weight in working 
order with conden- | 
ae an 18,300 Ib. 15,500 Ib, 12,300 Ib. 
Water in tank 160 gals. 110 gals. | 108 gals 
Weight of fuel 270 lb. 224 Ib. | 180 Ib. 
Wheel base ... oad 5 ft. 5 ft. | 4ft. 10in. 
Diameter of wheels...| 24 in. to 28in. | 24in. to 28in. | 24 in. to 28in. 
. cylinder 65, in 5} in. 44 in. 
Stroke ee . 113 in. 11} in. 11¥ in. 
Heating surface ...| 130 sq. ft. 102 sq.in. | 818q. ft. 
Maximum pressure 220 Ib. 220 Ib, | 220 Ib. 
Extreme length 12 ft. 3in. 12 ft. } 11 ft. 
‘ breadth ... 6 ft. 6 in. 6ft.4in. | 6ft. 4in. 
o height 12 ft. 12 ft. 12 ft. 
Tractive force with 
24in. wheels ; 3000 Ib. 2300 Ib. 1700 Ib. 
Tractive force with 
28in. wheels 2570 Ib. 1970 Ib. | 1450 Ib. 
| 





(To be continued.) 








FIRELESS LOCOMOTIVES. 
Reply on the Discussion on Fireless Locomotives.* 
M. Lron FrRANcaQ, of Paris. 

In submitting the following remarks upon the interesting 
discussion held at the last meeting of the Institution, the 
author wishes in the first place to thank the President and 
members for the kind reception given to his original com- 
munication. 

He rw! concurs in the opinion of Mr. Crampton, that 
the chief heads of working cost with tramway engines are 
those for wages and maintenance. In practice this has 
been everywhere proved to be the case; and the main 
superiority of the fireless locomotive lies in the reduction 
of wages which it effects, and in its economy as regards 
maintenance and repairs. 

He admits that the working s of the fireless engine 
are too near the ground, and Pp designs for 
raising them higher, so as to save them from the 
mud and dust. He wishes to remark, however, that the 
repairs required from this cause on the fireless engines 
employed on the Marly-le-Roi and Rueil Tramway have 
been insignificant. This arises chiefly from the complete 
absence of ashes, and also from the arrangements made 
for doing away entirely with metal coverings to the 
mechanism ; these latter being found, contrary to expec- 
tation, to retain the dust, which thence blows about among 
the parts of the engine ; and thus to aggravate instead of 
diminishing the evil. The author would add that he 
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ects of | is 





cannot snr of the arrangement adopted for raising | passes 


the cylinders by Mr. Brown of Winterthur. That it is 
defective is proved by the excessively bad condition in which 
these engines are now found to be. In the case of the 
fireless engine there are various other arrangements by 
which it would be practicable to raise from the ground 
the delicate parts of the mechanism. 

In reply to Mr. Tomlinson, the author has not the least 
hesitation in maintaining that hot water may be advan- 
tageously and usefully applied for working the trains on 
underground railways, where the length of line does not 
exceed 12 to 15 miles, and where the gradients are similar 
to those of the Metropolitan Railway. In support of that 
opinion he would remark that since 2000 litres of hot 
water (440 gallons) are found to produce motive force 
sufficient to draw a load of the gross weight of 36 tons over 
a line 9 miles long, 12,000 litres (2640 gallons) would 
certainly do six times as much work, or more than suffi- 
cient to draw a train of the Metropolitan Railway, which 
weighs 100 tons. Therefore there are really only two 
points to examine, (1) the power and rapidity with which 
the engine can start, and (2) the possibility of storin 
12,000 litres of hot water on the engine. Now power an 
ee of starting may be obtained in all cases with four 
cylinders, and perhaps on straight level lines with two 
cylinders of large diameter. Again the author’s inves- 
tigations show that it is possible to provide not only for 
12,000 litres of hot water on the engine, but also for a 
large quantity of cold water for condensation. An engine 
on this system, instead of weighing 35 tons empty, need 
only weigh 26 tons; so that in working order a fireless 
engine for underground lines would only weigh 43 tons. 
As to the possibility of charging the —_ from stationary 
boilers, this would be easily accomplished by Lp apr | 
the production of the boilers to the demands of the engines 
requiring to be charged in a given time. If in one hour, 
for instance, it were necessary to charge twelve engines, 
each engine ought to be filled in five minutes; this is 
merely a question of the section of the steam feed-pipe, 
a figure which it would be necessary to calculate. To 
charge twenty engines per hour, it would be necessary to 
fit up at the terminus a set of stationary boilers having an 

te heating surface of 1800 square metres (19,400 
sq. ft), besides reserve boilers. This cannot be considered 
as impracticable; and though it might require some care 
and forethought to establish the system, great advantages 
would result from the centralisation of the production of 
steam at a single point, from the abolition of stokers on 
the engines, and from the total suppression of deleterious 
gases, whic’ ane from the ordi locomotives in the 
tunnels, and which greatly incommode the passengers, in 
spite of the ventilation produced by the passage of the 


With regard to the question of condensation, the author 
considers that to condense completely by air requires 
much too large a surface for practical use; and that to 
condense completely by water requires too great a supply. 
Other known methods of condensation are too costly. To 
keep within the bounds of practical utility, the author 
would not attempt anything more than the suppression 
of the noise of the escaping steam, by causing it to expand 
in a large expansion chamber, and then condensing it 
partially by contact with tubes having air ci t- 
ing in them. He believes that by thus completely 
withdrawing from the steam which escapes all the water 
which it contains, the result, on underground lines, would 
be that the dry steam would rise monoty to the | of 
the tunnel, and would clear away with sufficient rapidity. 
Even admitting that a light vapour would sometimes find 
its way into the carriages, when the atmosphere was not 
favourable to the ascent of the steam, this would not 
produce serious inconvenience ; for, while there are many 
people who avoid the London underground railways on 
account of the smoke, they certainly would not make the 
same objection to the occasional presence of a little pure 
steam. This, in the author’s opinion, would be proved by 
experience, and would produce an important and rapid rise 
in the receipts. 

For street tramways the author considers it possible to 
condense the exhaust steam completely ; but he would ask 
whether its escape, without any noise, is not rather an 
imaginary than a real inconvenience? The apparatus for 
complete condensation constitutes a source of complication, 
and consequently of expense, which takes away from 
tramway engines much of the advantages they are intended 
to realise in —— and economy of working. He would 
add, that after five years’ — and consideration of 
the question, he is satisfied that animals are not frightened 
at the sight of steam; and that in reality they are more 
easily frightened by an ine which pe Sef rapidly 
without the outward and visible signs of movement. They 
are also id of everything that produces a shrill, sudden 
noise, as is the case with compressed air engines, and with 
ordinary locomotives, which cannot dispense either with 
a violent escape of steam to increase the blast in the 
chimney, or with safety valves, which are liable to blow off 
at any moment, ‘ 

The author does not with Mr. Welch that the 
— of the admission valves in the steam expander 

likely to transform the heat of the steam into electricity. 
sanghny iam ~—y~ — electricity or comanore 
in his apparatus only using @ very pressure 
steam, by cooling that steam so as to transform it into 
vesicles of water before its escape into the atmosphere, and 
by exciting considerable friction of these vesi i 
one another. It is known that the Armstrong electrical 
machine did not at all produce the effect ht, as soon as 
the steam ceased to circulate in the cooled pipes, and as 


soon as the friction of the vesicles of water it one 
another no longer continued to take place. In 
locomotive the balanced i 

section of outlet, cause very 
steam, instead of escaping cold into 


fireless 
admission valves, from their 


ann’ > 
the the atmosphere, 








into a body of vapour at high tem 
under considerable pressure, there to — 

is therefore no production of vesicles of water, conse- 
quently no friction and no production of electricity. This 
has been shown also by comparative experiments. The 
expander is nothing else really than the slide-valvye recom- 
mended by Mr. Cowling Welch, only it acts ey, 
whilst an ordinary slide-valve would not so act. The 
author, therefore, must continue to consider the expander 
as advan us, a fact of which he has convinced himself 
by long and minute observation. 

On the question of the employment of steam at low 
gy the author observes that his opinion is not shared 

y Mr. Cowper nor by several other members. He believes 
however that he is right on this important point, which he 
is glad to have submitted to the criticism of the members 
of the Institution. He agrees with Mr. Welch’s state- 
ment that steam at high seg is more advantageous, 
because its latent heat is lower, in proportion to the total 
heat produced, than the latent heat of steam at low pressure. 
But in order that this advantage may really hold, it is 
necessary to assume that the latent heat of the steam at 
high pressure has not given out a larger number of heat 
units into the atmosphere after doing its work, than the 
latent heat of steam at low sure. e must therefore 
calculate for a locomotive within what limit expansion can 
advantageously be allowed, taking count also of the pro- 
portion of priming water carried over. The author considers 
that this limit is, on an average, two-thirds of the stroke. 
With these data it must then be seen what is the latent 
heat of the steam when it enters the cylinder and when it 
escapes from it; the difference is the loss of useful heat, 
given out into the air. 

Taking account of these practical considerations, the 
author kas calculated that in utilising the heat existing in 
steam, a locomotive engine—not a fixed engine, for it is 
necessary not to confound the two—gives an efficiency of 
44 per cent, only, with steam at 15 atmospheres, whilst the 
result is 60 per cent. with steam at four atmospheres. ‘This 
difference of 16 per cent. is still further increased, if we com- 
pare the results of an engine working with steam at high 
pressure and delivering to the cylinders 30 per cent. of 
water in the vesicular state, and the undoubtedly better 
results of an engine working with steam at low pressure, 
and that steam dri means pointed out in the 
pew. The difference of 16 per cent. on the contrary would 

» evidently dimini if the comparison were made 
with a stationary oy y | engine of high expansion ; 
but that which can be done means of expansion with 
stationary engines cannot be done with ordinary locomo- 
tives, where the amount fponing water, the inconveniences 
of lead on the exhaust side, and the need of a strong cur- 
rent of steam in the chimney, are causes which necessitate a 
limitation of the expansion, and an increased loss of heat 
in the exhaust steam. Taking these things into account, 
the author was led to prepare a Table, on whieh the state- 


ments made at the end of his paper are He is thus 
of opinion that Mr. Cowper is in error in saying that steam 
generated at fifteen atmospheres cannot be used at four at- 


mospheres without great . Compare the case of the 
fireless locomotive to that of two vessels A and B, in com- 
munication with each other, of which A is filled with a 
supply of steam at fifteen <= or at a tempera- 
ture of 199 deg. Cent. (390 deg. Fahr.). If A is now put 
abruptly into communication with B, the pressure wi 
eq itself in the two vessels. If we suppose besides 
that the ratio between the two vessels is such that the 
common pressure in the two is that of four atmospheres 
(temperature 144 deg. Cent., or 291 deg. Fabr.), the amount 
of internal heat in the steam will not have changed, and 
no work will have been done. In the author’s system the 
communication is not made abruptly, but ually, till 
sgnitnenenn Rattebtaned ; the result, however, is the same. 

ow according to the data in Zeuner’s work on Heat, 
the internal heat of steam, saturated and dry, at fifteen at- 
mospheres, or 199 deg. Cent., in other words, the heat of 
the steam in the t vessel A, is given by 573.34+4- 
(0.2342 x 199 deg.)=619.94 calories per kilogram. The 
same steam, saturated and dry, at four atmospheres, oc- 
cupying the content of the two vessels A and B, will possess 
an internal heat of 573.944-(0.2042 x 144 deg.)=607.06 
calories per kil . The difference between these quan- 
tities is 12.88 calories per kilogram: the steam at four at- 
mospheres is therefore superheated by this amount, and 
this superheating has the effect of vaporising the minute 
drops of water brought over in the vesicular state.* 

This would not be the case on the contrary if the steam 
expanded directly into the cylinders : the expansion would 
oes. grasase condensation, and the effect of the super- 
—_ steam in vaporising the water would not take 
place. 

The author acknowledges that the question which he has 
submitted is a difficult one; but the statements advanced 
by him, which were so much , gg will shortly be 
verified by careful experiments. These he proposes to 
make witha locomotive of oneof the great railway com- 
pemsen, ae — “¥ an apparatus pry will give a 

cient draught withon' uiring av ressure in 
the exhaust steam. zi oe re 

As a practical reply however to the questions and 


* Professor Clausius has pointed out to the author that 
there will always be a theoretical loss in apes by the 
tho lower pe eter pen Te naa dire 

e lower pressure, at pressure 
its inal condition. The is, therefore, a non- 
rev le one, and by a -known principle of thermo- 
d ics a non-reversible cannot be the most 

cient. The author that the loss due to this 
cause, as also to the friction of the steam in ing, 
ae peltpees te te ee | oe ae course 
ensen  perbee SR e's @ 12.88 calories mentioned in the 
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criticisms which have been addressed to him, the author 
may state that he has run a fireless engine on the Rueil and 
Marly tramways with the same charge of steam, some- 
times simply pay gy the expander, and sometimes 
admitting steam by the regulator and then expanding it by 
the link motion according to the pressure required; and 
that he has never found a greater consumption of steam 
with the expander than without. He has observed that the 
superheated steam qs, at its entrance to the cylinders a 
mechanical equivalent higher than ordinary; that the 
packings of the tor and the pistons last longer than 
with the direct introduction of the steam; that the 
leakages of steam are less numerous, and that the steam 
exhausted at atmospheric pressure not only utilises its heat 
better, but also makes no noise, and is much more readily 
condensed. 





CONTINUOUS BRAKES. 
Is Automatic Action Necessary or Desirable in a 
Continuous Railway Brake ?* 
By Mr. T. Hurry Ricues, of Cardiff. 

In bringing the above problem before the members of 
this Institution, the writer is actuated only by a desire to 
see the subject thoroughly diseussed, as being one which 
deserves the careful consideration of the Board of Trade, 
the railway companies, and the general public, before any 
definite instructions are issued by the Board of Trade upon 
the momentous question of the continuous railway brake to 
be finally adopted throughout the kingdom. In the first 
see it — necessary to point out that there exists a 

ifference between the ideal automatic brake, as conceived 
and understood by the public, and the actual automatic 
brake found in regular use upon a few of the railways of 
this and other countries. The former, as all know, should 
anything go wrong with any of its many vital parts, in- 
dicates the fact with certainty, or else at once applies itself 
to the wheels; whilst the latter has a very heavy list re- 
corded against it of failures to falfil either of these desir- 
able objects ; and in addition shows a very large number 
of instances where the brake was rendered entirely useless 
for the remainder of the journey (frequently a long one) 
owing to its getting out of repair. As more detailed 
particulars are furnished further on ing these different 
classes of failures, the writer refrains from dealing with 
them here. He will now define what appear to him to be 
the essential points upon which to base the opinion, whether 
or not any of the known automatic brakes are sufficiently 
reliable to justify their adoption in preference to non- 
automatic brakes. These points are as follows. 

I. A comparison should be made between the number of 
recorded accidents in which automatic action has either 
prevented or mitigated disaster, or else which might have 
een beneficially affected if automatic brakes had been 
fitted to the trains, and the number of accidents and failures 
which are recorded as caused by defects in parts necessary 
to make the brakeautomatic. The greater number of these 
latter mishaps have rendered the brake useless until the 
train could be taken to the repairing shed ; hence in many 
cases thetrains had to be run for the remainder of the day 
without a continuous brake available to meet emergencies. 

II. As the danger of trains separating has been held to 
be one of the most pressing reasons for requiring automatic 
action in railway tuaies, writer has carefully searched 
the Board of Trade returns for the year 1878, and has also 
written on the subject to a large number of locomotive 
superintendents in this country, in order to ascertain as 
far ‘as possible the number of cases where trains have 
parted, either with or without collision. He finds only 
three cases of the kind reported in the Board of Trade 
returns during the whole year. Of these the first occurred 
to a passenger train which left the rails at a junction, the 
carriages taking both roads ; in that case the Government 
inspector reported that if the train had been fitted with 
= description of continuous brake, the driver could have 
pulled up in time to avoid the accident. The second case 
was where a train was fitted with an automatic brake ; and 
this brake suddenly applied itself to the hinder portion of 
the train, and pulled it up, breaking the train in two. The 
third instance was where a train, fitted with an automatic 
brake, was running at a speed of 45 miles per hour, when 
one of the tender wheels broke away, and falling beneath 
the train smashed each brake cylinder as it passed over it, 
entirely disabling the brake. The train travelled about 
300 s after leaving the track, and was finally stopped 
and broken up into sections by coming in contact with the 
abutment of a bridge, which it reached at an estimated speed 
of 25 miles per hour. These coustitute the whole number 
of recorded instances where coup.ings were brokenand where 
automatic action could display itself ; and it will be noticed 
that in one the breaking was caused by automatic action, 
and in another the automatic action was useless ; therefore 
in only one, and that a very questionable instance, could 
an automatic have been of any more use than a non-auto- 
matic brake. It should further be noted that in each case 
severance did not occur until the carriages had been running 
off the road for some distance, and until the main damage 
was done ; in other words it did not occur until the brake, 
if available, ought to have completed its work. Finally, 
as a contra account, we find in the san e returns the details 
of more than twenty instances of failure by defects oc- 
curring to the various extra fittings, necessary to make 
the brake work automatically ; and in many of these the 
brake was rendered inoperative, thus leaving the train to be 
worked allthe way home with the ordinary hand brakes 
only. Hence the comparison under this heading, so far 
as the Board of Trade returns for 1878 are concerned 
stands thus: One questionable success as against twenty 

ures. 

The private inquiries made by the writer as to the ex- 
perience of the various gentlemen to whom he applied, have 

.* Paper read before the Institution of Mechanical En- 

gineers. 









































TABLE I.—WorkING or Brakes ror Six MontHs ENDING JuNE, 1878. 
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s |@ jeé je |5° |e2 |e2 (8. | Fitted. 
= 3 - By Pg as ae | SE Reeenretsasaaen 
} : ea ind oO | = Lol es | » | ° 
Nemeot | x g [e215 LE Le le lene | 88 lumenesl vlad 
| “Brake. | | NAme or Batwar. a )<8/ 2. (52 (Pe PE |PSgite | es [man | a8 | 23 
| | ~ > F| Og (np Fa in ln” glee Sino Sis & | Ce 
. 9 Biseeis8 \Se28\4%o S05| 28 seliss 
| a |92| a Ses SexleSs/2 2% 28 8| 35 ie) 
is so) -_ sao a i=} ts : 3 
| & [as | a8 eae casieeacsizee ee) | ge) gt 
Westinghouse | Great Eastern = ies he 1 m ial ee te 7 | 
" Great Northern... 0. ose! ove 3} ll 5 es 2 et ot = 
” London, Chatham,and Dover ...! ... 2 6 3 2 | eee 1 io 8 Ew 5g 
* ...,d aE a 2 3 ee ge 3 5 | $33 
” North-Eastern il 0) gan a 2 2 . ow 2 ie 5 | 8 
” Glasgow and South-Western eve ove 1 eae | 1 ret 
a a Ss a eee 
Totals and averages sa 9 | 23 | 12 s7 oT = 3 | 35 | SES] y45 | 709 
| | $24 
ews — ——— 
Steel Caledonian ... No account given of any failures to any brakes. <= 5 ® as 
SS a SC, See en enoe a - of a ieee 
Sanders | Great Western _ 9 3 12 1 te ts ose es 23. 
” Midland as ce BJ 000 eee F* 3 8 | eS 
a, A ae Piatt Kade, Esthet Es 
Totals and averages ... 1 9 5 12 1 oe eo 3 15 S om 25 82 
—— — “BS 
Smith Great Northern eco 18 2 one 18 r-] Es 
o Great Western... os 2 2 2 | bas 
” Lancashire and Yorkshire 1 cee eco 1 eos 
a MS hid Asay eg 1 ae 1 | &s= 
” North-Eastern eee on eee 5 1 5 €53 
” Glasgow and South-Western ... 1 wo 1 | 2s 
” Great Southern and Western of Res 
Ireland aS ae en 4 os os in sila 41088 
a ——_ — —|—_—_ |__| a5 
| Totals and averages oo 2 | . 30 5 oe 82 s | 426 |1882 
' ‘ 
N.B.—In every instance failures of “ brake rigging” are included. 
TABLE II.—Worx1ne or BRAKEs FOR Six Montus ENDING DecempEr, 1878. 
1. 2. | 4/5) 6 | 7] 8 | 9. | 10./ 11 12. | 13, 14 
7 a 2 ’ i 2s ae: a2 as a i] zr [=| aouv 
3 |2 38 les| 282 |2<|£, a; |g28 
a = |33 |e= Be eS [FF Bio¢eg 2f |nog 
,|2a/2 |-8 Fs] FB EF leslee g2 285 
‘ 8 = 5 isa} OF Ise. ae\,., 3 ise 
a NAME OF RAILWAY. S “— Fe Bi SP °2¢ Ba Sf, | Mileage Run. st Sat 
~ os Eos - 2 
3 | 3 | tlsedlgs| Fe (S4S/C Elez $3 list 
= = 2 4 —\= = ° = = 
3 | eS ee/822/82] 83 |82%|- 2/35 gs [se28 
me |S AZ 28) 24 Ze FiZol5 ge |28a5 
Westinghouse | treat Eastern 1 ome pee ate os cos on 2 1 76,459 76,459 
im Great Northern ose oe ee 14 4 are: oss ll on 1 23,895 1,327 
: London, Chatham, and Dover ...) 1{ 1 | 5] 3 | 5| 7 2 | 2] 8 57,408 7,176] 19,136 
4 Midland br ga Ra 1 3 ) ea eee es ii 21 5 300,268 60,053 , 
- North-Eastern 1 6 9] 5 3) eS 8 | 1] 18 137,826 7,657 | 27,565 
. Caledonian .., a ea va mre 4 3 3 er Te eae 7 62,441 8,920} 20.813 
. Glasgow and South-Western on Baek ms bed oo Lae | eho 133,763 | 133,763] 
a North British as a. ok ae 1 on mst | ain 156,023 12,001 
Totals and averages ... 5| 2 |35| 12 |a3| ... | 25 | 6] 7 948,083 | 13,853| 79,006 
Sanders | Great Western Lech BOSE 6 BL we Lae bed 2 ee 18.450| 18,450 
” Midland  s } ee 4 Ses pe 4/ 6 97,980 16,330 » 
Totals and averages... 1} 3|/9{| 6/a]... | . | 4/11] 190,298 | 17,904! 91,705 
Steel | Caledonian ... ey ee ee ee Pk. 20,856 6,952 | 
amie | —_ — ee a ee ee ee — |— | 
Smith | Great Eastern oll are ES Rich ae ble 5 340,771 68,154 | 
em Great Northern 5 = 23] 1,253,204 54,487) 
es Great Western on om eve ie | 0 19,141 j 
ue Lancashire and Yorkshire " 5 | 5 | Not given 
Pe London, Chatham, and Dover - ose | 0 9,664 
ee Manchester, Sheffield, and Lin- | 
tr rte io 8 | 3] & 547,633 109,526 | 273 ,816 
- | Manchester, Sheffield Junction, | , ‘ . : 
and Altrincham... ... ...| 3 eS us 8 87,609 10,951 
‘a | Metropolitan,,, 1 2] ace | a al 2 560,723 280,366 
Midland ‘a an ee Ee es i wi 175,690 87,845 
e | North-Eastern ove eee woe] coe | cee | 26] ace 2 | 26 234,806 9,031 
* | South-Eastern ese a - on — 0 116,150 
vs i |. (“sore 1 as iu | 2/ 2 56,332 28,166 
* Glasgow and South-Western one 2 1 Bie . 19,261 9,630 
e Great Northern of Ireland + 1 1 oan 1 35,482 35,482 | 
pe Great Southern and Western of | | 
Ireland... a “Co ee. eae | | 7118 474,697 36,515 | 
- Midland Great Western of Ireland) ... one pon ‘ile ‘bs | Sn 0 26,212 | | 
Totals andaverages ... —...| 14 jie or | 15 | 94 3,957,385 | 42,100) 751,473 
“wget N.B.—In every instance failures of brake rigging are included. 
only brought to light two or three cases of a train parting, ; and delicate in construction ; and hence are more liable in 
all of which appear to have occurred at or near stations, | themselves to get out of order. 
and to have been caused by an injadicious use of hand or In order to get a general view of the whole working of 
automatic brakes; the fact being in each case that the | automatic brakes during the eighteen months ending June, 
engine brakes were held tight on just at the moment of | 1879, the writer has compiled, from the Board of Trade 
coming to a stop, without an equal brake power being returns on continuous brakes, the appended Tables I. to IV., 
appli to the rear of the train, and that the sudden recoil | which give the total number of failures recorded against 
of the buffers caused the breakage of the couplings. But | the following automatic brakes, the Westinghouse, the 
if the engine brake is gently released at the moment of the | Sanders or Sanders and Bolitho, and the Steel-McInnes. 
stop, or the rear brake gently applied, this violent action | For comparison with these the Smith vacuum brake has 
will never take place, and with any continuous brake what- | been selected, and the failures of that brake are also shown. 
ever, capable of easy regulation, it can be avoided without | These failuresare throughout distributed under several head- 
difficulty. Strong couplings should in all cases be the | ings according to what appear to have been the circum- 
sufficient safeguard against all breaking loose of trains | stances of each particular case. An examination of these 
from whatever cause. Tables will amply bear out the remark just made, as to 
On the other hand it of be shown that every automatic | the larger number of failures in working parts with auot- 
brake has at least double the number of parts that a non- | matic as compared with non-automatic brakes. 
automatic brake has ; therefore there is double the risk of III. The next point for consideration is the number of 
failure from parts getting out of order, as well as a much | cases where, through defect in automatic ap tus, brakes 
greater risk of improper use by the men who have to work | creep on whilst the train is running, and ly stop it, 
and bandle the brakes. Further, many of the working | often at most objectionable places. Among special in- 
parts of an automatic brake are complicat stances may be mentioned that of the Blaenmoor tunnel, 
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TABLE III.—Worxine or BRAKES FOR SIx MONTHS ENDING JUNE, 1879. 
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» North-Eastern one 3 3 Si oss ee 1 1 | 6 erry 28,134 
a West Lancashire .., sod ‘axe vee oi @ os tee as; vo f 
” Caledonian ... ose and pn 1 8 3 ae an 6 | @ 80,052 8,894; 26,684 
+ Giasgow and South Western ...| ... ashe 1 on pine gee ons 1 131,337 131,337 
o Glasgow and Bothwell Py 1 pre ons h See | 1 66,187 66,187 
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Totalsandaverages ...  ...| 70] 91 [118) 25 | 17) 2) 24 7 1285 1,503,838 6,399 | 60,153 
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i Great Eastern uA oie P 1 ae oie sil 326,316 25,101 
rf Great Northern 6 41} 1 é 47 | 1,470,089 | 31/277 
-, Great Western “in oon dite 5 4 5 84,395 16,879 21,098 
A London Chatham and Dover coe Qi os 4 19,586 4,896 
es Manchester, Sheffield, and Lin- 
colnshire ... ois pe, ess] cco 9 9 273,221 80,357 
Pa Manchester, Sheffield Junction, 
and Altrincham ... “a a Pr 2 ad 9 86,666 9,629 
- Metropolitan... 4 3 aon ean 7 554.668 19,238 
° Midland oe eos 14 2 1 14 173,910 12,422| 86,955 
e North Eastern 23 3 2 23 252,473 10,977 | 84,157 
” South Eastern one oss é ons 114,578 
m Taff Vale... ose on eee] oo one 72,097 
a Great Northern of Ireland Aa Se nn 35.030 
ae Great Southern and Western cf | 
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Midland and Great Western of 
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N.B.—In every instance failures of brake rigging are included. 


TABLE IV.—Summary or Tasuzs I., II., IIL., 


AND List oF STOCK FITTED WITH EACH BRAKE. 
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3 a | December, 1878 1| 3] 9/ 6 1 coe | 4/12] 17,294 $1,705 | 190,234 | 58) 175 
E < | June, 1879 7| 6} 61/15] ... 6 4 | 74 2,894 14,277 | 214,165 | 86) 287 
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al 
where a Midland train was pulled up in this way ; also the ; not be employed on long inclines or —— | gradients.” This 
accident at Wemyss Bay, whena following train ran into the | objection applies to “oy | description of automatic brake. 
one automatically stopped, and eee thirteen persons. On summaris the Tables I., II., and III., which give 
But besides these are, as column (7) of the Tables shows, a | the failures recorded in the Board of Trade returns for the 


number of instances where this automatic stoppage has 
been, to say the least, most inconvenient. It must be 
further considered that this large number of stoppages are 
without any countervailing advantage whatever ; and that 
this process of ves ge on whilst running has a strong 
tendency to heat and injure tyres, and also to induce an 
immense waste of fuel. 

IV. Where trains are worked down long inclines, none 
of the existing automatic brakes work as efficiently as the 
non-automatic, because the former cannot be so easily and 
nicely regulated as the latter. This fact is mentioned in 
M. rf Marié’s report upon the two descriptions of es 
in use on the Lyons Railway, where he says that ‘‘ The 
Westinghouse brake is so difficult to moderate that it could 


half-years ending June, 1878, December, 1878, and June, 
1879, respectively, the writer finds that the total number 
of instances in which the several automatic brakes were 
rendered useless through failure amounts collectively to 
82 for a recorded mileage (that for two half - years 
only being returned) of 2,900,435$ miles ; whilst with a 
similar of 8,338,481 miles the non-automatic brake 
named has only 21 instances (including the two cases 
of broken couplings notified in the June half of 1879) 
where it was rendered useless. Thus, assuming that the 
relative mileage in the first half-year was the same as in 
the other two, the absolute failures in to mileage 
with the automatic and non-automatic brakes are about as 
eleven to onc. This fact appears especially adapted to 








indicate the relative value of the two descriptions of brakes, 
looked at from the point of view of their forming a reliable 
ae capable of working a train with safety through- 
out a —, 

Next to this comes the question of liability to mis- 


management on the of the men who have to use the 
brakes, and also of who have to couple and uncouple 
them. Here it vig tr from column (3), Table IV. 

with the automatic es the failures recorded as due to 


mis it were 88, and with the non-automatic brake 
27; which, taking the relative mileage into account, gives 
a ratio of about nine to one. 

Next comes the question of reliability as a train-stopper. 
Here it will be found from column (10), Table IV., that the 
relative result is three to one in favour of the non-automatic 
brake : the total number of cases of overrunning stations, 
eae Bone the Smith brake being 22, and with the automatic 

rakes 28. 

Again, if the total recorded failures are taken, the anto- 
matic brakes will be found from column (11), Table IV., 
to give collectively 457 cases, and the Smith brake 264 ; 

iving a relative result of about five to one. This should 
be a guide as to the amount of care required in maintaining 
the two descriptions of brake. 

We have next (in Column 7, Table IV.) the cases where 
automatic brakes apply themselves and stop trains. This 
has occurred as many as 38 times, and in one of these in- 
stances the train was pulled up in the Blaenmoor tunnel, 
very much to the alarm and annoyance of the gers. 

ext comes (in Column 8, Table IV.) the record of 
cases where chain-couplings have been broken by the action 
of the automatic brakes. Of these there are few. 

Then comes (in Column 9, Table IV.) a list of 81 cases 
where the automatic brakes would not release when re- 
quired, until some particular part or defect was attended 
to: under this class of objectionable incidents must be in- 
cluded the Wemyss ~ accident, when thirteen persons 
were more or less injured. 

In concluding his paper, the writer has only to call atten- 
tion to the several tabular lists given, and the comparisons 
to drawn from each. These, he thinks, furnish very 
strong reasons for the opinion held by him, that there is not 
as yet in existence any automatic brake sufficiently reliable 
to justify its use in preference to the best descriptions of 
non-automatic brakes. For example, as the of 
Trade impress upon railway ye = ee the necessity 
of keeping punctual time, the fact that automatic brakes 
have in a number of instances delayed trains, through 
failure in the automatic arrangements themselves, forms 
SSooguiel ty the ened of Toahe to Guatdl ageinst deomune 
is req y the e 
when trains part asunder. But automatic action 4 
itself caused fully half the number of such accidents: 
hence it seems hardly worth while to use an appliance 
— doubles the number of these rare cases of i 

loose. 

The writer has not noticed the Clark chain-brake, as it 
appears to be used more as an emergency brake than other- 
wise. He has also endeavoured to avoid critici any 
particular brake, vagy Ry the desire to call attention to 
what appear to him to substantial objections to all the 
automatic brakes which have come into anything like ex- 
tensive use upon the railways of this country, and in this 
way to bring on a thorough discussion as to the desirability 
of adopting automatic es in general. Such a dis- 
cussion, he believes, will develop substantial grounds for 
insisting on further improvement and experiment, before 
any stringent measure in this direction is enforced upon 
railway companies. It appears absolutely necessary ¢ 

any automatic brake which is to be regarded as satisfactory 
should be less complicated than any now in use; and to 
effect this improvement, yet further thought must be 
applied to the problem, and yet further experience acquired 


to achieve its solution. 








FIXED AND MOVABLE WEIRS. 

At the meeting of the Institution of Civil Engineers 
held on Tuesday, the 20th of January, Mr. W. H. Toston, 
F.R.S., President, in the chair, the first read was 
‘** On Fixed and Movable Weirs,’’ by Mr. L. F. Vernon- 
Harcourt, M.A., M. Inst. C.E. 

Weirs were employed for raising the water-level of a 
river for navigation, for irrigation, or for mills. A weir 
was placed across the queenlony channel of a river, when 
the navigation channel was occupied by a lock; and it 
served for maintaining the water above at the proper level 
for navigation, the discharge of the river flowing over the 


weir. eirs constructed on the Severn about forty years 
ago were placed obliquely across the stream to increase 


their ~~ , and thus to insure a greater discharge over 
them. Pointed and curved weirs had been often used for 
the same purpose, with the additional advantage of keepin 
the main current in a central channel. These weirs, whi 
might be termed overfall weirs, were commonly formed of 
a bank of rubble stone protected on the face by pitching, 
and sec from undermining by sheet piles. 

_ Draw-door weirs had frequently to be provided in addi- 
tion to overfall weirs, to ee sufficient outlet for a river in 
time < a A pe oor weir —— of a series 
u posts, placed at regular intervals across a portion 
of “the stream, between which panels or doors slid in 
grooves, and were rai or lowered from a foot-bridge 
above. Ted m weir furnished a fine example of a 
composite overfall and draw-door weir placed very obliquely 
across the Thames. Small draw-door weirs, as well as 
overfalls, were generally constructed at water-mills, for re- 
gulating the flow of the stream. 

Ov weirs, called anicuts, had been erected across 
several Indian rivers, to preserve and divert water for irri- 
gation. Formerly they consisted of embankments of sand 
or loose stones, which held up the water in the dry season 
and were washed away in flood time. They are now gene- 





rally made of dry rubble, concrete, or rubble stone set in 
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flat slope on the down stream side. at the side 
served to di excess of water and to remove silt 
The Godavery anicut had a total length of miles, and 


the Dehree anicut was 24 miles long. Some of the weirs in 
orthern India the i 


on a horizontal axis on floor level. These coe aes 
were termed dams in and resembled draw weirs 

M. Thénard’s poe Sale weir- Dams cost less 
than anicuts, interfered with the flow of the river, and 
prevented the accumulation of bove the weir 

A brief history and i followed, of the various 
kinds weirs on some rivers in France 
and in There were no instances, as far as the 


author was aware, of similar weirs in England; and very 
little information was given about them in the Proceedin 
of the Institution, or in other English publications. Mov- 

weirs were barriers across a river to keep up 
eT ee cent the tochouiion ichenltintion We 
emp or e naviga’ intermi ily by 
flushing. This ae in producing a temporary artifcial 
flood by the sudden opening of the weir, by which a convoy 
of boats, collected above the weir, were floated over the 
shallows below. In time of flood these weirs were entirely 
removed so as to present no obstruction to the flow. 

were five different types of movable weirs: 1. 

The beartrap. 2. M. Poirée’s frame or needle weir. 3. 
M. Chanoine’s shutter weir. 4 M. Desfontaine’s drum 
weir. 5. M. Krantz’s pontoon weir. — ’ 

1. The Bear Trap.—The first weir of this type was 
erected on the Lehigh river, Pennsylvania, in 1818, had 
since been introduced inte France at Laneuville-au-Pont 
on the Marne. It consisted of two gates turning on hori- 
zontal axes at the bottom and inclined to one another when 
raised, the upper gate resting on the top edge of the lower 
gate. When the weir was lowered, the up-stream gate lay 
tiat on the down-stream gate. The gates were raised ~ 
introducing water under them from the upper pool, an 
lowered by letting the water below them flow away into 


the lower pool. sluice gate communicating with the 
up pool v 
as rame or 


been sbut. 
eedle Weir.—This system consisted of a 
series of wrought-iron frames, placed parallel to the 
current, turning on hinges fixed to the apron, and con- 
secured when standing upright by movable 
horizontal iron bars. Wooden spars or needles, restin 
against the sill at the bottom and against the horizon 
bars at the top, formed the dam which kept up the water. 
The frames were placed about 34 ft. apart, and carried a 
footway on the top, on which the weir-keeper stood to re- 
move or replace the needles. When the river was in flood, 
the needles having been removed, the frames could be laid 
flat on the apron. The first needle weir was erectod on the 
Yonne in 1834, and since then the system had been in- 
troduced on several rivers in France, and on the Meuse in 
Belgium. This system was not well suited for high weirs, 
on account of the great increase in weight of the needles. 
Accordingly at Notre-Dame-de-la-Garonne the needles 
had been replaced by a sort of shutter, formed of a series 
of horizontal boards jointed together, which slid between 
the front part of the frames, and which could be rolled up 
when the weir was to be opened, M. Boulé had used a 
series of horizontal boards for the same purpose, which 
could be lifted successively by a crab on the foot bridge. 

8. Movable Shutter Weir.—This consisted of a gute or 
shutter, turning on a horizonal axis a little below half its 
height, supported on the top of a wrought-iron tressel 

i tothe a m of the weir. the weir was 
closed the tressel was upright, the shutter abutted at the 
bottom against a sill and was sup in that position by 
@ wrought-iron prop, hi to tressel, in at an 
angle of 45 deg. and resting at the bottom in a cast-iron 
shoe, from which it could be released by a sideways pull 
produced by a bar with projections. When the prop was 
released it lia down the apron, and the tressel and shutter 
fell flat upon it. The weir was raised by pulling up the 
shutter to a horizontal position by a chain attached to its 
lower end, and when the tressel was upright and the prop 
in position the pressure of the water sufficed to close the 
shutter. The first of these weirs was erected at Conflans- 
sur-Seine in 1858 ; and several others had since been put 
up on the Seine, the Yonne, and the Marne. 

4. Drum Weir.—This was com of two paddles 
able to make a quarter of a revolution round a horizontal 
axis between them. The upper part formed the weir gate, 
and was moved by water, let in from the upper pool into a 
recess below the sill, called the drum, acting upon the 
lower paddle, cansing it to revolve. The weir was closed 
or opened according as the water was admitted into the 
drum on the upper or the lower side of the lower paddle. 
The first weir of this kind was erected at Damery on the 
Marne in 1857 ; and similar ones had been ased at several 
overfall weirs on that river. 

5. Pontoon Weir.—The shutter closing the weir was 
hinged to a wrought-iron pontoon ing in a cast-iron 

nit and hinged to the lower side of it, both a 
and shutter revolving on horizontal axes. W the 
weir was open the = ane lay flat in the conduit, with 
the shutter resting flat upon it. To close the weir, water 
was let into the conduit from a reservoir at a higher level. 
The pressure of water raised the pontoon, which 
i is at the lower end and raised the 
ion had been commenced 
at Port-Villes on the Seime; but some experiments at 

icati in working it, this type of 
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gs | must form a part of any scheme for mitigating fi 


movable weirs. The simplicity of the needle weir rendered 
it preferable for low weirs across rivers with continuous 


. | navigation and even flow ; but the shutter weir was the 


most suitable for high weirs across rapid rivers, and 
where the navigation was conducted by flus ing. 

The neglect and silting up of rivers and the extension 
of subsoil drainage were the causes of the floods which so 
often occurred in river valleys. The existing river- 
channels being unable to off the flood waters, even 
in summer, must be e . This could be = & 
raising banks at the sides, or by increasing the depth 
width of the channel. The first 
the first instance, had led, in the long run, to so many 
disasters, that the author was convinged that, except in 
districts like the fens, where no fall was obtainable, the 
embanking of rivers beyond the tidal portion of their 
course was unadvisable. The alteration of existin — 
Ss, au 
additional weirs wo be needed if the river bed was 
lowered, in order to keep up the water level in summer forthe 
sake of the adjacent lands. Movable weirs, when lowered, 
presented no obstruction to the stream; they could be 
carried to greater depths than the ordinary type of fixed 
weirs, and they could be made self-acting. In conclusion, 
the author expressed the opinion that movable weirs, which 
had been successfully adopted in France for a long time, 
were worthy of the notice of English engineers. 

The second paper was ‘‘On Movable Dams in Indian 
Weirs,”’ by Mr. R. B. Buckley, Assoc. M. Inst. C.E. 

This paper commenced with a brief,description of Indian 
weirs, and then proceeded to show the necessity for having 
portions of these weirs movable, so that the silt and de- 
—_ of different kinds might be swept away from the 

eads of the canals supplied from the rivers above the 
weirs. A description was given of the form of movable 
weir which had been adopted on the Mahanuddee and 
Cossye rivers. The shutters were hinged to a horizontal 
axis on the floor of the sluice in two rows placed back to 
back. The upper ones folded up stream and the lower ones 
folded down stream. The back or down-stream shutters 
were abont 18 in. higher than the front row. When the 
movable dam was open and the water flowing over it, the 
front or ap-stream shutters were held by hooks to the floor, 
so that they could not rise. To close the sluices the hooks 
were released by a bar, which could be manipulated from 
the pier; the shutters were at the same time slightly lifted 
by the same bar, and when the stream got under them they 
were forced upright. Chains which were attached to the 
front of the - received the severe blow which was 
brought on them by the sudden raising of the shutters. 
The back shutters, as soon as the front ones had been 
lifted, were raised by hand from the back, and were re- 
tained in position by wrought-iron struts behind them. 
When all the back shutters were up, the lower ones were 
pushed down on to the floor and fastened with the hooks, 
and the movable dam was then ready to be opened at any 
moment. To open the movable dam, the strats of the 
back shutters were released from the cast-iron shoes in 
which they rested, by the action of a horizontal bar which 
lay on the floor. This bar caught the struts one after 
another, as it was moved by gearing on the pier, and re- 
leased them; the shutter then fell and the waterway of 
the sluice was opened. 

On the Sone weir the movable part was in three lengths 
—one at each end, and one at the centre of the weir. Each 
length consisted of 22 shutters, 20 ft.7 in. long by 9 ft. 9 in. 
high. There were two shutters, the front and the back 
one, between stone piers; the front shutter was hinged 
horizontally at its heel to the floor. It folded forward—or 
up stream—into a nearly horizontal position on the floor. 
Each shutter had on its down-stream side six hydraulic 
brakes. These impeded the closing of the shutter, and 
prevented the shock which was so objectionable ir the form 
of movable dam previously described. The brakes were 
simply formed of a pipe which was hinged to the shutter, and 
a strut hinged to the floor, the head of which was fitted with 
hydraulic packing. When the front shutter was lying hori- 
zontally the pipe became full of water from the river. In the 
pipe were three holes ;4, in. in diameter, through which the 
water was expelled as the shutter rose. The back shutter 
was hinged by tension rods on its pore y face. The 
rods were hinged at one end to the shutters a few inches 
below the centre of pressure of the water on the shutter 
when erect ; the other extremities of the rods were hinged 
in the floor between the two shutters. The shutters, aan 
the water was level with their crests, were on the point of 
overturning, as they were hinged slightly below their centre 
of pressure. When the water rose a little above their 
crests, they did overturn. Chains to prevent them doing so 
were fitted with let-go gear. As arule, the back shutters 
were kept up to retain the water, the front ones being 
fastened down on the floor. If a flood was expected, the 
chains of the back shutters were let go, and when the river 
had risen to a certain height, they opened of their ownaccord. 
To close the movable dam, the front shutters were one by one 
slightly raised by hooks worked by levers from the piers. The 
stream then impinged below the shutters, and forced them 
up into the vertical position. The hydraulic brakes de- 
creased the velocity with which the shutter would ascend, 
and relieved the piers and maso from shock. When 
the front shutters had been raised, the back ones were 
pulled up by hand, and the front ones were put back into 
their horizontal position on the floor. Some improvements 
in this form of weir were suggested. As the action of the 
movable dams of the Sone weir had not been found snffi- 
ciently powerful to keep a channel clear for navigation, a 
row of shutters, similar in principle to the back shutters, 
but only 2 ft. 3 in. high, was to be placed all along the 
crest of the weirs, which were 2} miles long. The 
described _ bri 
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; paper 
efly a system of double-tumbler shutters, 


mired | which had been proposed {by Mr. Fouracres, who intro- 





duced the system of the Sone weir, but which had not been 
as yet adopted in practice. 


plan, though cheaper in = 


FOREIGN AND COLONIAL NOTES. 
Crossing the Detroit River.—A board of engineers ap- 
pointed to consider the question how railaoads can best 
cross the Detroit river, is unanimously of opinion that the 
most complete solution of the problem is the construction 
of a tunnel under the river. 


South African Railways.—The rails on the Beaufort 
West Line have been laid into that town, and the first en- 

ine has arrived there. The total h of the line from 
Eape Town is 351 miles, and the total cost has been as 
fo! : Cape Town to Wellington, 773,0191. ; Welli n 
Worcester, 451,4231.; Worcester to Beaufort West 
(1877 vote), 1,390,0007. ; Worcester to Beaufort West (1878 
vote), 229,7921.; total, 2,844,234. 


Spanish Iron Ore.—We learn from Bilbao that the price 
of Spanish iron ore is sensibly advancing. The current 
price for Companil is 11s. per ton, and an important con- 
tract has been concluded for Vera Dulee at 12s. per ton. 


Rails in Belgium.—M. Deville Chatel recently invited 
tenders at Brussels for 5000 tons of iron Vignoles rails. 
No tender was, however, submitted ; it is inferred from 
this that the order books of Belgian industrials are very 
well filled at present. 

The Suez Canal.—It appears that 1476 ships passed 
through the Suez Canal last year as compared with 1593 
in 1878, and 1663 in 1877. The transit revenue collected 
last year was 1,185,1981., as compared with 1,243,929/. in 
1878, and 1,310,974/. in 1877. 

New Zealand Coal.—A fine seam of coal has been met 
with in sinking a new shaft at the Bay of Islands Coal 
Company’s mine. Several large blocks have been brought 
to the surface. Its appearance and quality are excellent, 
and the discovery will greatly enhance the value of the 
company’s property. 

American Railroad Construction.—Onut of a total of 
3738} miles of railroad built in the United States, in 1879, 
Kansas constructed 498 miles; Minnessota, 394 miles ; 
Iowa, 371 miles; Dakota, 220 miles ; Tennessee, 176 miles ; 
Missouri, 188 miles ; Texas, 187 miles ; Arizona, 153 miles ; 
and Nebraska, New Mexico, and Utah, 125 miles each. 
Ohio built only 213 miles, while New York took a low 
rank with 73} miles, and Pennsylvania a still lower with 
19 miles. Not one of the New England states added more 
than 15 miles to the total. One-fourth of the mileage 
built in the United States in 1879 was narrow gauge road, 
of which the largest totals were furnished by Ohio, Idaho, 
Colorado, Illinois, Michigan, Texas, and Tennessee. 


The Alfred Graving Dock.—From a return recently 
presented to the Victorian Parliament it appears that the 
Alfred Graving Dock at Williamstown, Victoria, cost 
341,8181., and that the amount of interest paid per annum 
on the total outlay is 16,5001. 


Forth Bripez Conrract.— We understand that 
Messrs. J. A. Currie and Co., cement merchants, Leith, 
have been successful in securing the order from Messrs. 
W. Arrol and Co., Glasgow, for the whole of the Portland 
cement that is to be used on the Forth Bridge Works. The 
quantity required is estimated to be over 20,000 tons. The 
above order, we understand, is equally divided between 
Messrs. J. C. Johnson and Co. and William Levett and 
Co., Limited, cement manufacturers, London. The order 
for the Portland cement for the Greenock New Docks (over 
6000 tons) has also been given by the contractor, Mr. 
- — Edinburgh, to Messrs. W. Levett and Co., 

mited. 


Emp.orers’ LIaBILitizs.—The following is the text 
of the proposed ‘‘ Bill to extend and regulate the liability 
of employers to make compensation for personal injuries 
suffered by persons in their service:’” ‘‘1. Where after 
the passing of this Act personal injury, whether resulting 
in death or not, is caused to a workman by reason of—(a) 
Any defect in the works, ee t, or stock used 
for his employer’s business; or (6) The wrongful act, 
neglect, or default of any person of any superior grade in 
the service of the employer, whether in the same depart- 
ment of service with the workman injured or in any other 
department; or (c) The wrongful act, neglect, or default 
of any person in the service of the employer, being a 
person to whose orders or directions the workman injured 
was bound to conform ; or (d) The wrongful act, neglect, 
or default of any person in the service of the employer, 
done or committed in obedience to the employer’s rules or 
bye-laws, or in obedience to instructions given by any 

on to whom the authority of the employer in that 
half was delegated; the workman injured and, in the 
event of his death, his executor or administrator on behalf 
of his family, shall have the same right of compensation 
and remedies _— his employer as if the workman 
injured had not been a workman of, nor in the service of, 
the employer, nor ¢é in his work. Provided that 
this section shall not apply where the workman injured 
materially contributed by his own negligence to the cause 
of his injury. 2. Every action by a workman or his exe- 
eutor or administrator for recovery of compensation under 
this Act in which a sum not exceeding 2001. is claimed 
shall be brought in a county court and not elsewhere. 
Upon the trial of any such action in a county court, one or 
more assessors may be appointed for the purpose of ascer- 
taining the amount of the compensation. For the purpose 
of regulating the conditions and mode of appointment and 
remuneration of such assessors, and all matters of pro- 
cedure relating to their duties, rules may be made, varied, 
and repealed from time to time in the same manner as 
rules for regulating the practice and procedure in other 
actions in county courts. 3. ‘ County court’ shall mean, 
with respect to Scotland, the Sheriff's Court, and with 
respect to Ireland, the Civil Bill Court. 4. This Act may 











be cited as the Workman’s Compensation Act, 1880.”’ 
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LITERATURE, 


Blowpipe Analysis. By J. Lanpaver. Authorised 
English Edition. By J. Tayuor and W. E. Kay. Lon- 
don : Macmillan and Co. 

Tue art of blowpipe analysis furnishes a portable 

and expeditious means of discovering the valuable 

constituents of minerals, and is therefore of the 
greatest service to the prospector and the mining 
engineer. This art, unfortunately, has made very 
little progress since it left the hands of Plattner, 
and it has never received so much attention in Eng- 
land as on the Continent. A pretty extensive lite- 
rature of the blowpipe is already available to Eng- 
lish readers. We have, for example, Plattner’s 

‘‘ Probirkunst mit dem Léthrohre,” translated in 

London by Cookesley, and in New York by Corn- 

wall ; Scheerer on the Blowpipe, edited by Blanford ; 

Professor Brush’s valuable work on Determinative 

Mineralogy ; and the suggestive treatise of Ross on 

Pyrology. A handy volume on the blowpipe, which 

shall contain the most approved methods, has been 

for some time a desideratum. The recent impetus 
given to the technical education movement by the 

City Guilds and others has been the means of 

directing more attention to such subjects as the 

present, and we have been induced to Eovete some 

space to the consideration of the work before us. 
The present book is a translation from the Ger- 

man of an adaptation by Landauer of Elderhorst’s 

‘¢ Manual of Blowpipe Analysis and Determinative 

Mineralogy.” The first chapter contains a descrip- 

tion of apparatus and reagents employed in blowpipe 

analysis. Along with the usual mouth blowpipes of 

Gahn and Black, we have figured and described a 

stand blowpipe of a design by no means elegant. 

The excellent mechanical blower of Fletcher is 

illustrated, and a bottle apparatus for the same 

purpose is recommended, but we do not think it is 
likely to commend itself to English manipulators. 

No mention is made of the trompe or water-jet 

blower, which is always available in a laboratory 

with a good water supply. In the second chapter 
the constitution of the candle flame is explained, 
and the methods of producing the oxidising and 
reducing blowpipe flames. Seeing that so much of 
the success of the blowpipe assay depends on the 
purity of these flames, we would expect that their 
production would be described with considerable 
minuteness; we are therefore surprised to find no 
mention is made of how to test these flames by the 
manganese or molybdenum borax beads. The 

order of the blowpipe operations is then given; a 

very good arrangement is adopted and carefully ad- 

hered to in the description of the various reactions. 

Amongst the novelties in the English edition we 
have here Ross’s aluminium plate reactions, The 
high conductivity of aluminium enables it, without 
fusion, to absorb heat which is (in the case of the 
blowpipe flame), though great in intensity, yet small 
in quantity ; and the same property of the metal, 
combined with the brightness of its surface, gives it 
an advantage over any other support, in condensing 
and detecting incrustations. e descriptions of 
the aluminium plate reactions are extracted from 

Hutchings’ valuable paper in the Chemical News, but 

the translators have erred, we think, in omitting so 

much of the careful practical details there given. 

The reactions with borax and microcosmic salt are 

exhibited in convenient tabulated form; and in 

connexion with the subject of flame colorations, 
there is a table containing the characteristic lines of 
certain metallic spectra which is likely to be of great 
assistance in the application of the spectroscope to 
this branch of analysis. In the examination with 
reagents, besides the well-known experiments with 
sodium carbonate, nitrate of cobalt, &c., the sulphide 
reactions obtained by heating with sodium hyposul- 
phite are described. The characteristic colours which 
are produced with certain rare metals by the reduc- 
ing action of nascent hydrogen are also enumerated. 
The chapter on Bunsen’s flame reactions introduces 
us to an interesting system of analysis, from which 
no doubt useful hints might be got for the further 
development of the dry method; the liberal use of 
wet reagents, however, must always preclude the 
use of the system in the field. The separation and 
identification of metals when occurring together in 
one compound or mixture, is elaborately treated in 

a chapter entitled ‘‘Special Examination.” We 

notice here certain novelties, such as [les’ glycerine 

test for boric acid, and Von Kobell’s test for bismuth 
by means of potassic iodide and sulphur. In the latter 
test an improvement by Cornwall is described, but 





no mention is made of the substitution of cchingn 
iodide for potassic iodide as proposed by Hu' 

The book concludes with a systematic examination 
of compound substances by the author which is well 
worthy of commendation, the blowpipe reactions in 
convenient and condensed tables, and Plattner’s 
tabular view of the behaviour of the alkalies, earths, 
and metallic oxides before the blowpipe. The book 
is well printed, with only one or two t phical 
errors ; a coloured eye of spectra is given as a 
frontispiece which, we think, we have seen before in 
works previously issued by the same publishers, 
The book, we believe, is as well suited as any we at 
present possess for class instruction, but from the 
meagreness of practical detail is unsuited for the 
use of the unassisted student. ‘The principle which 
has been adhered to of treating the subject as a 
scientific art, rather than as an unconnected collec- 
tion of individual tests, is likely to be attended with 
the best results. ' 
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AMERICAN IRON AND STEEL WORKS, 
By A. L. Hoiiey and Lenox Situ, 
No, XXXVIII.—TueE Works ofr THE PHenrx Iron 

: Company. , 

Tue Phoenix Iron Works are prominent among 
American iron works, not only on account of the 
great quantity of product they have turned out for 
many years, and the high reputation of their b 
work, but by reason of the large extent and the 
very excellent construction and arrangement of the 
new rolling mill, now nearly completed. The works 
are situated on French Creek, at Pheenixville, 
Pennsylvania, on the Philadelphia and i 
Railroad, 28 miles from Philad elphia, 80 miles from 
Harrisburg, and about 70 miles from the anthracite 
coalfields of Pennsylvania, The works were started 
on a small scale in 1790, and until 182] their opera- 
tions were restricted to the employment of a single 
pair of rolls and a rotary slitting machine driven by 
a water-wheel. After 1821 the works were materially 
increased in size; in 1845 two blast furnaces were 
built, and in 1846 a rail mill and another blast 
furnace were added. The Pheenix Iron Com 
becoming the owners of the works in 1855, com- 
menced the manufacture of beams, columns, bridge 
links, ship and bar iron, also bridges and roofs. 
The rail manufacture was gradually abandoned. In 
1870-71 the blast furnaces, rolling mills, and shops 
occupied 30 acres, and in view of an increasing 
demand for the product, the construction of a new 
rolling mill about 3000 ft. from the old works was 
commenced in 1872, and continued until December, 
1874, when it was interrupted by the general pro- 
stration of the iron industry; for the time being the 
capacity of the old works, about 20,000 tons per 
annum, was found equal to the demand. The con- 
structive features of the new mill will be described 
further on ; itis being rapidly pushed to completion. 
Its estimated product is about 80,000 tons per 
annum of merchant and bridge iron. ‘The old 
rolling mill will, thereafter, be used for puddling, 
and two of the most modern trains it contains wi 
be transferred to the new mill, About 1900 men 
are now employed ; some 2600 men will be required 
when the new mill is running, The company now 
owns about 400 acres of ground at Phoenixville, well 
situated for the extension of works. 

The old works are as follows: Three anthracite 
blast furnaces, two of them 15 ft. at the bosh and 
60 ft. high, and one 14 ft. at the bosh and 50 ft, 
high. Also one bridge shop 375 ft. by 92 ft., 
another 150 ft. by 35 ft., a third 140 ft. by 70 ft. ; 
one erecting shop 197 ft. by 60 ft. with a wing 40 ft, 
by 40 ft, ; the old rolling mill, the main building of 


Reading | lantern roof. 





which is 300 ft. by 200 ft, and the wing 150 ft. b 
250 ft.; and the puddle mill, which is Oakepel, 
250 ft. on one side and 240 ft. on the end, the inner 
portion being 130 ft. deep. The above buildings 
are constructed chiefly of wood, 

The old rolling mill contains one 9 in, three-high 
train, one 12 in, three-high train, one 18 in. three- 
high train, one 194 in. three-high train, one 18 in. 
two-high train, one 20 in. three-high roughing train, 
one 17 in. three-high roughing train, two 20 in. 
puddle trains, 21 double puddling furnaces, and two 
rotary squeezers. The old works produce about 
900 tons of merchant iron per week, of which about 
600 tons go into bridgework largely at present 
for elevated railways in New York. 

The size and quantity of work turned out is very 
good, considering that the existing works have not 
the room and capacity of works of more modern 
type; 6-in. angles 70 ft. long are rolled with case, 

0 channels of all sizes up to15 in. The hydraulic 
forging machinery for bridge links rapidly turns 
out very good work, at three operations: lst, up- 
setting the bar; 2nd, flattening out in a die; 3rd, 
punching and finishing the head. A mixture of 
two-thirds small anthracite and one-third bituminous 
coal is employed in the puddling furnaces. The 
tools for bridgework are numerous and well adapted. 
This shop has turned out perhaps more bridgework 
than any other in the United States, and its reputa- 
tion is high, The Pheenix column, employed in all 
structures for compression, is formed of segments 
of rolled iron rivetted together as shown by Figs. 14 
and 15 on page 104, which represent two of the sec- 
tions made. The iron for these columns is easily 
rolled and the form of column itself has many con- 
structive advantages which cannot properly be dis- 
cussed in this article. 

The New Rolling Mill.—This mill with its gas and 
boiler-houses is shown in plan by Fig. 1 of the two- 
page engraving which we publish this week, while 
the mill itself is shown in cross section by Fig. 2 on 
the same sheet. Details of the heavy al light roof 
trusses and of the columns and side construction 
appear on pages 104 and 112. The columns are of 
iron throughout (the Phoenix column), also all the 
main parts of the frame and the roof trusses. 
Figs. 3, 4, and 5 on our two-page engraving show 
portions of the side framing of the mill, The purlins 
and laths (upon which the slate covering lies) are of 
wood, excepting at three points, where the purlins 
are of iron to arrest the progress of fire. ‘The build- 
ing is, however, practically fireproof. A conflagra- 
tion usually starts in the light woodwork of a wooden 
This building has ventilators 16 ft. 
square by 12ft. high, with iron frames in place of 
lantern roofs. ‘The producer and boiler-house is 
similarly constructed of iron. 

In plan, the mill consists of two parallel buildings 
each 928 ft. long by 112 ft. wide ; these buildings are 
64 ft. a and are connected by four cross build- 
ings, three of which are 112ft. wide, the fourth 
being 128 ft. wide. The whole mill is thus 928 ft. 
by 288 ft. in plan, with five open courts along the 
centre. A roof construction is n in the 
Northern States, which allows the occasional heavy 
snows to slice off and fall upon the ground. The 
MM< arrangement of roofs employed in Great 
Britain would accumulate and retain a destructive 
weight of snow and ice, The Phoenix mill avoids 
horizontal roof valleys ne Boag of the courts along 
the centre, while it also the advantage of great 
width with “ev += on The courts are not 
waste spaces, they furnish the most convenient 
room, and they es promote excellent vende, 
and afford abundant light. 

The heavy 112 ft. trusses, which are marked A A 
in Fig. 2, and the construction of which is shown by 
Figs. 7 to 13 on page 112, bridge over the sides of 
the courts, and carry the light 112 ft. trusses of 
the two main buildings, These light trusses are 
hung by tension rods from the top chords of the 
heavy trusses, thus allowing free expansion and # 
large saving of material as com with resting 
the light trusses on the bottom chords of the heavy 
ones, The tie-rods by which the light trusses just 
mentioned are — are shown in Fig. 7 on 
page 112, while Fig. 6 on page 104 shows half 
of one of the light trusses, the half shown however 
being that which takes a bearing on the side of the 
building. 

The puddle bar and the stee) stock (should steel 
works be added) are conveniently distributed to the 
heating furnaces, from the yard between the mill 
and the producer house. Twenty-six Siemens re- 
generative gas furnaces of suitable size stand in a 
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line, Parallel with the furnaces, in the same build- 
ing, stands a line of roll trains as follows : 

Cylinders. Stroke. 
in. — “ee i 
28 plate train, compound engine 


. 80 and 46 36 
22 universal train, compound engine 30 ,, 46 36 
9 ma non-com. - 20 20 
18 bar train, compound engine . B&B, 8B 36 
~ L . 19 4, 2% 26 
18 column train, compound engine... 25 ,, 38 36 
22 ” ” ) 30 ” 46 36 
26 beam train, 90 * 60 


oe D » 42 

There is room for another large train. It will be 
observed that all the bar trains are so situated that 
bars deliver into the cross buildings, where the 
sawsare. The whole of the other 112 ft. by 928 ft. 
building is occupied by hot beds and finishing appa- 
ratus, as shown in the plan. This large finishing space 
is = exceptional, and of the greatest convenience 
and importance, ‘There is a very large yard along- 
side this building. It is traversed by both standard 
and narrow gauge railways for the handling of 
materials and product, 

The compound engines are all vertical and con- 
densing, and of the ype shown by the engraving on 

tv e 


the o ite page. regular Corliss valve and 
cut-off gear is employed on the high-pressure cy- 
linder, The engines are very heavy and strong, 


with large bearing surfaces. The standard boiler 
pressure is 80 lb. 

The bar trains are all three-high, and of the 
Fritz type, as illustrated in connexion with the 
description of the Bethlehem Iron Works (see En- 
GINEERING, vol. xxiv., e 32}). The middle roll is 
fixed vertically, and the top und bottom rolls are 
adjusted by screws. In front of the first groove in 
each bar train there are driven vertical rolls, which 
are found to greatly facilitate the smooth entrance 
and rolling of iron piles. 

The five sets of ey twenty-four producers 
in a set, stand in line with the furnaces (across a 
atock yard 94 ft. wide), and they alternate with four 
batteries of boilers in the same line. ‘Lhus both 
gas and steam have a short course to all the fur- 
naces and all the engines. The producers are of 
the Siemens type, modified to receive blast, and 
burn small anthracite coal. There are in all six- 
teen nests of boilers. Each nest is composed of 
four 12 ft. by 4 ft. shells, containing each seventy- 
two 3in. tubes, and connected by a {mud drum 
below ; over and connected to these lie four 16 ft. 
by 4 ft. shells without tubes, to be kept half full of 
_ water; the products of combustion pass under the 

tubular boilers, return through the tubes, and go 
thence under the top boilers to a chimney which is 
central to four nests. 

Coal for the boilers and producers comes in from 





the mines on a railway elevated 19 ft. above the 
firing floor. Débris is removed from the producer 
and boiler pits by a railway leading off to an ample 
low dumping ground. It would be difficult to 
arrange fuel and material supply, producers, boilers, 
furnaces, and trains, more conveniently, or so as to 
be operated more economically. 

The water supply—a most important feature of a 
large plant—has been provided for in avery thorough 
manner. A reservoir containing 4,800,000 gallons 
has been constructed 50 ft. above the general level, 
and this is supplied from the creek by a Worthington 
pumping engine. 

The new plant was designed by Mr. John Griffen, 
the general superintendent of the works, who has 


been connected with them since 1843, and is one of | p 


the most experienced and successful of American 
rolling mill managers and engineers, 








NEW ZEALAND RAILWAYS. 
(From an Occasional Correspondent.) 

In a former letter* I promised you a description of 
the Fell Incline Railway on the centre rail system, 
as now worked on the line from Wellington to 
Featherston. Starting from the summit of the 
Rimutaka hill, 1300 ft. above sea level, we pass 
through a tunnel half a mile long, on a level, cut 
through rock and shale, and lined with cement con- 
crete blocks. On emerging from the tunnel we come 
on the centre rail and descend for three miles down 
lin 15. Itisimpossible to describe the beauty of the 
wild scenery the whole distance, with the line winding 
in and out round the sides of the hills and on preci- 
pices, hundreds of feet above the small river which 
flows below for some distance, and finally loses itself 
in the dense bush. Nearing the bottom of the incline 
we come in view of the Wairapa Lake and plains, 
than which nothing can be finer after so much hill 
scenery. Ona full moonlight night 1 consider it the 
grandest sight in the world, and well worth coming 
14,000 miles to see. I have travelled over Europe 
and have seen nothing to compare to it. The loco- 
raotives for working the incline, of which three or 
four are on the plan patented by Mr. Fell, were 
made by the Avonside Engine Company, Bristol, 
and as samples of locomotive manufacture cannot 
be surpassed. The narrow gauge, 3 ft. 6 in., is, 
however, a great disadvantage, as will be seen 
when I state that each locomotive has two outside 
cylinders 14 in. in diameter and 16 in. stroke, and 
two inside cylinders 12 in. in diameter and 14 in. 
stroke. 

The whole of the working parts of these two pairs 


* Vide page 83 of the last volume of ENGINEERING. 








of engines confined in so small a space, has neces- 
sarily had the effect of reducing the surface of many 
of the journals below what is actually required, but 
notwithstanding this, the engines work well and free 
from accident. The outside cylinders drive four 
wheels coupled, 2 ft. 8 in. in diameter, while there 
are also a pair of trailing wheels, 2 ft. in diameter, 
fitted with Widmark’s radial axle-box. The inside 
cylinders couple to a pair of steel spur wheels, 
1 ft. 10 in. in diameter by 34 in. broad and 2} in, 
itch; these are fixed on vertical axles, to the 
ttom ends of which are the steel discs, which 
are pressed on the centre rail by means of strong 
springs on each side. The weight of the engine 
loaded is 35 tons, and the pressure which can be 
ut on the centre rail by the discs amounts to 
32 tons, while the load guaranteed to be taken up the 
incline is 60 tons at a speed of four miles per hour ; 
but the engines are capable of doing this at six miles 
per hour. 

Of course coming down the incline the engine 
has only to control the speed of the train, and this 
is done by a brake on the centre rail, consisting of 
two cast-iron shoes forced against the rail. To de- 
pend on this alone would of course be unwise, and 
so recourse has been had'to brake vans, Those first 
constructed, according to the design sent from Eng- 
land, were a complete failure, and always out of 
repair, and how they could be allowed to be 
used seems a mystery. The constant breakages 
of these induced the Government to order two vans 
with powerful lever brakes, forcing cast-iron shoes 
against the centre rail ; but it was soon found that 
these levers being vertical, and the power applied 
horizontally, the nature of the force had a tendency 
to lift the centre rail off the sleepers, so that they 
also were a failure. 

Recently one of the employés designed a brake, 
which was fixed to an 0 van, and consisted 
of a strong wrought-iron crossplate, fitting in be- 
tween the frame sides of the van, and extending 
down to within 2in. of the top of centre rail. To 
this crossplate were bolted two wrought-iron solid 

destals, 12 in. centres, carrying each a wrought- 
iron spindle 4 in. in diameter, to the top of which is 
keyed a radial arm 2 ft. long, and the bottom of 
which has a short crank, to which are affixed the 
brake shoes. The outer ends of the two radial arms 
are actuated by a right and left-handed screw 
worked by a vertical shaft and a pair of mitre 
wheels in the body of the van, so that as the two 
arms are brought together the small cranks are 
forced to the centre rail in a “ gripping” fashion. 
The right and left-handed screw is so arranged that 
it can move freely from side to side on passing the 
curves, and so reduce the strain on the screw. This 
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brake has proved a great success, inasmuch as it is 
more easily worked by the sliding screw shaft than 
a fixed one, and does not subject the train to 
jerks on entering or leaving a curve, as the others 
did, and it is consequently in constant use. 

I have not heard whether the designer of this re- 
ceived any thanks for his trouble, most likely he did 
not. Passing from tkis subject, the workshops at 
Petoné are rapidly approaching completion, and the 
machine tools now being erected are all first class— 
planing, slotting, screw-cutting, and other machines 
of latest design, but curiously enough no preparation 
is being made forafoundry, This must be an over- 
sight, for Mr. Blackett, the engineer in charge of the 
North Island, is a man well up in all the require- 
ments of a new country. 

The new line from Wellington to Foxton has 
lately been commenced, and is progressing satis- 
factorily, and besides me up an entirely new 
country, has found means of employing a large 
number of men who were only the other day in a 
state of great distress. 

Politics are of no interest to your readers, or I 





could give you my views as to how far they have 
gone in producing the present state of uneasy feel- 
ing and distress now prevalent in the North Island. 
Of one thing let me assure you, that it would be a 
great mistake for any man to come out here for the 
next year or two in the hope that he would better 
his condition, unless he has money. Without this 
he would simply drag on a weary existence from day 
to day. 


THE RELATION OF POWER AND SPEED 
IN STEAMSHIPS. 
To THE EDITOR OF ENGINEERING. 

ea So gratified oy brn = — oo been or 
sidering the question mship propulsion by means o’ 
a resistance formula similar to the one involved in the 
special mode of investigation proposed by me. I my 2 fear 
that his well-meant explanations pertaining thereto do not 
the merit of —— nor the charm of novelty! 

n the case where one party iscoursing about a horse was 
replied to by another with considerations connected with 
its tail, things got somewhat mixed; so I hope Mr. Ed- 
monds will olen the iminary suggestion that ‘‘ the 
relation of power to speed in steamships” is a different 
matter from deductions as to ‘“‘ hypothetical indicated 











thrust.’’ This latter has been deduced from the indicated 
power, but introduces a h: hesis which eas important 
modifying influences, and is a quantity which is incapable 
of, or has never been subjected to, proper experimental 
verification ; whereas indicated power, important in a 
so of view, and acting directly on ‘‘ the true 
ineal g or seat of the human soul, the purse’’ has 
m determined without hypothesis, and with quite suffi- 
cient accuracy. 

Thus, it has been stated that within the limits of speed 
for which a given steam vessel is adapted, the law of the 
power appears to be 

B=b Vlog 'aV. . . . @) 
And reference having been made to H.M.S. Shah, in this 
vessel the constants are such that we have 





E=22.29 V log.! .0796V Sis - (2%) 
since it has been shown 
For trial speeds | 5.32 | 8.01 | 12.13 16.45 | Nautical miles. 
Power by formula ...| 315 | 775 | 2498 | 7477 Horses. 





772 | 2506 | 7477 


" 











» trial “| 318 





Unquestionably, greater simplicity of formula, combined 
with ‘pad agreement with experimental results, is scarcely 
possible. 

Hence, by the strictest mechanical principles, formula 
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(1) expressing the power, the resistance must be of the 
form (1+a V) & ; 

This is the matter brought to the same level, and to di- 
rect contrast to Mr. Edmond’s adopted hypothesis that the 
resistance is proportional to e ° 

Hence the deduction; for any speed V, the resistance 

portional to the first of these cannot be the same as 
fie resistance by the second, and the powers are necessaril 


unequal ; but the power by the first agrees exactly wit 
experiment, therefore the power by the second must be 


erroncous, and E is not the resistance ! 

However, adopting the cube hypothesis for the power 
asa useful practical approximation, the value of the quan- 
tity © is obviously in a constant ratio to V*, and Mr. 
Edmond’s remarks and illustrations as to the effect of the 


addition of a constant pee | to this latter to give results 
more in consonance with experience, is quite correct and has 


whatever, and the curve of pressures is 
laid down with more accuracy Lag ordinary processes of 
co-ordinate metry than b: . Froude’s pone geo- 
metrical method. This was admitted by Mr. Froude himself 
in a letter to me dated 28th of September, 1876 ; he wrote, 
‘*T believe you will agree with me here that at low speeds, 
at all events, the ship’s resistance is almost exactly as the 
square of the speed. If this be so, it follows that at all 
moderate er the piston pressures may be expressed by an 
equation of the form P (or P+r p, as you write it)=a+d V?, 
and the completion of the curve to the speed zero is accom- 
plished by the easy process of continuing the parabola 
which the equation represents. This may be done in two 
ways, one geometrical, and the other algebraical,” illus- 
trating which by a sketch, and the usual process of 
determining a and b by two experiments ; he added: “‘ The 
algebraical mode is more definite, and may be relied upon 
as accurate.”’ 

Mr. Froude was evidently unaware of the fact that on 
the 21st of March, 1876, a fortnight before the reading of 
his own paper on indicated thrust, I had le an ela 
rate exposition (see Transactions of Institution of En- 

ineers and Shipbuilders in Scotland) with a view to show 


serves no pu 


been applied practically for that very purpose, because me- | g1nee 


chanical principles, not empiricism, make it a necessity. 
In the Transactions of the Institution of Engineers and 
Shipbuilders in Scotland, April, 1875, (disenssion of Mr. 
William Denny’s paper ‘‘ On the Difficulty of Speed Calceu- 
lation’’), to mitigate the very objectionable variations of 


coefficient in the Admiralty formule C= ™{V* 1 inai- 


Al , 
cated “‘in the first degree’’ three special corrections. First, 
** to reduce the mean effective pressure on the piston by a 
pressure which, in each case, ought to represent the pres- 
sure necessary to work the engine unloaded at the speed 
of trial. We first correct the gross indicated power E by 


multiplying it by a fraction of the form P+rp—s — 5» 
Pp 
This is not well expressed, the last part should have been 
pan “S; where f is the practically con- 
Tr 





of the form 


stant defect from pressure in accordance with Morin’s law, 
** the friction of motion is independent of the velocity.” 
In the cases considered I took f=5 lb. as a fair average 
value, adding the remark, “‘ the real value of this quantity 
in our ordinary direct action compound engines, would be 
an important piece of information which it is hoped some 
engineering member may see his way to experiment 
upon.’’ 

The result of the corrections on the ‘‘ Admiralty for- 
mula” brought it ultimately to the form published : 


i] — 
ying, fe etre—§, |, (3) 
H LYM 

Now, in the comparison with each other of speed trials 
in the same vessel at the same draught and circumstances, 
the factors of the second member, with the exception of 
the pressures, are invariable, and may be all combined in a 
new constant C instead of C:, so that (3), in this case, takes 
the simple form, 

V*=C (P+rp-5), 
which may be written : 


2 2 
P+rp=d+Vo =s+V" (4) 
when the special assumed value 5 is replaced by the general 
value f, which, in the first instance, is Morin’s frictional 
constant, but much modified by circumstances, such as 
difference of trim, direction and pressure of wind and other 
influences, and simply means the initial pressure of steam 
at which, under those influences, the pistons would begin 
to move. 

As explained, this quantity is constant throughout the 
trials so long as circumstances, except s » Temain un- 
altered; but it varies seriously with change of circum- 
stances, and each vessel has its own particular value. One 
year later, in April, 1876, at the Institution of Naval Archi- 
tects, the late Mr. Froude read a paper in which he ex- 
plained his deductions on that which he termed “ indicated 
thrast” briefly as follows : ‘‘ It is in fact the thrust which 
the propeller would be exerting if the whole force of the 
steam were employed usefully in creating thrust instead of 
partly overcoming friction, driving the air pump, and over- 
comiug other collateral resistances. Indicated thrust is 
simply a multiple of the steam pressure on the piston, and 
if this were given in the records of the trial, indicated 
thrust is : 

Mean piston pressure X total piston travel per revolution | 


Pitch of propeller 
when, however, as is commonly the case, the indicated horse 
power alone is given, the expression for indicated thrust is : 

33,000XLH.P. ,, 


} Pitch X revolution 
For comparison, put these expressions in the notation of 
my prior paper, and we have: 


« 
Texas x (P+r p) 








Ind. thrust= H 5=1.7 a Ptr). (5) 
As Mr. Froude observed, ‘‘ simply a multiple of the steam 
pressure,”’ and multiplying the members of (4) by this 
multiple, finally : a - 

Ind. thrust=1.57 “_* (P+ p)=1.57 ©_* ig 

n rus a | rp) aise} (6) 

The fundamental fact in this is obviously and simply 
expressed by (4); at any speed of vessel V the steam pres- 
sures (P+rp) divide into two parts, one f, which is in- 


variable, and the other 3’ varying as the square of the 


velocity. To determine f, the speed of the vessel V, the 
ratio of the two pistons r, and the mean di pressures 


P and p are alone necessary; the large common factor 





that the true form of the value of P+r p was neither a+ 
b V2, as written by him, nor f + 3° as deduced from my 


own equation, but very approximately (P+r p)=f 10 av 
=f log.~! « V, or, in more manageable form for calcula- 


tion, 
log. (P+rp)=log.f+aV . - (2 
Mr. Froude and many other able and estimable men have 
thought it, as Mr. Edmonds expresses it, ‘‘ highly improbable 
that the complex conditions of steamship resistance should 
be comprehended by such a simple law.” But this is fully 
met by the simple fact, improbable or not, that it is so ! 
Doubtless there are many cases in which the principles 
adopted by Mr. Froude and Mr. Edmonds are very 
approximately correct, I have often earnestly defended 
them against unfounded criticism and unfair aspersion, 
but there are many cases in which they are in hopeless dis- 
agreement with experience, and a formula which, while 
covering the ground occupied by these, also satisfactorily 
extends over those apparently anomalous cases, is not to be 
rejected use it runs counter to the preconceived notions 
of any one. : 
Take, for example, the very last column of figures in my 
paper, the piston ;spressures of the s.s. Melrose at the 
corrected speeds noted. According to my formula 
(P +r p)=3.527 log.~' .116 V. (8) 
Sup’ , as in Mr. Edmond’s Fig. 3 (see page 40 ante), 
we seek the average values of constants which would make 
the a+b V* formula agree with the observed piston pres- 
sures, it will be found that this can differ very little from 
(P+r p)=—9+.6V2 ‘ e (9) 
Hence the following comparative values : 














(P+r p) | Formula Diffe- | Formula Diffe- 

Speeds. | by Trial. (8). rences. (9). rences. 
7.59 | 26.58 26.78 +.20 25.57 —1.01 
8.67 35.84 35.74 +.10 36.10 + .26 
9.70 47.00 47.05 —.05) 47.54 + 54 
10.26 54.55 54,65 +.05 54.16 — .39 








It is very obvious the agreement of (8) with experiment 
is much closer than with (9), although, to get this latter, 
a value of a is adopted whichis simply absurd, implyin 
that the engine would begin to work with an initia 
pressure of 9 lb. on the wrong side of the pistons ; | 
at the value of a, and taking an average value for 6, would 
be far more reliable than the result thus obtained. On the 
other hand, by (8) the particular value of the initial con- 
stant 3.527 is reasonable, and a perfectly fair curve passes 
through it and the four observation values of (P+rp). We 
cannot, however, be sure that it is the initial friction of 
the engine in the sense in which that term is understood as 
pertaining to the machinery alone, tripping the vessel by 
the head or stern augments or diminishes this quantity 
very seriously. 

For example, the twin screw Houssa referred to in my 
paper on her first trial showed a value of f=10 lb. ; while 
on the second trial, with 75 tons greater dead weight and 
2 ft. greater draught aft, this was reduced to 7 lb. Again, 
in the South Australian trials we have f=7.73 lb., and 
with 130 tons more displacement, 10in. greater mean 
— the sister vessel Victorian had this quantity only 
4.39 lb, 

Refer also to the analysis of Messrs. Yarrow and Co.’s 
torpedo screw vessel trials (ENGINEERING, November 28, 
1879). From 20 knots down to 17.5, the value /—13.98 lb. 
appears to be fulfilled, while from 17 to 13.3 knots, it 
seems to have the very much smaller value 5.79 Ib. ! 

Facts like these show the great necessity for further 
careful experiments, and the veryjempirical character of 
much of our assumed science applied to these important 
inquiries. 

t is 120 years since Smeaton enunciated the important 


truth that all mechanical effects were the equivalent of 
wer expended ; and 80 years prior to this, Newton, ina 
ong overlooked or misunders passage of the “‘ Principia’ 


expressed the same idea. Cleared of an improperly 
applied conventional restriction, Newton’s actio agentis 
Smeaton’s power express the existence to which 
Newton’s contemporary Leibnitz applied the name vis viva, 
and which under the improved name “‘ energy’’ has of late 
years been extensively employed in physical and mathe- 
matical researches. 
_ A second of Smeaton’s great truths was, that force in 
its usual accepted sense is an indefinite term, and that for 
the proper investigation of mechanical questions we mus 
have recourse to power. The subject of Mr. Edmond’s 
note furnishes an illustration of this, which I think useful 








to notice. The power developed the ines of the 
Shah found by direct aio te the trials referred 
Se has been shown to be strictly expressed by the formula 
noted. 
But it may equally be resolved into s and pressure 
factors, the forms of which, very approximately, are : 
N=3.72 V log. .0003 V, 
2 P=2.302 log. .0793 V, 
giving the revolutions of the propeller, and the sum 
of the pressures upon the unit of each of her two equal 
diameter cylinders. (In the compound engine with unequal 
cylinders this is written (P +r p).) 
omnaing out these, and comparing with the trial data, 
we have : 

















Revolutions. Pressures, 

! 
Trial ; Diffe- | Diffe- 
Speeds. Formula.| Trial. R= Formula. | Trial, | rences. 
5.32 | 19.86 | 20.11 | — .25 6.08 | 607 | + 01 
8.01 29.96 29.71 + .25 9.94 9.97 — .03 
12.13 45.50 45.43 | + 07 21,08 2117 — .09 
16.45 61.88 65.35 | —3.47 46.40 43.90 +2.50 











It will be seen at the highest speed the pressure formula 
evidently fails, although at lower speeds it is nigh perfect ; 
the space formula as signally fails, but in the opposite direc- 
tion, in practical language, the propeller is racing. From 
some cause the water upon which the propeller acts has now 
some greater relative motion astern, so that the increased 
velocity seems unaccompanied by inc power expendi- 
ture ; the pressure falling in exactly the same ratio as the 
speed is increased, since 61.88 x 46.40=2872, and 65.35 x 
43.90=2869, practically the same. In to power de- 
velopment, this is an illustration of De Pambour’s 
principle of the velocity and pressures adjusting themselves 
to circumstances ; and in regard to power expenditure on 
fluid movements, an example of the directly interchange- 
able nature of velocity and pressure as a consequence of 
the practically perfect sy of incompressibility and 
mobility possessed by fluids. It will be obvious, to consider 
the trial pressures only, the highest would present an 
anomaly really due to the insufficiently definite nature of 
the phenomenon, force. Any deduction from a multiple 
of these numbers would labour under the same defect, and 
if the object of the inquiry were to arrive at a notin of the 
pressure under which motion began, this remaining a con- 
stant deduction through the experiments corresponding to 
Morin’s principle, multiplication of the diagram pressures 
= large ,constant factor is an unnecessary piece of 

ar 


In the case considered, the initial constant for the Shah, 
2.302, is the value of this quantity; and for any speed V, 
the pressures are obtained by adding to it, the quantity of 
which the logarithm is .0793V. This for the three first 
speeds is absurdly accurate, the fourth is the same if the 
trial pressure is augmented in the same ratio that the trial 
revolutions exceed the formula value. 

In further illustration, the four sets of Iris experiments 
furnish the following values : 

** [ris”’ Experiments. 
(P+rp)t. =3.957 log. ~' .0810 V. 
(P+r p)u. =3.827 log. ~! .0719 V. 
(P+r p)11=4.445 log. ~' .0692 V. 

_ (P+r p)iv.=4.055 log. ~' .0711 V. 

The initial constant in each case being the value of the 
initial pressure at which motion begins. In my opinion, 
these and like constants do not represent the machinery 
defect from pressure alone, but this quantity much in- 
fluenced by external circumstance, such as wind, draught, 
and trim, regarding which careful experiments remain a 
desideratum. 

RoBERT MANSsEL. 

Whiteinch, Glasgow, January 10, 1880. 








DISPERSION PHOTOMETER. 
To THE EDITOR OF ENGINEERING. 

S1r,—With reference to the description of a dispersion 
photometer given on pages 72 and 73 of ENGINEERING 
of January 23rd, TP allow me to point out that 
the instrument propo by Messrs. Perry and Ayrtcn 
appears to be based, so far as the dispersion of the rays is 
concerned, on the principle adopted, some years ago, by 
Mr. Thomas Stevenson, C.E., and described by him in the 
second edition of his work on ‘‘ Lighthouse Illumination,” 
published in 1871 (see vol. iii., pages 208 and 209), and pre- 
viously, in a paper in the Edinburgh New Philosophical 
Magazine for April, 1863. 

The characteristic feature of the instruments introduced 
by Messrs. Perry and Ayrton and by Dr. Hopkinson, 
cannot therefore, claim to be new. 

Iam, &e., 


Edinburgh, January 27, 1880. W. H. 8. 





BOILER INCRUSTATION AND 
EXPLOSIONS. 
To THE EDITOR OF ENGINEERING. 

S1z,—These two subjects, boiler incrustation and ex- 
plosions, so intimately connected with each other, have 
been so frequently brought before the public, both by dis- 
cussion and by lecture, that it is not necessary for me to 
enlarge upon them. I merely wish to throw out a few 
remarks and suggestions of my own bearing on these 
subjects. . : 

o prevent incrustation have the boilers treated with a 
good boiler composition ; to prevent explosions employ an 
experienced, industrious engine-driver, and have your 
boilers inspected periodically (but not by Government, 











Fes, 6, 1880.] 


ENGINEERING. 


107 





On this subject some correspondence took place in En- 
GINEERING of December 12th and January 2nd last). 

Incrustation being absent ina boiler, allows the inspector 
to make a more thorough and reliable examination. An 
efficient boiler composition, and say two inspections in 
twelve months, would be an annual ex: of about 81. 
for each boiler, and a certain preventive of explosions. 
But taking the saving of fuel, labour, and time thereby 
effected, and the preservation of the boiler generally into 
account, it is an actual saving of money to a considerable 
extent. 

The existing boiler compositions or anti-incrustation 
remedies in general use can be counted by hundreds, 
amongst which is, without doubt, one or another most 
excellent thing, but these are often condemned with the 
rest of their rubbishy competitors and for a very simple 
reason not generally known, namely, the owners of boilers 

lace themselves at a disadvantage as regards their know- 
edge of when they have a really good remedy by placing too 
much reliance and confidence in the men in charge of their 
boilers, the so-called engine-drivers. Of course, there are, 
like in everything else, exceptions to this rule, and, as in 
all instances, the innocent must suffer with the guilty. I 
speak of the entire class of engine-drivers asa body. As 
a rule they are uneducated men, grown up in some engine- 
house, and have learned their craft from their fathers or 
companions who cannot teach more than they know them- 
selves, which comes under their notice in the workshop, or 
what they hear from each other in the publie-house. The 
majority of them are open to what they call in their own 
language ‘‘ allowance money’’ (so much per barrel, per 
ewt., per cask, or in whatever shape the compound is sold 
in), and if such allowance is forthcoming from an un- 
principled manufacturer or his agents, no matter how in- 
jurious the stuff is, it is good ; no gratuity or an insufficient 
one causes the best composition to be pronounced bad. The 
employers all know about this and object to it most energeti- 
cally, but the engine-driver gets it nevertheless. er, 
where the men are not open to accept such allowance 
money and they get hold of a serviceable boiler compound, 
they find out very soon that their periodical cleaning of the 
boilers becomes superfluous, which stops their usual beer 
allowance and extra Sunday or holiday wages. To this 
they object and forthwith condemn the good anti-incrusta- 
tion remedy, and stick to the laborious and costly way of 
cleaning with the chipping hammer, in order to save their 
job. If this happens to be not a very heavy one it is left 
over for some future occasion, and the time for which drink 
and extra wages are paid is passed away in the boiler-house 
drinking and smoking. Should an unexpected visitor drop 
in, before the doors are unbolted to give him admittance, a 
screw is drawn or a tap uaemenell a man is letting a 
burning lamp, attached to a string, down through the man- 
hole, or some such little manipulation is performed until 
the visitor, fearing to soil his Sunday clothes, has taken 
his departure again. 

Thus I trace back the real cause of boiler explosions 
direct to the attendants of the boilers, as explosions occur 
from one cause only, namely, ‘‘ over-pressure of steam.”’ 
This cause can be avoided and any other suspected cause 
can be brought back to over-pressure, and this again to 
the negligence, oversight, or ignorance of the boiler at- 
tendants. 

I believe the first step to remedy the state of the existing 
evil is to start a school or an evenin; in every manu- 
facturing place where young men willing to fillthe post of 
an engine-driver might receive a practical education in the 
management of a boiler, and have the why’s and where- 
fore’s explained to them by a competent engineer. Men 
thus trained (and perhaps a certificate of their qualifica- 
tion in their possession) would receive better wages 
from their employers, who in their turn have a better 
guarantee as to the efficiency of their men and a greater 
aoe for the safety of people and plant working for 
them. 

This naturally would require many years to work round, 
but would be of incalculable benefit to the whole commer- 
cial world. In the mean time, however, it would be of 
considerable value if the owners would trouble themselves 
a little more about their boilers and do away with Sunday 
work and extra pay, which latter would be more usefully 
spent in boiler inspection. 


Manchester, January 28, 1880. 


Maurice ScHwas. 








ROLLING MILL AT BORISOGLEBSK. 
t To THE mez® OF ey “ 
S1zn,—In your issue of January t to notice an 
ag in your description of the small salen mill made 
ere. 
In my letter regarding this mill I stated that the monthly 
pes aay was fully 16 tons of finished bars, and this quantity 


atthe time stated was due to limited furnace power. The 
mill in reality is quite able to roll off a much greater 


quantity. 
Yours faithfully, 


Tuomas URQUHART. 


Borisoglebsk, January 7, 1880. 








THE PREVENTION OF SMOKE. 
To THE EpIToR oF ENGINEERING. 
S1r,—This city like many others in the United States, 
has been subjected to the annoyance of smoke for man: 
years past, and the nuisance has in with the growt 
of its manufacturing interests and the expansion of the 


railway system, until it has become almost intolerable. The 
in general use is bituminous, the consumption of 
anthracite being confined mainly to dwellings. 
Many plans for its combustion have been tried and others 
are brought forward from time to time, but none of suffi- 








cient merit to warrant otatie any considerable number 
of furnaces has yet been produced. fet : 

An Association (the Citizens’ Association of pepe 
formed for the purpose of assisting in reforms of a public 
character, has undertaken the task of recommending some 
system by which the annoyance of smoke can be abated by 
its combustion in an economical manner, and to that end 
have entered into correspondence with individuals and 
corporations in Great Britain and on the Continent for the 

of eliciting information on the snbject. 

Should you deem it proper to publish this letter, that 
course might forward our wishes by bringing us into corre- 
spondence with some of your ers who have valuable 
‘teas or plans for abatement of the annoyance of smoke by 
its combustion in factories, steamers, locomotives, and 
household stores and grates ‘in an inexpensive manner. 
Communications of that nature will be gratefully received. 

Yours respectfully, 
J.C. AMBLER. 

Chicago, January 7, 1880. 








THE CIRCUMFERENCE OF THE CIRCLE. 
To THE Epiror oF ENGINEERING. 

S1r,—A yearago I proposed a simple method of find- 
ing the circumference of acircle by an easy geometrical pro- 
cess. This method was published in your valuable paper 
in February, 1879 (vol. xxvii., page 193). Singularly 
enough a month after this publication the indentical 
solution of the problem was given by Professor Wiede- 
mann, of St. Petersburg, who published it in your German 
contemporary, the ‘‘ Dingler’s Polytechnisches Journal”’ 
(in April, 1879). By inquiry I learned that Professor 
Wiedemann had worked out that method some years ago, 
but had kept it to himself until he published it in April 
last, not being aware that the same solution had been pub- 
lished some weeks before in ENGINEERING. 

The circumference, as found by this method, was 
3.141421, differing from the exact value (3.141592) by 
0.000171, or by 0.005 per cent.. 

Since that time I have found another solution, which is 
even simpler than that mentioned above, at the same time 
being equal or rather slightly Supeee in exactness. The 
practical value of all such methods is, of course, open to 
doubt, but from a geometrical point of view the matter 
will perhaps be of some interest to your readers. 











Referring to the annexed figure the required construction 
is the following : 

Draw the two diameters A B and C D at right angles to 
each other, at B draw a tangent to the circle and make 
B H=83 d (d being the diameter of the circle). Then make 
the angle CO M=60 deg., and draw M N ata right angle to 
AB. The straight line NH will give you very nearly 
the circumference of the circle. 

This is easily proved. From the triangle B N H we have 


NH=4/BH?4+BN. 
But we have made BH=—3d and BN=B0+0 N=BO 
+0 M cos. 30 dog. = 5 + < cos. = (“tee Va, 
and, therefore : 
B H*=(3 a)? = 9.0000000 d2 
BIE toe. Og 0.8705127d2 





BH*+BN?* = 9.8705127d2 


NH=,/3 H?+BN® =3.141738d 
whereas the exact value is = 8.141592d 
Giving a difference of 9.000146, 
or 0.0046 per cent. 
Thus, ¢.g., with a circle of 100 ft. in diameter the diffe- 
rence would be rather less than +y in. 
A yet closer—and, indeed very close—approximation ma 
be obtained by finding the circumference according to bot 


methods proposed, and taking the mean value of the results 
obtained, by halving the difference. For we have : 
According to the first method mie 3.141421 
"a second ,, 3.141738 
Mean value 8.141579 


which differs from the exact value only by 0.000013 or 
by 0.0004 per cent., that is to say, with acircle of 2000 ft. 
diameter the difference would amount to + in. 
As amatter of fact either method alone far su 8 the 
uirements of common practice, and the combination of 
both would, therefore, scarcely be of any use. I have 
mentioned it only as a matter of curiosity. 
Iam, Sir, your most obedient servant, 
Prague, January 11, 1880. : D. Hasnis. 





THE PRESENT STATE OF THE PROFESSION 
OF A CIVIL ENGINEER, 
To tHe Epiror oF ENGINEERING. 

S1r,—I shall be much obliged if you will allow me s 
for a few words in reply to the letter of your correspondent 
** Junius” on the above subject. I write as an engineer 
without connexion with any contractor. We are told that 
contractors are ineligible to become even associate-mem- 
bers of the Institution of Civil Engineers because they are 
tradesmen, how then is it that manufacturing engineers, 


who are also tradesmen, can “and do become members of 
the Institution, and may attain to its peer honours ? 

Many contractors were engineers before they became 
contractors, and rightly or wrongly, I think wrongly, it is 
necessary for a contractor to have in himself, or through 
his agents, considerable engineering ability, and many 
large works owe their successful completion, in a large 
measure, to the skill and energy of contractors ; besides, is 
it or is it not true, that for many works the contractors 
have supplied the designs, the engineer simply approvin 
and responsible? That this state of things shoul 
exist is, I think, bad, as I believe that for the good of the 
penne the duties of the engineer and contractor should 

separated as far as possible, but while it lasts it will not 
do for us to throw stones and say that contractors and 
their engineers are not fitted to become associate-members, 
or even members of the Institution, when for anything 
we know they may be men of greater ability than our- 
selves, and it is only the rule of the Institution of Civil 
Engineers which prevents their taking higher rank. 

T am, Sir, your obedient servant, 
REGINALD E. MippuetTon, A.I.C.E. 
5, Westminster Chambers. 


WATER BALLAST STEAMERS., 
To THE EDITOR OF ENGINEERING. 

S1r,—I am unwilling to enter into any discussion as to 
the merits or origin of the new arrangement of double 
bottom for water ballast, and will not do so except to 
correct err stat ts. The note added to my letter 
in ENGINEERING, January 16, seems to invite reply. I 
will not say it adds insult to injury, but I must say it isan 
instance of the | and i acy of statement of 
which I have a right to complain. 

The firm with which you say I am not now connected is 
one which, with another gentleman, I founded and re- 
yore gy a member of until the end of 1879, when it ceased to 
exist. 

Your note speaks of the public requiring further par- 
ticulars — to the design of the Venton. I am 
quite willing to furnish any further information—though 
you have already published both the original design and 
that on which the vessel was built—but Ido not think the 

ublic requires it, and I might almost say there are no 

oe to furnish. I may say, however, that 
years before we built the Fenton (and years before Mr. 
Aisbitt entered the service of our firm) I formed the in- 
tention to carry out a similar plan. I consulted no one 
nines design, and took no advice about it, except 
that the was submitted to the owners of the steamer, 
Messrs. W. Milneg and Co., and re by them, and as the 
vessel was to be classed at Lloyd’s the surveyors to Lloyd’s 
were necessarily consulted, and some alterations in details 
made at their request. 

It is necessary also to mention that I never saw or heard 
of Mr. Westerman’s, or any similar plan, for merchant 
vessels until after the Fenton was built. It now appears 
that all former attempts differed widely from my arrange- 
ment, and had been unsuccessful so far as that they had 
been discontinued and not generally approved and adopted. 

In 1877, Mr. Martell made my plan public in his paper 
on ‘‘ Water Ballast,” read at the Glasgow meeting of the 
Institution of Naval Architects, and since then, as you are 
aware, the plan has been ~.. by most shipbuilding 
firms on the Clyde, Tyne, and Wear. The arrangement of 
plate frames instead of hold beams I carried out in the same 
vessel, has also been adopted by several firms. 

As you remark, Iam notaware ofany important changes 
having been made in this system of construction since the 
Fenton was built, except such as arise from differences in 
the size of vessel, though I have inspected the vessels now 
being built by various firms, I think the reason must be 
that (as I stated in my former letter), such changes are 
not made. If any oo ate changes have been made in 
any of the large number of steamers, of all classes and 
sizes from small colliers to the latest Cunard liner 500 ft. 
long, now being built on my plan, I hope you will publish 
a description and drawings of them. 

Referring to Mr. Westerman’s letter in ENGINEERING 
of the 23rd inst., I thought at first from his remarks he 
must have made the shme or a very similar arrangement in 
the vessels he refers to, but on referring to his drawing as 
it is published,-I find it is not so. His arrangement is 
widely different from mine, though there are some points of 
resemblance, and I think it is also very inferior in strength 
and convenience. 

I observe Mr. Aisbitt’s further letter. I do not for a’ 
moment think he would make any intentional misstatement. 
I have no recollection however of his having mentioned his 
ideas to me, and I have not seen his plan. The thought of 
fitting deep floors or longitudinals in water ballast tanks 
occurred to many people, as Mr. Westerman’s letter shows. 
A steamer was built by Palmer’s Company many years ago 
(designed by Mr. J. F. Spencer) with the deep lesglintion, 
but otherwise as different from the present arrangement as 
Mr. Westerman’s plan is. 

1 am, Sir, yours faithfully, 


G. B. HunTEr. 

Sunderland, January 28, 1880. 

| When Mr. Hunter complains of looseness and inaccu- 
racy of statement he should himself be careful to avoid 
misrepresentation. He says the firm that built the 
8.8. Fenton, of which he was a member, has ceased to exist. 
This is only correct so far as the name goes. The withdrawal 
of Mr. Hunter led to a change in the name of the firm from 
Austin and Hunter toS. P. Austin and Son, but the busi- 
ness ofthefirm has continued, and Mr. Hunter’s state- 
ment in correction of our remarks is therefore misleading. 
Again, Mr. Hunter refers to the plans published by us of 
the Fenton, andsays ‘‘some alterations in details’ were 
made at the request of d’s surveyors. Since those 
plans were published it has been stated that the original 


plans proposed to Lloyd’s were quite different, and 
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contained neither solid floors directly across the vessel nor 
bracket frames, istic features of the design intro- 
duced at the instance of Lloyd’s. As the builders of an 
original and very remarkable ship Mr. Hunter shares with 
his late partner, Mr. Austin, deserved credit, but the indi- 
vidual pretensions he puts forward as the designer of the 
new longitudinal and Pracket system of construction which 
is causing a revolution in the mercantile marine are quite 
different, and require to be analysed as critically as the 
claims of Mr. Aisbitt, Mr. Westerman, and the many 
other claimants who will doubtless turn up.—Eb. E.] 


THE TAY BRIDGE. 
To THE EpiIToR oF ENGINEERING. | 

Srr,—Most engineers will have their own opinions con- 
cerning the design of the piers of Tay Bridge as executed, 
and probably what they would propose as an improvement. 
It appears, however, that the first thing to be done is to 
subject the original design of the piers to a critical exami- 
nation, so as to show by calculation what was their condi- 
tion as regards strength at the time of the accident. 

Of the various calculations and articles which have 
appeared in the newspapers and elsewhere I have seen none 
which to my mind take a correct view of the subject, 
especially those which examine the mony of a pier 
statically as of a loaded table acted upon by a lateral 
force. it is perfectly clear that the actual structure, 
bolted down to its foundation, is in a very different condi- 
tion, and in fact must be examined as a cantilever, only 
with the difference from an ordinary cantilever of being 
subject to direct compression as well as the deflecting 
force. 

The inquiry concerning the strength of the pier as exe- 
cuted is all the more important as having been the — 

of severe criticism in foreign ee The New York 
Herald, New York Tribune, and New York World, Ameri- 
cm, and the Cologne Gazette, which last is all the more to 
be noticed as it states that an adverse opinion to the bridge 
was given ‘‘by Herr Piofsek, the eminent Prussian engi- 
neer,’’ printed in the number of the Dewtschen Bauzeitung 
for February, 1873. - 

The calculations on which the above opinions are founded 
ought certainly to be given to the world before running-a- 
muck at English engineering. 

I now proceed to an examination of the piers of the Tay 
Bridge, to do which efficiently I must refer to Figs. 1 and 
2, an elevation and plan of a pier, and to Fig. 3, a — 
illustrative of the action of a deflective force upon a colamn 
(either simple), or, as in the present case, composed of six 
annular pillars of cast iron firmly braced together by a 
system of horizontal and diagonal braces of wrought iron, 
such column, or assemblage, being also acted upon at the 
same time by a powerful direct compressive force. 


Fig. 7. 
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On the drawing of the pier, Figs. 1 and 2, all the various 
forces of dead weight and the wind (which I have assumed 


_ ® The above notices were extracted from articles printed 
a Sete Opinion, No. 956, pp. 67 and 75, for January 17, 








THE TALBOT VERTICAL BOILER. 
CONSTRUCTED BY MESSRS. PROCTOR AND WALLIS, ENGINEERS, LONDON. 
(For Description, see opposite Page.) 
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to act with a force of 10 lb. on the omens foot) are marked 
both for their quantities as well as their points of applica- 
tion and will not therefore require repetition here. 

The centre of gravity of the force of the wind comes out 
at 83.4 ft. above the base of the columns, and amounts to 
54.7 tons, while the dead weight amounts to 459 tons. 
These figures give the resultant marked A C on Fig. 1 and 
show the distance C from the centre B of the point where 
it cuts the base to be 9.93. ft. 
itThe manner and extent of action of the above forces 
— the six columns forming the pier is shown by Fig. 3, 
where the parallelogram a 4 cd shows by its depth a b 
and c d the pressure per square inch of the dead weight of 
459 tons on the six columns, which amounts to 1.19 tons 
per square inch. When, however, the load, instead of 
acting centrally at F is shifted 9.93 ft. to the point C, the 
same amount of deflection is produced as if no direct com- 
pression existed. The sum of all the moments of inertia 
in action at the different columns is equal to the deflecting 
force of 459 tons acting at C with a leverage of 9.93 ft. 

_ The effect of this deflection is represented by the t wo 
similar triangles fg b and f d e, by combining which with 


the parallel a bc dadditively for columns G and H 
and subtractively for columns D and E, gives the total 
force on each. Thus we have: 


Tons per Sq. In. 
1.19+2.13=3.32 
1.19+1.11=2.30 
” 1.19—1.11=0.08 
” ” ” «. 1.19—2.13=0.94 tension 


The above pressures per square inch on the columns, 
namely, 3.32 tons compression on H, and 0.94 tons tension 
on D, under a wind pressure of 40lb. per square foot, are 
uite within the limits of safe application, and, therefore, 
the failure of the bridge ought not to be attributed to any 
weakness of the columns. Nor, so faras I have gathered, 
has there been any yielding of the foundation under 
Column H at the extreme point of the cutwater, the 
pressure under it being 71 square inches x 3.32 tons per 
square inch=237 tons. 
The only other theory of the cause of the accident 
appears, therefore, as attributable to the train leaving the 
metals and striking against the side of the oa. 
There is little doubt that the forse of the wind driving 
the wheel flanges of tbe train against either the working 
metals or the check rails, together with relieving the wheels 
on the windward side from so much pressure, would tend 
towards the train leaving the rails, and if so, whether it 
would not be an advantage to plate over the sides of the 
girders with thin plating up to about 9 ft. above the rails 
to screen the train from the wind? The additional weight 
on_ the 245 ft. girders would not probably exceed 10 tons. 
In conclusion I may add, what would be the increase of 
pressure per square inch of the metal of the columns if the 
pressure of wind were increased to double that taken in the 


Column H. Direct pressure 
” E. 


” ” 


” ” 








above calculations, viz., from 401b. up to80 Ib. per foot ? 


This would be 3.32+2.13=5.45 tons per square inch on 
Column H, and 0.94+2.13=3.07 tons per square inch ten- 
sion on Column D, forces still insufficient to destroy the 
metal, although when in tension too near the breaking 
weight. G. H. Putpps, M. Inst. C.E. 
London, January 26, 1880. 

(Mr. Phipps has in his calculations omitted to allow for 
the fact that the columns of the Tay Bridge piers were only 
tied down to two courses of stonework, and each column 
could only lift by its holding-down bolts some 5 tons or so 
of masonry. Under these circumstances it wasof course 
impossible for the windward columns to be subjected to 
the tensional strains above calculated. The effect of the 
mode of fixing these columns was fully described on page 32 
of our number of January 9.—Ep. E.]} 





To THE EDITOR OF ENGINEERING. 

Srr,—In consequence of my letter of the 26th ult., on 
the Tay Bridge piers, ~pm been written prior to my 
being aware of the very ‘inefficient bolting down of the 
columns—as so admirably illustrated in your last issue— 
the conclusions at which I arrived are ni ily greatly 
modified. In the absence of this effectual bolting down 
the whole weight of the span will be thrown almost entirely 
upon the outer column, giving a strain of over 7 tons on 
the square inch, with the resultant of pressure approaching 
far too near the oversetting point. 

; . shall be obliged by your appending this to my former 
etter. 
I am, Sir, your obedient servant, 
Geo. H. Purprs. 
31, Stockwell Park-road, February 2, 1880. 


To THE EpITor oF ENGINEERING. 





Srr,—The = standing on the north and south sides of 
the ‘‘ gap,” Figs. 14 15 of your last illustrations, 
cannot but have had some strain not anticipated, due to 


the failure. 

This is the season when rough weather may be expected ; 
might it not be well to at once brick up these two piers to 
the girder seats, and so give the remaindera better chance 


of standing, whilst those who have the matter in hand ar- 
range what may ultimately be the best to be done with it? 
Yours wey, aw 








LeHIGH VALLEY Iron Works.—There are 50 furnaces 
in the Lehigh Valley. Last year 23 of these were out of 
blast, and during that year the remainder produced 416,907 
net tons, while the annual capacity of all the furnaces 
amounts to nearly 630,000 tons. At ny pe all the a 
are either in 0 tion or preparing commence work, 
and, if the phe nee for iron continues, the production of 
the aga year will be the heaviest of any previous ive 
months. 
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GAS ENGINES. 
To THe Eprror oF ENGINEERING. 

S1e,—Dnring the discussion in your columns, on the 
9th, 16th, and 23rd ult., on gas engines, it was admit 

some of your correspondents and not contradicted by 
hers, that gas engines in general, and particularly the 
** Otto” system, consume from 10 to 15 cubic feet per hour 
and per horse power, as stated by Mr. Denny e, in his 
first letter (9th inst.) quoting the manufacturers’ numbers, 
or at the utmost from 20 to 22 for the smallest engines and 
from 17 to 18 for the large ones. 

These small figures surprise me, considering that one 
cubic metre (equal to 35.25 cubic feet) is the consumption 
of the engines of ‘‘ Otto’’ system according to La Compagnie 
Parisienne de Gaz de Paris, manufacturers of these engines 
in France, M. Armergaud in his notable work “ Publica- 
tion Industrielle des Machines outils et Appareils,” 
page 30, vo!. xxv., and other scientific works. 

he difference between those calculations is too im- 
portant to be accounted for by the different calorific intensity 
of gas in London or Paris, although some allowance must 
be made. If we assume that the calorific intensity of gas in 
London and Paris is 700 and 675 “calories” cubic 
foot respectively (the first figure as stated by Mr. Denny 
Lane, and the second as an equivalent of 6,00" “‘ calories’ 
per cubic metre, that is the calorific intensity of gas in Paris 
according to several French scientific works), and that the 
engine, of which the consumption of gas is supposed to be 21 
cubic feet per hour and per horse power (as an average be- 
tween the figures given by Mr. C. H. Openshaw and Mr. 
Robert Wilson in their letters dated 16th and 23rd inst.), 
is fed with gas of a calorific intensity equal to that of 
Paris, viz., 675 ‘‘ calories’ per cubic foot, the consumption 
of that engine would be ssoeenes iy about 34 per cent., 
viz., from 21 to 21.75 cubic feet. e shall require more 
explanation on the subject in order to account for the above 
difference; it is my opinion that either the ‘‘ Otto’’ 
engines have been recently improved or that its power 
is tested by the indicator and not by the friction brake as 
Mr. Denny Lane says to be a general practice with the 
manufacturers. However, supposing that the power is 
tested by the indicator (as the figure of 22 cubic feet per 
hour and per indicated horse power given by Mr. Robert 
Wilson leads me to believe), the power wasted away by 
friction and other causes should ex 25 per cent. to make 
the two figures 21 cubic feet and 35.25 cubic feet agree. 
Now let us suppose that the power has been estimated in 
indicated horse power and that the waste on account of 
friction, &c., is only 25 per cent.; it is obvious that in 
order to obtain on the axis or shaft of the engine an effec- 
tive power equal to the indicated one, the consumption of 
gas must be raised from 21.75 cubic feet per hour and horse 
power to 29, 

While I take the liberty of addressing to you these few 
lines for insertion in the columns of your valuable paper, 
my only idea is that other persons more competent than 
myself, and having the opportunity to make practical ex- 
periments, may accurately determine the consumption of 
** Otto’’ engines, a subject of the greatest importance. 

Tam, Sir, = faithfully, 


RANCISCO DE LA VIESCA. 
Madrid, January 29, 1880. 


THE FORM OF RIVETTED JOINTS. 
First Report of the Committee of the Institution of Me- 
chanical Engineers. 

Members of the Committee:—W. Boyd, W. 8S. Hall, 
Professor A. B. W. Kennedy, R. V. J. Knight, William 
Parker, R. H. Tweddell, Professor W. C. Unwin, reporter. 


CONTENTS. 

List of Memoirs Consulted. 

. Short Account of the History of Experiments on Rivetting. 

Il. Straining Action on Rivetting Joints. 

Causes of the apparent difference of the breaking stresses 
in rivetted joints and in sample bars. Conditions neces- 
sary to insure uniform stress, Causes which give rise to 
unequal distribution of stress. Punching and crushing 
probably after di-tribution of stress. 

Experiments to Determine directly the Breaking Stresses. 
Experiments on the tenacity of iron and steel plates, 
Experiments on the reduction of strength by drilling and 

punching. 

- -— on the effect of annealing and rimering steel 
pilates. 

omen experiments on the shearing resistance of iron and 
steel, 

Experiments on the friction of rivetted plates, 

Crushing resistance of iron and steel. 

Dependence of this on bearing surface of rivets. Pro- 
bable ratio of maximum and mean intensity of crushing 
pressure, Effect of crushing in diminishing the apparent 
tenacity of the plates Dependence of the crushing 
pressure on the diameter chogen for the rivets. Ordi- 
nary rules for rivet diameter, 

Breaking resistance of overlap in front of rivet, 

IV. Experiments on Different Forms of Rivetted Joints, 

Single-rivetted iap joints of iron, 

Single-rivetted butt joints of iron. 

Double-rivetted lap and butt joints of iron. 

Shearing resistance of iron and stee. rivets in steel plates, 
Steel lap joints, 

Steei butt joints, 

Appendix I, Bendmmg of Thick Plates. 

Appendix IT, Memorandum of Suggestions as to Experiments to be 

on Rivetted Joints. 

The Committee having entrusted to the reporter the pre- 
paration of a preliminary report on the subject which they 
propose to investigate, he has examined, as far as possible, 
all papers or memoirs which contain experiments bearing 
on the subject. A list of such papers and memoirs was 
prepared at the Institution by the secretary, and with his 
assistance copies of most of them were obtained. Abstracts 
have been made of the whole of the papers ted 





—_— 


III, 


and the results reduced to common measures.* These re- 
ductions have been carefully made by Mr. Nolet, and it is 
hoped that they will much facilitate the examination and 
comparison of the experiments which have thus far been 
made. The form » which the sues Se he mp is a 
much more comprehensive one than generally adopted, 
and to bring previous results, sometimes not clearly 
recorded, into this shape has involved a good deal of labour. 
When this work was about half finished the reporter re- 
ceived from Mr. Stoney an admirable paper on rivetted 
jointe—perhaps, indeed, the best of any 
paper on the subject—in which the system of tab 
the results is very similar to that which had been ado ; 

The following is a list of all the papers of which abstracts 
have been made, of all obtainable papers in fact in which 
original experiments on rivetting are to be found. Merely 
theoretical papers have for the most part been excluded 
from this list. It still remains to examine papers and 
treatises in which rivetting is treated from the purel 
theoretical point of view, or in which practical rules an 
roportions are given. This, however, may very well be 
eft to a somewhat later stage in the proceedings of the 
Committee. 


List of Original Memoirs on Rivetting of which Extracts 
have been made. Arranged Chronologically, or nearly 


80. 
into the St of Wrought-Iron Plates 
oints. By Willen Felrneiee Phil, Trans., 


‘Experimental Inqui 
p. 677-725 
Edwin Clark. Britannia 


. 


and their Rivetted 
partii., 1850, 

“ Rivetting and Shearing of Iron.” 
and Conway Tubular Bridges. Vol. 1,.chep. iv., 1850. 

“Experiments on Double-Rivetted Joints: L K. Brunel. Also 
“Experiments at Woolwich.” By W. ram. Given in 
“Recent Practice in the Locomotive a He By D. K. 
Clark, 1858, Also “Rules and Tables.” By D. K. Clark, 
1878. 

“Lloyd's Experiments upon Iron Plates, and Modes of Rivetting 
applicable to the Construction of Iron Ships.’ By Thomas 
Chapman. Trans. Inst, Naval Architects, 1860. 

“ Jointing and Rivetting Iron Ships.” By John Grantham. Trans, 
Inst. Naval Architects, 1862. : 


“The Application of Iron to the Purposes of Naval Construction.” 
By William Fairbairn. Society of A November, 1864. 
‘“‘ Maynard’s Experiments on Punched and Plates. Letter 


in The Engineer. 1864. 

Rankine on Shearing Resistance of Rivets. The Engineer. 1864. 

“On Single and Double-Rivetted Joints.” By Thomas Baldwin. 
Trans. Soc. of Engineers, 1866, pp. 150-190 

“ Wrought-Iron Bridges and Roofs,” By W.C. Unwin. Note on 
Fairbairn's Experiments, 1868. 

“On the Treatment of Steel Plates.” By Henry Sharp. Trans. 
Inst. Naval Architects, 1868, pp. 10-29, 

“On some Improvements in the Scan 
Vessels.” By John Price. Trans. Inst, of Engineers in Scot- 
land, 1869-1870, 

“‘Collectaneen aber einige zum Briicken-und Maschinenbau ver 
wendete Materialien.” Von A. von Kaven. Hannover, 1869. 

Cochrane, Kemarks on the Effects of and 
Proc. Inst, Civil Engineers, vol. xxx., 1870, page 265. 

“ Studies of Iron Girder Bridges.” By Professor Calcott Reilly. 
Proc, Inst. of Civil Engineers, vol. xxix., 1870. Contains 
considerations on the arrangement of rivets in complicated 


joints. 
“The Strength and Proportions of Rivetted Joints." By W, RB. 
Browne. Proc. Inst. Mecb. rs, 1872. 
* Drilling v. Punching.” Letter in The Engineer.” By W, BR. 
Browne, November, 1872. 
“Experiments on Rivetted Joints and Steel Plates.” By David 
irkaldy. For the Bolton Iron and Steel Company, London, 


1872. 

“On the Durability and Preservaticn of Iron Ships, and on 
Rivetted Joints.” By Sir William Fairbairn. Proc. Roy. Soc., 
1873. 

“ Triple Rivetting.” By W.R. Browne, 1873, 

“On the Strength of Oylindrical Boiler Shells." By Hector 
oy Trans. Inst. of Engineers in Scotland, 1874-75, pp, 

-152, 

“On Iron and Steel for Shipbuilding. By N. Barnaby. Trans. 
Inst. of Naval Architects, 1875, pp. 131-146. 

“Rogers on the Strength of Single-Rivetted Lap Joints.” By B. 

. Stoney. Trans. Irish Academy, vol. xxv., 1875, pp. 451-468. 

“ —_ as © Use of Steel.” Translated by Alex. ley, 1875, 
Chap, III. 

“On Steel for Shipbuildi gas ouput to the Royal Navy.” By 
? ames Riley. Trans. Inst. of Naval Architects, 1876, pp. 135- 

5 


55. 
“ The Lancashire Boiler." By Lavington E. Fletcher. Proc. Inst 
Mech. Engineers, 1876, 
“On the Effect of Punching on Iron and Steel Plates.” By A, C. 
Kirk. Trans. Inst. Naval Architects, 1877, p. 303. 
“The Strength of Rivetted Joints." By R. B. Longridge. The 
Engineer, Feb. 23, 1877. 
“ riments Relative to Steel Boilers.” By W. Boyd. Proc. 
nst. Mech, Engineers, April, 1878. 
“On Steel for Shipbuilding.” By B, Martell, Trans. Inst. Naval 
Architects, pp. 1-32, 1878, 
“ On the Use of Steel for Marine Boilers.” 
Inst. Naval Architects, 1878. 
“Progress of Steam Shipping.” Proc. Inst. Civil Engineers, vol. 


By W.Parker. Trans. 


li., p. 131. (Experiments communicated by R. V. J. Knight.) 
“ Steam Boilers for High Pressure.” Proc. Inst. Civil E eers, 
vel, aes p. 1€1. (Experiments communicated by R. V. J. 
night. 


< oe on the Shearing of Steel Rivets.” By Max Eyth. 


“On the Connexion of Plates of Iron and Steel in Shipbuilding, 
especially such as were Subject to sudden Tensile Strains.” 
a3 Barnaby, Trans, Inst. Eng. of Scotland, vol. ix., pp. 

3-164. 

Experiments communicated by Messrs, Easton and Anderson. MS. 

“Tron and Mild Steel.” By. D. Adamson. Journal of Iron and 
Steel Institute, 1878, pp. 392, 293. 

“The Use of Steel in Naval Construction.” Paper read before the 
Iron and Steel Institute. By N. Barnaby, O.B, ENGINEERING. 
May 16, 1879. 

“Tron and Mild Steel.” Paper read before the Iron and Steel 
Institute. By D. Adamson. ENGINEERING. May 9, 1879, 

“ Experiments referring to the Use of Iron and Steel in High- 

ressure Boilers. By D. Greig and M. Eyth, Proc. Inst. 
Mech. Engineers, June, 1879. 


(L) Short Account oF THE HISTORY OF EXPERIMENTS 
' ON RIVETTING. 
Before discussing the details of experiments on rivetting 





below. Further, all experiments found in these papers 
have been tabulated in a common form for queue, 








* The units employed throughout this report are inches, 


per square inch. 


‘ons, and 


~ 


tal | a mean tenacity of 22.5 tons 


of Iron Steam B 


it may be interesting to give a short account of the more 
ey memoirs in the preceding list. The earliest 
= lished experiments on rivetted joints, and probably the 

| experiments on the strength of rivetting ever made, 
are contained in the memoir by Sir W. Fairbairn in the 
Transactions of the Royal Society. The experiments in 
this paper have pe mee | had more influence in determining 
the proportions adopted in practice for rivetted joints than 
any others. The author first determined the tenacity of 
the iron, and found, for the kinds of iron experimented on, 
r square inch with the stress 
applied in the direction of the fibre and 23 with the stress 
across it. That the plates were found stronger when loaded 
in a direction at right angles to that in which they were 
rolled is probably due to some error in marking the plates. 
Taking the average tenacity of the joints tested, he obtained 
the following results : 


Breaking Stress in 
Tons per Sq. In. 
ow“ 23.43 


Unpunched plate .. 
Double-rivetted joints 23.94 
Single-rivetted joints wns 18.57 


That the tenacity of the iron was virtually reduced b 
about 20 per cent. in single-rivetted joints, and not at all 
in double-rivetted joints, is a result which is of the greatest 
importance, and the bearing of this on the design of joints 
appear to have received full consideration till a 
much later period. Making certain empirical allowances, 


Sir W. Fairbairn adopted the following ratios as expressing 
the relative strength of rivetted joints : 
Solid plate ES 2 aaa 100 
Double-rivetted joint .., aa 70 
Single-rivetted joint... oe 56 


These well-known ratios are quoted in most treatises on 
rivetting, and are still sometimes referred to as having a 
considerable authority. It is si , however, that Sir 
W. Fairbairn does not ap to have been aware that the 
proportion of metal punched out in the line of fracture 
ought to be different in properly designed double and single- 
rivetted joints. These celebrated ratios would, therefore, 
appear to rest on a very unsatisfactory analysis of the ex- 
periments on which they are based. Sir W-. Fairbairn 
also gives a well-known table of standard proportions for 
riv joints. It is not very clear how this table has 
been computed, and it gives proportions which make the 
ratio of tearing to shearing area different for different 
thicknesses of There is no good reason for this. 
About the same time some experiments on the shearing 
resistance of rivets, and on the friction of rivetted plates, 
were published in Mr. Edwin Clark’s treatise on the 
ritannia and Conway Bridges. 
Some experiments by Mr. Bertram at Woolwich Dock- 
yard were published and discussed by Mr. D. K. Clark in 
1860. They do not appear to be very reliable. Taking 
the single-rivetted joints, rivetted by hand, the following 
numbers are given : 


Thickness of plate a, « th gi, gh. 
Net ultimate tensile strength of 

joint in per cent. of that of 

solid plate 40 50 60 


It would appear from these figures that a joint in a x%4-in. 
plate is not only portionately but absolutely stronger 
than one in a }-in. plate. Similarly, that a #-in. plate 


joint is absolutely stron; than a y;,-in. plate joint. The 
absolute strengths would be as follows: 
Thickness of plate = eee fin, ya in, gin. 
Proportionate strength of joint 20 d19 22.5 


It is impossible to sup) that the strength of the joint 
increases as the plate meds thinner, and yet these re- 
sults have been republished in 1878 without remark. 

In 1866, Mr. Baldwin (Transactions of the Society of 
Engineers), pointed out the errors in Fairbairn’s standard 
rtions for rivetted joints. He then calculated a new 
table for single and double-rivetted joints, making the pro- 
portions such that the tearing and shearing areas were 
equal. An interesting discussion followed the reading of 
this paper, in which Mr. Barnaby spoke strongly of the 
great reduction of the tenacity of the iron in rivetted joints, 
in consequence either of injury done in punching or of the 
unequal distribution of-stress on the metal between the 
rivets. Some of the tenacities given by Mr. Barnaby are 
so low that we may fairly suspect some defect in the mode 
of experimenting ; but he first definitely pointed to the 
great diminution of tenacity in joints, when com 
with that of solid plates, as a matter seriously affecting the 
proportions which should be adopted. 

A paper by Mr. Henry Sharp sactions Inst. Naval 
Architects, 1868) contains the earliest published experi- 
ments on steel rivetted joints. Mr. Sharp specially drew 
attention to the injury done to plates by panching, the 


deterioration of tenacity being ter the harder the 
material of the plates. e showed also that if the plates 
—_ — after punching their original strength was 
res 


The tendency of the rivet and plate to crush each other 
was first pointed out by Mr. J. H. Latham (“‘ Construction 
of Wrought-Iron Bri ,”” p. 17, 1858). He also defined 
the bearing surface of a rivet, and assumed, on rather 
theoretical 


and not very satisfactory unds, that the 
stress per unit of bearing surface should not exceed the 


stress unit of tearing section. The question of the 
prover madla of crushing on the bearing surface of 
the rivet has remained unsolved to the present time, and 
in most treatises on riyetting it is not taken into con- 
jderati 


In some lectures at Chatham in 1868 the present writer 
pointed out that in Fairbairn’s experiments there is some 
relation between the tenacity of the plate and the crushing 
i e plates. Arranging the ex- 

ts in the order of the pressure per square inch of 
ing surface, it is seen that the tenacity increases 
with the surface, and reaches a maximum 
in those cases w the bearing surface of the rivet on the 
equal to the tearing area of the plate. This would 








appear to indicate that part of the dimiaution of tenacity 
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of the iron in the joints tested was due, not to any injury 
to the plate in punching, but to the crushing action of the 
rivet before the final fracture of the joint. 

The strength and proportions of rivetted joints of iron 
were discussed in an admirable paper by Mr. Walter R. 
Browne, communicated to the Institution of Mechanical 
Engineers in 1872. This is the first paper in which full 
attention is given to arranging the proportions so as to pre- 
vent an excessive pressure per unit of bearing surface. It 
is the first paper also in which allowance is made for the 
reduction of the tenacity in joints as compared with solid 

lates, especially in the case of single-rivetted joints. The 
following are the limiting stresses for iron, selected from 
an examination of experiments : 
Crushing Resistance per Square Inch of Bearing Surface : 
Tons per Sq. In. 
Joints with one cover ,., iin 40 
e two covers 42.9 


Shearing Resistance : 


Rivets in singleshear .., 22 

» _ double shear... 21 
Tearing Resistance : 

Single-rivetted joints punched 18 

mn drilled ... 22 

Double-rivetted joints punched 193 

* drilled... ‘ 22 


Very simple rules are given based on these limits; but it 
may be observed that they assume the rivet diameter to be 
twice the plate thickness, a proportion not usual in practice 
for thick plates. If a less simple proportion is adopted, the 
rules for the proportions of the joints necessarily me 
more complicated. Some experiments are given in this 
paper in which a very low tenacity of the joints was 
observed. This is ascribed to the rather high crushing 
pressure of rivets on the plates, which caused elongation of 
the holes and consequent unequal distribution of stress on 
the section of fracture. The results are however somewhat 
exceptional. In a letter to The Engineer in 1872, Mr. 
Browne quoted some experiments made in America show- 
ing considerable loss of tenacity in drilled and punched 
plates, especially in the former, and gave a satisfactory 
explanation of one cause of loss of strength in plates having 
a hole, namely the disturbance of the equal distribution 
of stress on sections near the hole. 

In 1873 a second paper on rivetted joints was com- 
municated to the Royal Society by Sir W. Fairbairn, 
chiefly relating to the relative advantages of punching 
and drilling. The experiments in rn r show that the 
shearing resistance of rivets in dri holes is rather 
less than that of rivets in punched holes, which appears 
to be due to the sharp edge of the drilled hole. By 
definitely rounding the edge of the hole, a greater shearing 
resistance is obtained than that of rivets in punched holes. 

Shearing Resistance of Rivet 
in Tons per Sq. In. 
Rounded holes .., ‘ 21.52 
Punched ooo . 
Drilled 9 eee eee eee soe 19.23 
In some experiments made by Mr. Kirkaldy for Mr. Denny 
in 1879 the rivets sheared at 16.4 tons per square inch in 
steel plates. 

In a paper communicated by Mr. Barnaby to the In- 
stitute of Naval Architects in 1875 some experiments were 
given, showing that the tenacity of steel plates might be 
reduced from 31 or 32 to 144} tons per square inch by the 
injury done in punching. 

In the Transactions of the Royal Irish Academy for 
1875 is an extremely interesting paper by Mr. B. B. Stoney 
on single-rivetted joints. The limits of stress obtained are 
as follows : 

Crushing Resistance of Bearing Surface : 


20.95 


” ote 


Tons per Sq. In. 
In the strongest joints ove 30 
Shearing Strength : 
Drilled holes, single-rivetting 18.28 
Punched » ~ ose ose a ose 19.16 
In double-rivetted joints a somewhat greater shearing 
resistance was found. 
Loss of Tenacity in the Joints : 


Per Cent, 
In drilled plates, mean loss ... ‘a 2 
» punched ~ “ aes coe ooo ose 11,45 

Some results communicated by Mr. Riley to the Institute 
of Naval Architects in 1876 showed no loss of strength in 
bars of Landore steel punched and unannealed. 

Mr. Kirk communicated experiments on the effect of 
punching iron and steel plates to the Institute of Naval 
Architects in 1877. These experiments showed that, while 
punching in all cases diminished the tenacity of iron plates, 
the loss of strength was much less when the hole in the 
die-block was larger than the punch, than when they were 
of the same size. With steel plates the loss of strength 
was much greater, but the same influence of the size of hole 
in die-block was observed. 

In The Engineer for February 23, 1877, isan account of 
some interesting experiments by Mr. R. B. Longridge. Un- 
fortunatey only ‘‘ nominal,’’ and not real dimensions of 
the plates and rivets are given. These experiments tended 
to show that Fairbairn’s estimate of the strength of riveted 
joints was too high. For single-rivetted joints, in which 
the plates broke, the strength of the joint ran from 
38.9 to 40.7 per cent. of the strength of solid plate 
when the plates were unann , and was 45.7 per 
cent. in an annealed plate. In joints in which the 
rivets sheared, the strength mane from 39 to 44 per 
cent. of the strength of the solid plate, one joint giving 
(unless there is a misprint) 50.6 per cent. In some i- 
ments in which the plates are described as ‘‘b i 


joint” the percentage was higher. In iments wit 
double-rivetted lap joints, ve way by tearing the 
plates except two. The joint had from 54.5 to 66.1 per cent. 


of the strength of solid plate. With single-rivetted butt 
joints, all gave way by tearing the plates, and the oe 
was from 51.5 to 58.5 per cent. of that of solid plate. With 
double-rivetted butt joints, all but one gave way by teari 

the plates, and the strength was from 61.6 to ff per oma 


to be stronger than zigzag rivetting, but it is not quite clear 
from the Tables how this result is arrived at. 

Experiments relative to steel boilers were communicated 
by Mr. Boyd to the Institution of Mechanical Engineers 
in 1878. In two of the experiments here given it appeared 
that punching diminished the tenacity of steel plates by 35 
and 51 per cent., while drilling reduced it only 2 per cent. 
Anneali “> to restore the strength of the punched 
plates. In the discussion on this paper Dr. Siemens 
mentioned experiments on punched steel plates in which the 
strength appeared to be increased by punching, and spoke 
of the helical punch as likely to diminish the liability to 
injure the plate in es. This was confirmed by ex- 
periments given by Mr. Tweddell. 

An extensive series of experiments is contained in a paper 
by Mr. Martell on steel for shipbuilding, in the Transac- 
tions of the Institute of Naval Architects for 1878. The 
mean values of the ing stress in these experiments 
were as follows : 


Tons per §q. In. 
Iron plates, tearing in line of rivet holes, holes 
punched ove ose coe eee one eee 17.9 
Tron rivets in steel plates, double chain rivetted, 
shearedat... ove ove eee oo “ 16.7 
Iron rivets in steel plates, the rivets being zigzag, 
shearedat .., eee ove eee ose 00 19.2 
Steel plates with punched holes and steel rivets, 
not annealed, gave way by tearing the plates or 
shearing the rivets at exe ove eos seo 22.5 
With thin steel plates the injury due to punching ore 
to be less than with iron plates. In the case of plates 


above oe in. thick the loss of strength due to punching was 
20 to 23 per cent. for iron, and 20 to 33 per cent. for steel. 
By annealing the lost strength was restored. Steel was 
injured for a very small distance round the hole, so that 
by rimering out an annulus of metal fin. to yy in. thick 
the injured part was removed. In drilled plates there was 
no appreciable loss of strength. Plates punched with a 
spiral punch were 2} tons per square inch stronger than 
when punched with an ordinary punch. 

The most careful examination of the way in which punch- 
ing injures plates has been made by M. Barba, whose ex- 
periments are descri in a Treatise on the Use of Steel 
(1875). M. Barba shows that when a punched bar is 
broken by tensile stress, the width of the bar, relatively to 
the diameter of the hole, influences the apparent tenacity. 
The tenacity diminishes in these experiments as the width 
of the bar for a given diameter of hole increases. From 
this he infers that the loss of tenacity is not due to any 
cracking produced by the punch, or to a reduction of 
tenacity in the neighbourhood of the hole. The effect of 
punching is to alter the elasticity, or to diminish the power 
of elongating in a narrow annulus round the hole. This 
causes an unequal distribution of stress, and fracture 
begins at the rivet hole. By removing an annulus 0.04 in. 
thick round the hole the effect of punching is neutralised. 
With iron and steel plates similar results were obtained. 

The Committee have received a copy of a rt by Mr. 
W. Parker and Mr. John, made in 1878 to Lloyd’s Com- 
mittee, on the effect of punching and drilling. The ex- 

riments on which this report is based were made at the 

hain Testing Works at Saltney. These experiments 
showed that thin steel oe lost comparatively little from 
ick plates the loss was very con- 


punching, but that in t 
siderable. The following Table gives the results for plates 
punched and not annealed or rimered ; 
Thickness of Material of Loss of Tenacity 
Plates. Plates. per Cent. 

- Steel 

# ” 18 

4 ” 26 

and F 3 ” 


§ Iron 18 to 23 
The effect of increasing the size of the hole in the die 


block is shown in the followi 1g Table: 
Total Taper of Hole Material Loss of Tenacity due 
in Plate. of Plates, to Punching per Cent. 
in. 
Steel 17.8 
% ps 12.3 
24.5 


’ ; ” 
(Hole ragged) : 
The plates were from 0.675 to 0.712 in. thick. 

It was observed that the effect of punching was not only 
to reduce the tenacity, but also to diminish the elongation 
before fracture, and to cause the fracture to me 
crystalline instead of silky. This is quite accordant with 
Barba’s views. When j-in. punched holes were rimered 
out to 1} in. diameter, the loss of tenacity ae Bags and 
the plates carried as high a stress as drilled plates. An- 
nealing also restores to punched plates the original tenacity. 
Some of these a are given in a paper read before 
the Institute of Naval Architects in 1878. 

Mr. D. Adamson has found that, while a series of small 
holes in a bar does not diminish but rather increases the 
tenacity of the metal left, a large hole may cause a serious 
reduction of strength, particularly with material which 
elongates little under strain. This Mr. Adamson explains 
as due to che interruption of the lines of force by the 

resence of the hole. The following results obtained by 
him are more conveniently given here than later : 

Apparent ee Tons per sq. in. 





that of solid plate. It is statedthat chain rivetting proved 


1. Solid plate poy 
2. One hole ios eco oes ee d 
3. One ,, with turned pin driven All —— 
in ove bee éne ooo ooo 28.57 ] ’ 
4. Two smallerholes .., adi toe 29.01 
5. Two holes (broke in solid part of 
plate) oes ose eee ove 63.70 
6. Iron tested across the grain, one 
hole (broke through hole) be 1741 (The same ma- 
7. The same. Two smaller holes terial. 
(broke into solid part of plate) .. 19.64 
8. Steel (same material as in 1), one The sime me- 
large hole) ... BE. poe ose 27.522 textal 
9. Thesame, Two smaller holes ... Rr ? 
10, Solid plate .. eee eee ove ‘ 
i a mn 
12. Two smaller holes ... aa se 65.624 
(To be continued.) 


NOTES FROM THE SOUTH-WEST. 

Iron Ore in Dean Forest.—The Easter Hematite Iron 
Ore Company, whose mines are near Coleford and have 
been closed during the past few years owing to the depres- 
sion of trade, have succeeded in booking substantial orders, 
amounting to 10,000 tons, averaging from 10s. to 12s. 
ton. tly a cargo was sent to North Wales, which is 
a new market. The firm have some 7000 tons instock. It 
is expected that mines will be shortly re-opened. 


Briton Ferry.—After years of labour, perseverance has 
— ena gpa just int time to prevent = search ad 
e Torymynydd seam ven up in despair. 
i Mr. W Richards, ae 


Thursday thi ey ey a had the satisfac- 
tion of winning the long-sought-for seam, which is the same 
coal as the celebrated No. 3 Rhondda, A large number of 
hands will be set on at once, and it is expected that 


the output will shortly reach 200 tons per day. 


The Rhondda Valley.—Messrs. Thomas and Griffiths 
are about to the Gelli collieries. Strenuous efforts 
are now being made to bring the “‘ old drift level,’ No. 2 
seam, into active operation, after a stoppage of four years. 
In addition 20 coke ovens have been recently built, and are 
now wy by be lighted. The quality of the coke, which is 
made of the coal supplied from the No. 3 vein is considered 
compteaety good, and the demand for it is great and 
regular. , 


Tredegar.—The coal trade continues to improve, and a 
vast quantity of coal is despatched daily over the London 
and North-Western m to Birkenhead and Liverpool. 
The iron trade is brisk, and in a few days another new 
furnace will be adding its quota to the pig department. 
The Pochin pits are being pushed forward, and pon ma 
have already commenced the pumping work. The emp pay 
— the company have had a5 per cent. advance this 
week. 


Merthyr.—The coal trade has shown increasing signs of 
activity. Work has been regular and brisk. At the 
Plymouth Iron Works, where continuous contracts have 
been secured, the men have received an advance of 5 per 
cent. The Dowlais Iron Works are in full swing, and 
more men would be put on if they could be obtained. The 
Cyfarthfa works are still extending their operations. The 
return of Mr. Fothergill to Plymouth and Abernant is no 
longer doubted. 


Rhymney Iron Works.—Another blast furnace, No. 4, 
was blown in at these works on a This makes seven 
furnaces now in full blast. No. 1 will be ready for blowing 
in in about a ogee ays and another furnace is being pre- 
pared, when the whole concern will be in full working order, 


Swansea.—The steam coal trade for the past week has 
been as active as the supply of tonnage would permit. 
Orders are plentiful, and in some quarters supplies have 
been scarce, owing in a great measure to the arrival of 
overdue steamers which have been detained at the foreign 
iron ore ports. The — advance in the price of 
steam coal appears as far off asever. ‘The house coal trade 
is good, but there has been no improvement in price. 
Patent fuel shipments have not been so large. Coke 
continues in good demand. In the iron trade no further 
advance has taken place. In many quarters itis considered 
that the maximum price has been attained. Steel rails are 
still in good demand. Thetin-plate trade continues active, 
the demand on home and foreign account being still good. 





STEEL AT Esszn.—The quantity of Bessemer steel made 
by Krupp in 1878 was 98,120 tons. The quantity of 
Martin steel made at Essen in the same year was 19,350 
tons. 


Tue INSTITUTION OF CrIvIL ENGINEERS.—At the 
meeting on Tuesday, the 3rd of February, Mr. W. H. 
Barlow, F.&.8S., President, in the chair, it was announced 
that the Council had —s transferred Mr. John Penn 
to the class of Members ; and had admitted Messrs. William 
Nisbet Blair, Allen Mason Brand, Henry Soom Gilmore 
Dymoke, James Robert Fawkner, William Liddle, William 
Marriott, Richard St. George Moore, William Page, Jobn 
Dann Smelt, and John Harrison Turner, as Students. The 
monthly ballot resulted in the election of John ——. 
F.R.S., as an Hono Member; of Messrs. rge 
Anderson, South Indian Railway, Tanjore ; John Champ- 
ney Bothams, Engineer to the City of Salisbury ; Cuthbert 
Arthur Brereton, Executive Engineer, Waterford, Dun- 

n, and Lismore Railway; Thomas William Miles, 
edly P.W.D., India ; Stair Agnew Stewart, Ex.- 
Engineer, P.W.D., India, and Lindsy Wood, Past-President 
of the North of England Institute of Mining and Me- 
chanical Engineers, as Members; of Messrs. Augustus 
William Harvey Bellingham, Stud. Inst. C.E., Adelaide, 
S.A.; Robert Charles Brebner, Stud. Inst. C.E., Ramsay, 
Isle of Man ; Joseph George Chandler, Addlestone Lino- 
leum Company; Charles William Freke Farewell, Stud. 
Inst. C.E., Resident Engineer, North Somerset Railway ; 
John Rees George, Wellington, N.Z.; Charles Henry 
Holme, Stud. Inst. C.E., Assist. Eng. P.W.D., India ; 
Henry Burdon Hutchings, Stud. Inst. C.E., P.W.D., 
Madras ; George Jameson, Stud. Inst. C.E., Westminster ; 
Robert Hill Julian, B.E., Cork; John William Logan, 
Market Harborough ; Edward Russell Morris, Millwall 
Pier ; William Weallens Shanks, late Ex. Eng. P.W.D., 
India ; Charles Louis Sim, Oudh and Rohilkund Railway, 
Lucknow; George Henry ayhe, M.A., Dublin; John 
—— Vandrey, Stud. Inst. C.E., Derby; and erick 
Walsh, Borough Engineer, Burnley, as Associate Members ; 

of Capt. Samuel Buckle, R.E., Colonial Engineer, 
Gibraltar ; Messrs. Robert Capper, General Superinten- 
dent of Swansea Harbour; Clement Higgins, M.A., 





Temple; and John Orwell Phillips, Chief Officer of the 
Chartered Gas Company, as Associates. 
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THE FORTH BRIDGE. 

Tue failure of the Tay Bridge has called the 
earnest attention of engineers and stockholders to 
two other large undertakings of a similar character, 
one of them now far advanced towards completion, 
the other not yet commenced, but for which the 
capital has been subscribed and the contracts 
let. A special commission has been appointed to 
reinvestigate the design of the great suspension 
bridge at Brooklyn, with a view to ascertain whether 
it has strength enough to withstand the strains to 
which it may be subjected under violent winds ; and 
a commission is also to be engaged to reconsider the 
designs of the Forth Bridge, in order to report upon 
the advisability  f ing it out as already pro- 
posed. As in the case of the Tay Bridge, an un- 
desirable reticence has already been observed with 
regard to this work, which the public generally, 
and the shareholders especially, have a right to 
demand should be broken down, even if the recent 
disaster had never occurred. 

_ If the bridge over the Firth of Forth be executed 
in accordance with the present design, it will con- 
sist of 29 spans, only two of which call for special 
oe: ese are each of them 1603 ft. in length, 
and the superstructure carrying the roadway will 
be suspended from chains passing over towers 596 ft. 
in height, The clear headway above water level 


will be 150 ft. and the piers will be of masonry to 
a height of 25 ft. above the water ; on this masonry 
are placed the steel columns or standards which are 
reared to the enormous height above mentioned. 
Each pier is com of four of these standards 
placed about 120 ft. apart transversely and 100 ft. 
apart longitudinally, and each standing on an inde- 
pendent block of masonry. The two great spans are 
separated from each other by an intermediate and 
central span of 330 ft. crossing an island in the 
middle of the stream, so that one main feature of 
the design is a pair of towers upon this island placed 
330 ft. apart and braced together. To give lateral 
stability to the bridge the superstructure is divided 
into two independent parts, each having a width 
of about 20 ft., and separated by a clear s of 
100 ft. Towards the ends of the bridge this space 
is reduced until the two are combined into one road- 
way, and for the whole length of the structure these 
will be braced together by horizontal bracing. 
The lattice girders carrying the roadway will be 
hung from steel suspension chains by vertical posts, 
from the top of which at their intersection, dia- 
gonals converge to the piers meeting at the level of 
the roadway. Such isa very general outline of a 
project sanctioned by Parliament, indorsed by a 
commission which was composed of men eminent in 
their profession—Mr. Barlow, the present President 
of the Institution, Sir John Hawkshaw, the late 
Mr. Bidder, with Professor Pole, and the Astro- 
nomer Royal, to do any work which might be re- 
quired —a scheme for which the whole of the 
money was advanced by ae in a very few 
days, and it must be added, a project unprece- 
dented in its proportions, and involving many 
novel points in design, and many features of danger 
in the proposed methods of execution. It was only 
afew weeks before the fall of the Tay Bridge that 
the advertisements soliciting subscriptions for Sir 
Thomas Bouch’s later and more ambitious effort 
appeared in the daily journals. In these advertise- 
ments nothing was said which would lead investors 
to suppose that there was anything unusual in the 
scheme, and as a contractor already engaged 
to complete the works for a given sum, and the 
adjacent railways apparently guaranteed 6 per cent. 
interest on the capital, the enterprise appeared safe 
and profitable. 

e believe we are correct in stating that the re- 
quisite capital had been already “taken firm” by 
one or more banks, and that the concern was floated 
on to the public in a peculiarly happy manner. The 
Times City articles encouraged the scheme, and 
seemed loth to admit anything likedoubts. Letters 
were written drawing attention to the boldness of 
the project, to the unprecedented risks involved, and 
asking what security the contractor had given for 
the due performance of his contract, and what 
would be the position of the shareholders if at the 
expiration of the stated time of completion the 
bridge were notready, Forit had never clearly 
stated in terms which a coun m and the 
usual run of shareholders could understand, whether 
the railways guarantee absolutely the interest on 
the share capital whatever may happen, or whether 
it is only a tee after the bridge has been 
opened, and while it is maintained for traffic. As 
a matter of fact they tee only in effect a 
certain amount of traffic in the event of the bridge 
being completed, and like smart men of business 
they quietly transfer all the risk and responsibility 
to the shoulders of the unsuspecting country parson 
and his companions. Indeed with an absolute 
guarantee the railways could have borrowed the 
money at 4 per cent. interest. 

The letters to the Zimes were not inserted, but 
were referred to in the City article, and refuted by 
a statement of opinion that Parliament had ap- 
proved the design, and taken care that all was right, 
and that the experience gained on the Tay Bridge 
would afford ample basis for safe estimates and cost! 
Even if the Tay Bridge had been proved to have 
been one of the reliable instead of the most un- 
reliable structures possible, the nature of its design, 
and the risks involved in its execution, were — 
different to those of the contemplated For 
Bridge. 

Tt is not a little remarkable that none of the best- 
known bridge builders of the country were engaged 
as contractors, and itis a fact that at least one such 
firm had been applied to and declined the respon- 
sibility, despite the singularly advantageous terms 
upon which it was offered. 





We have already referred to the formation of a 
commission to re-examine the design of the bridge 





before an attempt is made to carry it out, and 
we observe that, with the exception of the late 
Mr. Bidder, this new commission will be formed of 
the same members as that which originally ap- 
oct ne the design, It appears to us that the share- 

olders of this undertaking have just reason for com- 
plaint and apprehension respecting this, for it is 
scarcely likely that a renewed investigation will 
affect the conclusion to which the members of the 
commission have ee arma themselves, and 
such an inquiry would be almost worse than useless. 
A new and entirely independent commission should 
be appointed, not so much to reconsider the already 
approved designs, as to decide whether a suspension 
bridge of such large dimensions, and intended for 
such heavy and continuous traffic, is not unsuitable. 








THE EDISON ELECTRIC LIGHT. 

Epison has spoken, The current number of 
Scribner's Monthly contains along and enthusiastic 
article prefaced by the following sentence: ‘I have 
read the paper by Mr. Francis Upton, and it is the 
first correct and authoritative account of my inven- 
tion of the electric light. Thomas A. Edison.” 

We have therefore at last somethig more solid to 
build upon than the flimsy sensations of newspaper 
correspondents, something indorsed by the inventor 
himself, And what does it all amount to? Our 
readers have already (vide ENGINEERING, page 38, 
ante) been made acquainted with the main 
features of Mr, Edison's electric lamp and generator. 
That version, when compared with the ‘ authori- 
tative account” by Mr. Upton, whois described as 
being ‘‘ Edison’s mathematician,” is fully substan- 
tinted in all respects, even down to the smallest 
details of the lamp. But so many new points now 
come to light under the official sanction of the in- 
ventor that we are able to express opinions upon 


sundry of the reputed invention, on}which 
we have hitherto preferred to be silent for lack of 
information. 


The system is now said to be complete, and in- 
cludes a set of ‘‘ Faradic” generators—or, in other 
words, a dynamo-electric machine—driven by steam 
engines, distributing wires, lamps consisting of a 
thread of prep slips of carbon suspended in 
glass globes, and meters to measure the consumption 
in every house. We will speak of these in detail. 

The Faradic generator is simply a rather awkward 
Siemens machine, with the field magnets turned u 
perpendicularly, Why it should be associated wi 
the name of Faraday any more than any other 
d o-electric machine is not very evident. One 
of these machines is never used alone, a second 
being employed to supply a current to the field 
magnet. Thisis a point of importance, though it must 
be confessed that the fact wasconveniently oye 
during a recent controversy in the pages of a con- 
temporary in which Mr. Upton (the writer of the 
article) took up the cudgels to defend the state- 
ment that the Faradic machine converts 90 per 
cent. of the power delivered to it into electri = 
It is rather significant that in the illustration 
Scribner which shows Mr. Edison’s new dynamo- 
meter, the dynamometer is shown as being used to 
measure the power delivered to the distributing 
machine —-. Apparently neither Mr, Edison 
nor his mathematician considers it necessary to 
measure so small a trifle as the horse power consumed 
by the generator which excites the field magnets, 
since the one — — important item (leh o 
experiments, and the other it out of sight 
his calculations. However, nite be too hard on 
this little oversight we will pass it by, simply re- 
marking that if the exquisite view given in Scribner 
of a “central station” be at all like the reality, the 
little item of power used in F ees “rime currents to 
excite for a whole forest of Faradic machines—fifty 
of them are grouped on one floor in the picture— 
will be a very serious one, too serious for even a 
mathematician to neglect, much less for a financial 
manager toignore, As, up to the present time, no 
sets of measurements whatever of the _ con- 
sumed either — generating or the distributing 
machines have been  jprameneny nor any statistics of 
the actual amount of current furnished by them, it 
is simply impossible to get any real knowledge of the 
efficiency of these ines the figures been 
such as to prove triumphantly the claim that “in 
many cases 90 per cent, of the original power applied 
is found converted into electricity,” we should surely 
have been told so by the mathematician, who would 
have effectively hurled them at his disbelieving 
opponent, There is nothing like facts. None were 
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forthcoming a month ago. We are given none now, 
only a statement loosely worded, and obviously so 
worded as to admit of the possibility of being wrested 
to apply to the power delivered, not to the exciting 
but to the distributing machine. And in the face 
of all evidence tending to a contrary conclusion, we 
must decline to accept the bare statement that such 
an extraordinary degree of efficiency has been at- 
tained, until it is established by actual production of 
the data of relative total — furnished to, and of 
the measured quantity of the resulting current de- 
livered, by a pair of Faradic machines, 

The ideas put forth by Mr, Upton on the relations 
of electric currents to the fundamental quantities of 
energy and force are hazy and unsatisfactory in the 
extreme, for a professed mathematician. He runs 
the famous hydrokinetic analogy to death, adding 
sundry embellishments of his own, of which the 
reader shall judge. ‘‘As the water is pumped 
directly into pipes which convey it under pressure to 
the point where it to be used, so the electricity is to 
be forced into the wires and delivered under pressure 
at its destination.” ‘‘ The well-known principle of 
the effect of pressure upon the dynamic power of 
electricity had never been utilised because the 
proper lamp was still unknown.” ‘It is proposed 
to mass a large number of such machines, and have 
them all a electricity up from one wire into a 
second”! ‘A system of electric lighting is nothing 
more than a gas system, where energy takes the 
place of vapours”!! We have tried to form an in- 
telligible idea of the words with which Mr. Upton 
apparently seeks to darken counsel. He evidently 
uses the word pressure as the synonym of electro- 
motive force, with which there is, up to a certain 
point, anobvious analogy. It is a delightful idea 
that of supplying electricity under pressure. We 
are, not, however, of opinion that pleasant easy 
phrases when framed at the expense of, confusion of 
ideas, are in the long run worth having. We have 

et to learn that the electromotive force of Mr. 
dison’s generator is higher than that of the ma- 
chines of Siemens, Gramme, Wallace, or Brush; and 
we certainly cannot admit, even on the statement 
of Mr. Edison’s mathematician, that with a machine 
which ‘‘has such a strength that it is intended to 
use only a small fraction of the power which it 
could convert into electricity,” it is at the same time 
likely that ‘‘ 90 per cent. of the original power” will 
be ‘found converted” into electricity. It will 
require something more than mere words before we 
are ‘“‘found converted” to the creed that when the 
electricity supplied is used torun motors for sewing- 
machines, the amount of power used in the daytime 
will largely pay for the expenses of generating, an 
additional advantage over gas.” We might as well 
be told that the consumption of gas in the summer 
will ‘‘ largely pay” for the expenses of generating 
in the winter, and that this is an additional 
argument in favour of not burning coals. The argu- 
ment would at least be equally logical. What the 
‘‘ effect of pressure” upon ‘the dynamic power of 
electricity” may be, is a point which has never oc- 
curred to us before. It is probably another sample 
of the scientific conundrum ; and for our own part 
—in the absence of any explanation how this ‘‘ well- 
known” principle is to be applied—we give it up. 

The most pleasing part of the whole system is the 
meter. This is a deliciousinvention. A fraction of 
the current is waylaid on its way to the lamps, and 
made to traverse a branch circuit of high resistance 
in which is a small cell for the electro-deposition of 
copper on an electrode, which is periodically 
weighed by the “ inspector.” But this is the least 
part of the affair. ‘There is a further arrangement 
consisting of a lever poised between a spring and an 
electro-magnet, which will, if the consumer trifles 
with the company or draws too largely upon the 
number of cubic feet (!) ee to him, snap down 
upon the magnet, lock itself against a hooked spring 
catch, break the main contact of the circuit, leaving 
only a thin filament of wire to carry the current; 
the filament being itself so thin as to\be instantly 
melted off by the current, and thus tiiumphantly cut 
off the consumer from all communication with the 
main supply wires ! 

This is the happy thought of the entire affair, and 
is worthy of the inventor, though it would hardly 
entitle him to talk of ‘‘my invention of the electric 
light.” If the phrase seems to claim a little too 
much, we must remember that the fashion of in- 
ventors is to claim as their own anything that how- 
ever old is new to them; and we now have it upon 
Mr. Upton’s official word that when Mr, Edison 
**came to” the investigation ‘‘he had never seen 





an electric light.” This single fact will probably 
furnish our readers with some explanation of a good 
many rather curious points. 

On the whole Mr. Upon cannot be congratulated 
on the exactness of his ideas. When he says, “ It has 
been for some time a speculation of the writer that 
the wonderful perfection to which vacuums had been 
brought, pointed historically toward some direct 
connexion between them and the electric lamp,” we 
cannot help wondering what kind of historic faculty 
is needed to make up for a lack of logical perception, 
and whether Mr. Upton’s mathematical ideas are so 
superabundant as to supply the deficiency. 








THE SOCIETY OF TELEGRAPH 
ENGINEERS. 

It is now nearly ten years since the Society of 
Telegraph Engineers was called into existence 
through the exertions of Colonel T. P. Bolton and 
Major Webber, R.E., and it may now be deemed 
to have established a sound position in the world 
of science, Its success in the matter of numbers 
has been highly satisfactory, for it at present com- 
prises 1019 members. To be sure, the finances 
have not been in a flourishing condition of late, 
but happily they are now beginning to show signs 
of some improvement. 

Dr. C. W. Siemens, the first President of the 
Society, contributed greatly by his influence and 
prestige, to assist it in its youth. The Institu- 
tion of Civil Engineers too, of which it is a younger 
brother, has always helpfully accorded to it the use 
of its large hall for the sessional meetings ; but the 
Society has its own excellent rooms and library in 
Broad Sanctuary. The books bequeathed to it by 
the late Sir Francis Ronalds form the finest elec- 
trical library in the world; and another admirable 
private library, that of Mr, Latimer Clark, C.E., 
eg ery of the Society, is as good as promised. 
The Ronalds library, comprising some 10,000 works, 
is now being bound at the expense of certain liberal 
members, and the catalogue will probably be pub- 
lished by the end of March. This catalogue de- 
serves more than a passing notice, since it is really 
a list of all works and pamphlets, whether home or 
foreign, which had appeared on the subject of elec- 
tricity up to the time of Sir Francis Ronalds’ death. 
It will thus be a complete bibliograph of electrical 
literature for the period with which it deals, and it 
is to be hoped that the librarian, secretary, or better 
still, some member of the Society having the requi- 
site skill in languages and knowledge of the subject, 
will carry on the work so solidly begun, and give to 
the world a current continuation of it, 

In a small profession like telegraph engineering, 
the number of illustrious men is necessarily limited, 
and we cannot expect to have such leaders as 
Dr. Siemens and Sir William Thomson to fill the 
presidential chair year after year. Nevertheless, 
new presidents must be found, and such as are in 
some way representative, or can do good to the 
Society. hen Lieutenant - Colonel Bateman 
Champain, R.E., was President, his official position 
and long experience of international telegraphic 
politics were especially valuable in the entertain- 
ment by the Society of the foreign delegates to 
the International Telegraphic Congress last year, 
and for his efforts in connexion with this visit he 
deserved the thanks of the Society which were 
heartily accorded to him on his retirement at 
the recent meeting on January 28. The succeeding 
President is Mr. W. H. Preece, M.I.C.E., the 
electrician to the Post Office, and we are sure that 
by his professional ability and oratorial gifts he will 
make an excellent chairman, and do his best to fill 
the too often empty benches. Probably, too, Mr. 
Preece, from his position in the Government ser- 
vice, will be able to facilitate the measures about 
to be taken by the Society for obtaining a Royal 
Charter of incorporaton. If he can do so he will 
distinguish the year of his presidency in a manner 
to be remembered. 

The inaugural address of Mr. Preece was marked 
in a high degree by all his usual merits, which over- 
powered any faults of style. His picturesque manner 
has its charm no doubt when it is not carried 
too far, and vivid expression is not gained at 
the expense of accuracy and prudence. Poetical 
figures are an ornament to oratory, but they 
should be used very sparingly in scientific dis- 
courses, and with the greatest skill, or else their 
glittering magnificence will offend the taste. Its 
main theme or themes were, as well as we can 
discern them, the union of theory and practice in 





electrical work, the nature of electricity, and 
the progress of electrical science. Some years ago, 
when Sir William Thomson was President of 
the Society, he urged upon telegraphists the im- 
portance of making measurements of earth currents 
with a view to determining their laws and origin. 
There is little doubt but they are due to some 
cosmical influence such as the condition of the sun, 
for since 1859, when an electric and magnetic 
‘* storm” was found to coincide with the outbreak 
of a spot on the sun, “earth currents” have been 
found to associate themselves with the phenomena 
of that luminary. Mr. Preece is right to re-enforce 
the suggestion of his predecessor in this regard ; 
and his notion of having a laboratory in connexion 
with the Society is certainly a good one, if it could 
be carried out ona successful scale, but we fear that 
unless the Society is very much improved it will not 
be feasible for many years. Another topic touched 
upon by Mr. Preece was the “‘ cry” that invention has 
been checked by the Government monopoly of 
the telegraphs in this country. Naturally Mr. 
Preece, the Government electrician, denounces this 
opinion, but when it is known that some of our 
most eminent electricians entertain it, the asser- 
tion of Mr. Preece that the cry is raised by those 
who are ignorant of contemporaneous history or 
too callous to inquire into the facts, cannot be 
accepted freely. 

Departmental bias was also visible in the way 
Mr. Preece alludes to the telephone. He 
observes that the telephone has made ‘“ but little 
progress during the past year,” notwithstanding 
the fact that during that period some 20,000 
telephones have been started in America, and 
that telephone —— have been opened in most 
of our large cities. Indeed, Mr. Preece by this 
official partisanship exhibited inconsistency, for the 
jealous litigation which the Government telegraph 
authorities have initiated against the telephone com- 

anies is in itself a proof of their alarming progress. 

he telegraph authorities have alienated the sym- 
pathies of the public in this matter; they have rejected 
the telephone instead of recognising its possibilities 
in an intelligent manner, and adopting it as the 
Continental services have done, and now when the 
private companies, who with more insight and enter- 
prise took it up at their own risk, and spent their 
money and time = it, are beginning to reap 
their reward, the Government steps forward and 
tries to prevent them. 

Bating these dubitable points and blemishes, the 
address of Mr. Preece was an interesting and in- 
structive one, and recommended itself highly to the 
members of the Society in general, who testified 
their appreciation by repeated applause. 





THE VIENNA EQUATORIAL. 

In our issue of October 10, 1879, we noticed an 
equatorially mounted telescope of 8 in. aperture, 
exhibited at the Paris Exhibition by Mr. Howard 
Grubb, of Dublin. That instrument may be taken as 
a general type of the more moderate sized telescopes 
constructed by this maker. In the present article it 
is proposed to describe a special instrument, unique 
in many particulars, now in process of construction 
by the same [firm. This instrument (of which we 
published a two-page engraving in our issue of 
January 2 of this year) will be the largest refracting 
telescope yet constructed, being 27 in. aperture, or 
1 in. larger than the great Washington refractor (at 
present the largest in existence). The instrument 
‘was ordered by the Austrian Government in the 
year 1875, and the equatorial and mechanical parts 
were completed in the summer of 1878, but such 
was the exceeding difficulty of obtaining perfect 
discs of optical glass of this size, that although 
Messrs. Feil, of Paris, who undertook to supply the 
material for the glass, sent over several discs to 
Dublin during the last three years, perfect ones 
were not obtained till last October. These are 
now being worked into the objective at Mr. Grubb’s 
works as rapidly as the extremely delicate nature of 
the work will allow. Meanwhile, as the mechanical 
arrangements are complete, and have answered most 
fully the duties imposed on them, we are enabled to 
givea full description of the various devices and ap- 
gg introduced by Mr. Grubb into this great 
work, 

A glance at the designs of most of the large exist- 
ing equatorials suffices to show that as a general 

e the makers content themselves with forms 
which are but little more than enlargements of the 
already existing types of smaller instruments. A 
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more careful examination however will show that 


the proportions of are not kept comparable 
with e seamed ye to be carried. The 
reason of this is obvious. If their proportions were 
kept up, the amount of power required to move the 
instrument either by hand, or (what is really of 
more consequence) by the necessary clockwork, 
would also be increased in the proportion of the 
weight to be carried, and thus large instruments 
would become practically unworkable. One essential 
characteristic of Mr, Grubb’s mounting is the large 
diameter of the axes and the efficient nature of the 
antifriction arrangements which render the use of 
these large axes admissible, and thus he claims in- 
crease of that most important of all conditions for 
large telescopes, viz., stability. The stability of 
some of the existing large instruments is stated to be 
satisfactory, but it is hard to imagine that an enor- 
mous instrument such as the Washington refractor 
with its tube 32 ft. long, and generally nearly the 
same size as the Vienna instrument, can be sufli- 
ciently stable on its polar axis of 7 in. in diameter, 
about the same size as that of the 8-in. equatorial of 
Mr. Grubb’s described in our issue of October 10, 
and which weighs probably not many more hundred- 
weights than the otherdoes tons. If the 7-in. axis 
be sufficient for the 26-in. refractor, it is evident 
that the makers of astronomical instruments 
(including Mr. Grubb) must have been making 
mistake in making the axes of their small 
equatorials so large. The more probable explana- 
tion, however, appears to be that the stability of 
the existing instruments was stated to be satisfactory 
because it was supposed nothing better could be 
done. We will now proceed to consider : 

The General Form of the Equatorial.—It is hardly 
necessary here to go into the question of the advan- 
tages of the German form of mounting as compared 
with the other forms (so far as refractors are con- 
cerned), this question been amply discussed by 
all the best authorities. Any one ‘whe has a curi- 
osity to go into the question will find the views of 
almost all the noted astronomical authorities fully 
ventilated in the correspondence printed and pub- 
lished by the Royal Society, which took place rela- 
tive to the great Melbourne reflector, which tele- 
scope Mr. Grubb constructed for the colony of 
Victoria about ten years since. As, however, diffe- 
rences of opinion have arisen as to the best form to 
give to the instrument while preserving the principles 
of the so-called German type, it may be interesting 
to see the various advantages to be gained by one or 
other modification, and to understand the reasons 
which induced Mr. Grubb to adopt the particular 
form he chose for the Vienna equatorial, 

Let it be remembered that the characteristic fea- 
ture of the German form is that of placing the tele- 
scope itself out of the axial line of the polar axis, 
and balancing it by a counterpoise at the other 
side. While preserving this characteristic, many 
varieties of form of course suggest themselves, In 
the accompanying diagrams the same letters refer 
to the same parts; a 6 is the declination axis, cd 
the polar axis. In Fig, 1 the more ordinary form of 





German mounting the centre of motion of the in- 
strument as it is called, i.e., the intersection of the 
polar and declination axes ¢, is placed over, or nearly 
over, the centre line of the mounting or pier. This, 
at first sight, ap the natural position, for the 
centre of motion is also the centre of gravity of the 
telescope, declination axis, and counterpoises, every- 
thing, in fact, which rotates with the declination 
axis. 

‘This form has however this serious fault. When 
observing towards the east, the lower or eye end of 
the telescope is of course to the west of the pier and 
mounting, but when the instrument has followed 
the star up to the meridian (which it is to be re- 








membered is the very best position for observation, 
as the object is then at its highest altitude), the 
lower end of the telescope tube falls foul of some 
portion of the mounting, and (probably in the middle 
of some critical observation) the telescope has to be 
reversed, 7.c., brought to the east of the pier, and the 
observations recommenced. Inasmallinstrumentthis 
is not of very great moment, as the operation can be 
quickly performed; but in a large instrument it 
becomes a very serious matter, involving as it does 
the moving round and re-setting of an instrument 
many tons in weight, and the alteration also of the 

latform and chair on which the observer has placed 

imself ; further, also, in the case of physical obser- 
vations there are generally connexions to batteries, 
induction coils, &c., also to be changed and re-con- 
nected, and after all this the observer will take some 
little time to compose himself for his observations 
under the new conditions. 

To avoid these inconveniences various modifica- 
tions have been adopted to render the German form 
“‘circumpolar,” i.¢., capable of observing objects in 
all positions without reversal of the instrument, 
The most complete of them, so far as the desired 
object is concerned, is, no doubt, that form designed 
we believe by Mr. Wilfred Airy, son of the Astro- 
nomer Royal, the principle of which is shown in 
Fig. 2, It will be seen in this case that the polar 
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axis is supported in a hollow conical casting in- 
clined to the latitude of the observatory, and pro- 
longed on in its original direction till it passes through 
the observatory floor, when it doubles back so as 
not to be an actually unstable structure. This, of 
course, cuts the whole mounting of the instrument 
—— from under it and allows circumpolar 
motion. It would appear that this form is capable 
(so far as small instruments are concerned) of Salind 
made sufficiently stable, but that such may be the 
case it is evidently necessary to make this framing 
of enormous proportions as regards the rest of the 
mounting. such a form had been adopted in the 
Vienna instrument, the castings of the stand would 
have assumed proportions which would have involved 
enormous masses of metal, and correspondingly in- 
creased foundations. 

In designing the Vienna equatorial Mr, Grubb 
kept in view the fact that while circumpolar motion 
was very desirable, indeed almost necessary, for 
objects from horizon to, or approaching to, zenith, 
that it was by no means so essential for objects 
beyond that to the pole. This will be evident on 
consideration, for nineteen-twentieths of the objects 
usually under observation in these latitudes are 
between the zenith and south horizon, and if one be 
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observed north of the zenith its apparent rate of 
progression is so slow that a very little motion of 
the telescope takes place for any given duration 
of observation. Keeping this in view Mr. Grubb has 
adopted the form shown, Fig. 3, which allows the 
telescope circumpolar motion for all objects up to 





the zenith. It should also be cbserved that this 
circumpolar motion gives another advantage besides 
that of non-reversal, viz., that it allows choice of 
two positions of the telescope in observing almost 
any object. In observing near the meridian the 
telescope may be used either to the east or west of 
the pier, and in observing towards the east or west 
the telescope can be used either over the polar axis 
or under, This is sometimes found to be a great 
convenience, The above considerations were those 
which influenced Mr. Grubb in deciding on the 
particular form for the Vienna instrument, and the 
result is that almost all the advantages of circum- 

lar motion are obtained without any serious counter- 

ncing disadvantages. 

General Conveniences of the Instrument.—Designers of 
large equatorials seem to have considered that it 
was not possible to make available those various 
matters of convenience which almost all first-class 
makers now adapt to their smaller instruments, and 
many of which are described in our article on 
the eight-inch equatorial (October 10, 1879). In 
the published descriptions of what these large in- 
struments were to be when finished, will be seen 
iy oe for illuminating the verniers of the circles 

y Gessler’s tubes worked from induction coils and 
elaborate arrangements for reading, &c. How 
this portion of the work is really done in practice 
may be gathered from the following official printed 
description of the instruments at the United States 
Naval Observatory, at Washington. The description 
refers to the great 26-in. refractor. - 

“To read the fine divisions of the hour circle oil 
hand lamps must be placed on stands fitted for this 
—— For illuminating the fine divisions of the 
declination circle it was originally intended to use 
Geissler tubes driven by a Ruhmkorff coil, and this 
method was given a thorough trial. It was found 
that while enough light could be thrown on the 
circle, the management of the coil and battery was 
far too annoying, and the very simple device was 
resorted to of running a gas pipe up the north end 
of the harp-shaped piece, at the end of which two 
stop-cocks were fitted, to which were attached 
flexible-rubber tubes terminating in gas lamps con- 
venient to hold in the hand, A set of steps was 
put on the east side of the casting, and a small 
platform, which does not in any way interfere with 
the moving of the instrument nor with its stability, 
was fixed to its north end, To set the circles the 
instrument is brought into the meridian and set by 
means of the coarse divisions to within less than one 
degree of north polar distance of the required posi- 
tion, an assistant mounts upon the platform and 
holds the gas lamp near the vernier, and the fine 
setting is accomplished by the observer seated in 
the observing chair, the declination clamp and slow- 
motion screw being convenient to his hand,” 

Thus it will be seen that in this, the most re- 
cently erected and probably the most perfect large 
instrument in existence, the oft-recurring operation 
of reading the circles involves the sending of an as- 
sistant with a hand lamp climbing up some 20 ft. of 
the instrument, and when it is considered that the 
vernier referred to is not in any fixed place but 
moves about with the telescope, the difficulty and 
labour of this arrangement will be appreciated. In 
the Vienna instrument Mr. Grubb has carried out a 
system of illumination and readers on the same 
principle (but of course a little more elaborated) 
as that in use in his smaller equatorials, and the 
result leaves practically nothing to be desired, The 
observer sitting in his chair can read the right 
ascension and declination circles through one single 
reader, all being illuminated by one gas lamp hung 
on end of the declination the axis. 

We propose further on to describe this system in 
detail and give diagrams showing the exact appear- 
ance of the circles as seen through the reader. 

The general principle on which the bearings of 
the axes are constructed is such as to insure a maxi- 
mum of steadiness with a minimum of friction. 
All the axes are of cast iron, hollow, and of large 
diameter, they bear on blocks of hard gun-metal 
turned out to receive them. In the case of the 
polar axes the blocks are placed about 90 deg. 
R rw viz., 45 deg. at each side of the lowest point 
of the bearing, so that virtually the axis lies in a 
Y bearing just asin a theodolite or transit instru- 
ment. Such a bearing insures great iness of 
motion, but would of course in itself be quite in- 
admissible on account of the heavy friction. 
Arrangements of anti-frictional rollers are, however, 
introduced, which bear up the axis with about 





nineteen-twentieths of its total weight, or rather nine- 





116 





ENGINEERING. 


[Fes. 6, 1880, 





teen-twentieths of that component of its weight 
which presses on the bearing due to its inclined 
position at any ——_ latitude. bm : ; 

In the case of the bearings of the declination axis, 
the Y blocks have to be placed about 120 deg. apart, 
but this must be varied according to latitude, for it 
is evident that an equatorial instrument erected at 
the pole of the earth would have its polar axis 
vertical and declination axis horizontal, in which 
case the Y blocks might be as close as 90 deg., but 
as we increase the distance from the pole, the 
interval between the Y blocks of the declination 
bearings must be increased, for as the ee 
turns on its polar axis, the position of the Y blocks 
of the declination axis vary as regards the direction 
of gravity, and at a latitude of 45 deg. and a dis- 
tance asunder of blocks of say 90 deg., all the weight 
would alternately fall on one or other of the two 
blocks, and as there would be none on the other 
block, the instrument would really roll out of its Y’s. 
The lower the latitude therefore the wider apart 
must be the Y bearings of the declination axis. It 
will at once be seen from this, that the conditions 
necessary for relieving the friction of the declination 
axis on its bearings, are much more difficult to satisfy 
than as regards the polar axis, for in the latter 
the direction of gravity with respect to the bearings 
is constant, while in the declination axis the direction 
of gravity is ever changing with change of position 
of the polar axis (or as this motion is called change 
of hour angle) except in the case of an equatorial 
erected in the polar regions. In consequence of this 
the reduction of the friction within such limits as 
will render the manipulation sufficiently easy is in 
all cases (with the exception of those instruments 
provided with Mr. Grubb’s internal anti-frictional 
arrangements) effected either by reducing the dia- 
meter of the declination axis (which injures the 
stability of the instrument) or by supporting the 
axis wholly on asystem of rollers without Y bearings 
at all, in which case of course the accuracy of move- 
ment is injured. 

The Vienna instrument, however (as indeed all 
equatorials made by Mr. Grubb over 12 in.), is sup- 
plied with a peculiar system of internal counterpoise 
devised by the late Thomas Grubb, F.R.S , by which 
apparatus the direction of the resultant pressure on 
the bearings is reduced to exactly the same con- 
ditions as that of an equatorial erected in the polar 
regions, or, in other words, similar to an ordinary 
altazimuth, 

In our next notice we propose to deal with this 
question, and give full details of all the arrange- 
ments of the bearings of both polar and declination 
axes with the various anti-frictional arrangements, 
especially those connected with the internal anti- 
frictional arrangements of the declination axis 
mentioned above, and also some special apparatus for 
the relief of the end pressure on the “toe” of the 
polar axis. 

(To be continued.) 








DYNAMO-ELECTRIC MACHINES.—No. II. 

In a previous article* we have given an outline 
of the more general part of the research recently 
made by M. Antoine Breguet, of Paris, on the 
theory of dynamo-electric machines, Our readers 
will doubtless remember that M. Breguet starts 
from two simple principles ; viz., that every dynamo- 
electric machine or generator can be used as an 
electro-motor or electric engine, and vice versd; and 
that a study of the distribution of the lines of force 
in their magnetic field will enable us to determine 
the best conditions for the action of such machines 
and motors. 

We have now to pass on to a consideration of one 
of the very interesting applications which M. 
Breguet has made of his theory to the study of the 
Siemens dynamo-electric generator. This machine, 
which is familiar to the readers of ENGINEERING 
from the article which we published upon it on a 
recent occasion, is the joint invention of Dr. Werner 
Siemens and of Herr Hefner von Alteneck. The 
special feature in it, the armature, with its peculiarly 
wound coils of which we shall presently speak, is 
due to the genius of the latter gentleman, and is in 
consequence sometimes spoken of as ‘‘ Alteneck’s 
armature” to distinguish it from the earlier and 
simpler longitudina] armature with cross section like 
a double headed T employed in the older Siemens 
machines. 

Not to anticipate, however, we must return to 





the logical order of development pursued by M. 
Breguet ; and must refer at the outset to the very 
simple machine figured (Fig. 4, page 1 anfe) in our 
former article, in which a single wire bent twice at 
right angles is made to rotate electro-magnetically 
between the poles of a horseshoe magnet. A 
current enters this wire by a mercury cup at one 
side, and leaves it by a similar cup at the other; 
the direction of the current through the wire being 
automatically reversed at every half revolution as 
the wire swings round, thus alternately attracting 
up the wire towards the pole of the magnet and re- 
pelling it as it passes away on its circular path. 

Suppose next that four such wires are suspended 
around the same pivot, and disposed so as to make 
equal angles with one another, each extremity of 
each wire being provided as before with a small 
What are now the condi- 








tions of rotation? A little consideration will show 
us that if the mercury cups extend as before, and as 
in Fig. 9, to 180 deg. on each side, the arrangement 
will be in every way inferior to the one formerly 
considered ; for the current is now shared between 
four conductors, in each of which there will be but 
one-quarter of the total current, and they cannot all 
be situated in the most advantageous position of 
the field where the attraction or repulsion of the 
magnet is the greatest. Moreover, some of them 
will positively be pulled forward while others are 
pulled backward. So though the current is just as 
strong as before, the altered distribution of the 
current is wholly disadvantageous, and the appa- 
ratus is both worse and heavier than before. Sup- 
pose, however, that the mercury cups are diminished 
till they subtend, asin Fig. 10, angles of but 90 deg., 





Cc 
Fig 10 


only two of the conductors can dip simulta- 
neously into the cup, and one will enter it just 
as another leaves it. Hence half the current will 
now traverse each; and if the sectorial mercury 
cups are judiciously placed so that their edge of 
first contact lies along C C’, which we may call the 
‘* diameter of commutation,” at right angles to the 
line joining the magnet poles, the two conductors 
in contact can never be far from the point where the 
attractive force of the magnetic field will have the 
largest effective leverage upon them. Better still 
will the machine be if the mercurial sectors are still 
further diminished, as in Fig. 11, down to 45 deg. 
Now only one conductor can dip in at once, but it 
will take the whole current, and as it passes out of 
contact the next will pass in. The increased weight 
of the fourfold conductor over the single bent wire 
of the first arrangement is more than compensated 
for by the advantage of always having in the most 
advantageous part of the field that conductor which 
is being acted upon, Instead of simply receiving 
an impulse once every half turn, the impulses come 
eight times during every revolution, and the rotation 
will therefore be much more uniform. 

Once more let us remember what was pointed 
out at the close of the former article, namely, that 
every single wire we have considered may be replaced 
bya coil of many strands, and we shall realise the 
advance now made towards an efficient electro-motor. 
Here, also, we may pause to note that if by the 


principle of reversibility we use mechanical power 


obtain induced currents. And this new generator 

ill possess corresponding advantages over the 
simpler arrangement that had only one bent wire, 
inasmuch as it will give both a stronger and a steadier 
supply of electricity ; there being now eight succes- 
sive roy omer during one revolution instead 
of two as ore, and these currents will be more 
powerful, since the conductors in which they are 
generated are being moved through the most advan- 

us — of the field. 

t is of course unnecessary to su e the con- 
tacts to be made by cups of 1 Ponds, Sone that for 
light experimental bits of apparatus, the freedom 
from friction thus gained is of service. If the eight 
ends of these wires were brought down and soldered 
to a metallic collar on the axis, the collar being slit 
into eight separate parts, each of which successively 
came into contact with metallic brushesoccupying the 
position relatively of the sectorial mercury cups, the 
same end would be attained, though with a little in- 
creased friction. With a larger number of conduct- 
ing wires, the number of segments of the metallic 
collar or commutator would be increased, and their 
angular width proportionally diminished. This is 
in fact the kind of ‘‘ commutator” which is used 
upon almost all the dynamo-electric generators 
in use, 

We are now prepared to discuss the various 
systems of winding a Siemens armature. The 
actual system adopted by Von Alteneck and Siemens 
is a little complicated. In attempting to explain its 
vature, M. Breguet devised a simpler system so 
closely resembling it that he at first thought it 
identical, He took a single stout wire and bent it 
up in the manner represented in Fig. 12, the two 





ends being soldered to one another, and the separate 
bends so insulated as not to touch one another where 
they cross. Four little contact pieces were added 
at the corners |, 3, 5, and 7, to dip into mercury 
cups like those of the preceding apparatus, but 
with quadrantal sectors, as in Fig. 10. Now here 
the whole current obviously traverses each branch 
of the conductor, and the rotation will take place 
with more than redoubled energy ; for the impulses 
will last during a whole quarter of a revolution, and 
there will always be two wires at , and two 
repelled by each pole of the magnet, ‘The same 
system is represented diagrammatically in Fig. 13, 

















Aig. 
where, however, a metallic collar slit into eight 
portions is supposed to replace the little contact 
pieces used for dipping into mercury cups. Of 
course more than eight vertical wires might be em- 
ployed. Any regular polygon having an even 
number of sides would answer; but the octagon 
with star-like points is very simple and effective, 
and oe all es. .——_ each no 
wire of the simple experimental apparatus may be 
replaced by a coil of many turns; and the whole 
may be wound upon a longitudinal cylinder or 


core. 
The actual method of winding up the bobbin of a 
Siemens generator—the method invented by Herr 
von Alteneck—is represented in a similar diagram 
in Fig. 14; from which it will be seen that the ar- 
rangement adopted has sixteen vertical conductors, 
and that it is an etrical one. 
Curiously enough, a German engineer, Herr 
Frélich, who, like M. Breguet, intended to describe 








* Vide ENGINEERING, 1 ante. 
+ Vide ENcInzERine, Tal uxvill, page 101. 





to rotate this system of conductors (or ‘‘armature” as 
wemay call it), as it lies in the magnetic field, we shall 





the Siemens (or, Von Alteneck) armature, discovered 
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another system of winding up the wires, which is 
shown in diagram in Fig. 15. Here also there are 
sixteen vertical conductors arranged in pairs at the 
—- of a regular octagon, and crossing the octagon 

y its diagonals at one end of the armature and by 




















ie Fig. 15. 


long chords crossing in the form of an eight-pointed 
star at the other. 
There are, in fact, a large variety of ways of 
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winding that coils upon a longitudinal armature, 
of which that adopted by Siemens is one, and not 
the best one. M. Breguet says he has found no 
fewer than eight. Of these there is one which 
appears to be better than all the others. It is re- 
presented in Fig. 16. Its —— consists in 
requiring the employment of a shorter length of wire 
to attain the same effects; which of course means 
not only a reduction of first cost, but a saving in the 
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Fig 16. 


wasteful heating effects of internal resistance. In 
this system the portions of the coils which cross the 
ends of the armature to unite the sixteen vertical 
wires cross the octagon along short chords. As 
these end portions of the coils contribute little or 
nothing to the effective work of the motor or gene- 
rator it is a clear advantage that they should be as 
short as possible. M. Breguet has given the follow- 
ing as a Table of the proportional lengths of wire 
ne to make up end portions of equal-sized 
armatures on the four systems: 








” Hy ” ( . 16)... 26.0 

From which it appears that ‘the last described 
arrangement is superior to all the others. Mr. 
Edison’s latest generator is simply outwardly a 
Siemens armature placed between the two cheeks of 
a powerful upright electro-magnet, Itis not known 
yet what system of winding up of the wire he has 
adopted ; though the armature possesses one pecu- 
liarity in having a number of strands of iron wire 
wound traversely between metal cheeks around the 
core, and the longitudinal coils of insulated conduct- 
ing wire are wound on outside. 

o this elegant investigation of M. Breguet there 
only remains one point to add, and it will forma 
fitting peg on which to hang our next and con- 
cluding article on the theory of the Gramme machine, 
namely, that the power of all these machines can be 
increased not only by increasing the number of turns 
of wire, and arranging them as advantageously as 
possible; but by increasing the intensity of the 
magnetic field in which they move by introducing 
iron cores into the very middle of the coils. 





THE TRIALS OF THE 38-TON GUN. 

THE last stage in the experiments on the 38-ton 
gun was carried out atthe proof butts, Woolwich, 
on Tuesday the 3rd instant, The programme for 
the day was to fire a double charge, consisting of a 
battering charge of 1101b. of pebble powder, a 
Palliser shell weighing 705 lb., a papier-maché wad, 
a second charge of 851b. of pebble powder, a com- 
mon shell weighing 5901b., and a second wad. 
The whole was rammed home very heavily, in 
order to represent as nearly as possible the con- 
ditions which were supposed by the Thunderer 
Committee to exist at the time the sister gun burst. 
Every precaution had been taken to prevent the 
possibility of an accident. A new butt had been 
erected immediately in front of, and in fact in con- 
tinuation of the gun cell; which latter, together 
with the splinter trap, had been strengthened, in 
order that they might not be carried away in the 
eventuality of an explosion. 

The result of firing the double round was, that 
the gun burst into fragments, in a very similar but 
not precisely the same way as did the sister gun. 
The breech-piece or coil which surrounds the steel 
barrel, and which terminates about 78 in. from the 
bottom of the bore, was absolutely uninjured, 
though the major portion of the front charge was 
within it, The I.B, coil which surrounds the breech- 
piece was blown to fragments, as also was the 
shoulder of the C or outside coil, which laps over 
the end of the [.B. coil. The main body of the C 
coil itself was also burst in a radial direction several 
inches behind the base of the forward charge. The 
full extent of this radial crack cannot be traced till 
the gun is removed from its carriage. The steel 
barrel was partly broken a off at the end 
of the breech coil, and partly inside of this 
latter, All the forward portion of the gun was 
broken up into countless pieces. The recoil 
was not so violent as might have been expected. 
The pressure at the base of the bore could 
not unfortunately be ascertained, for in anticipation 
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of a very high pressure, the small copper cylinder 
had been crushed beforehand up to 36 tons per 
square inch, and when extracted from the gun it 
showed no change, so that the pressure in the 
powder chamber was in any case less than 
36 tons. More light will probably be thrown 
on this subject when the gauges on the two 
projectiles are recovered. But in the mean time we 
must point out that the anticipations of those who 
conducted the experiments, as to the probable pres- 
sure in the chamber, were not realised. The inside 
of the cell was comparatively little damaged. A 
few large fragments appear to have struck the 
timber sides and roof, and to have glanced off. The 
fractured surfaces of the iron everywhere presented 
a most remarkable crystalline structure, scarcely a 
trace of fibre was visible. This was probably due 
to the extremely sudden nature of the rupture. The 
quality of the steel barrel ‘_ to have been re- 
markably good. Numerous fragments bear marks 
as though they had been struck by the hind pro- 
jectile, very similar marks in fact to those exhibited 
y some of the fragments of the barrel of the sister 
gun. This result of the experiments was pretty gene- 
rally anticipated, since it became known that Sir 
William Palliser had cracked even his converted 
gun, by using two charges, each of 6 lb. of R.L.G. 
powder. 

It now only remains to consider what conclusions 
are to be drawn from the explosion, We may regard 
this subject under two different heads. First, 
how it affects the verdict, as to double loading, of 
the ‘Thunderer Committee, and what light generally 
it throws on the bursting of the fellow gun; and, 
Second, what lessons are we to learn as to the 
efficacy of our present system, of built-up muzzle. 
loading naval guns. Of course, the result in no 
way proves that the fellow gun burst from the 
effects of doubling loading. uch as we should 
like to give way upon this point, it seems impossible 
to be able to do so, as a consequence of the experi- 
ment of last ‘Tuesday taken a/one, in the face of 
the positive evidence of the captain and other 
officers and members of the crew of the vessel; 
evidence which we analysed pretty fully at the 
time, and which was not contradicted by any other 
witnesses examined by the Committee. We 
say that the explosion at Woolwich faken alone 
cannot upset this evidence, because the disaster on 
board the Thunderer might have been caused by 
some other circumstance which would not have been 
incompatible with the unshaken evidence of these 
witnesses. But there is another fact which must be 
taken into consideration. We published last week 
Sir William Palliser’s views as to the stud found in 
the turret after the explosion. The figures as to 
weights of the various studs, as given by Sir 
William, would undoubtedly make it appear pro- 
bable that the recovered stud belonged to a common 
shell, andif thisfact were established satisfactorily, we 
should have no hesitation in still refusing to believe 
in the finding of the Committee. But we are now 
confronted by some different figures. Mr. Greenhill, 
a mathematician attached to Woolwich, at the re- 
quest of General Gordon’s Committee, carried out a 
series of experiments on the weights of different 
studs with the following result. Mean weight of 
several Palliser studs=1383 grains, Mean weight 
of the same number of corresponding studs of 
common shell=1282 grains, eight of the re- 
covered stud=1343 grains. These figures, if correct, 
would tend to prove that the recovered stud be- 
longed to a Palliser shell, but until the discrepancy 
is cleared up we refrain from comment on this point. 
Be this as it may, last Tuesday's experiment certainly 
proves that the Committee was right in its supposi- 
tion, that the gun would burst if double loaded. 

Next as to the efficacy of our present system of 
built-up muzzle-loading naval guns. We cannot 
but think, that all doubts as to the accuracy of the 
verdict of the Thunderer Committee, are but of in- 
significant importance compared to this question, 
Whatever may have been the cause of the first ex- 
plosion, there is no doubt as to the cause of the 
second; and this being so, we fear that too much 
has been proved in the interests of the Woolwich 
system. For it has been demonstrated beyond 
question that an accident, viz,, double-loading, 


which is likely enough to occur in the heat of an 
action (when a muzzle-loading gun is charged by 
hydraulic machinery, worked by men who know 
nothing of what is going on inside the turret), is 
sufficient to burst the gun, kill the eae and all 
oe up the ship’s magazine. 


t must remem- 


that the fire caused by the explosion 


was only extinguished by the co and pre- 
sence of mind of one of the crew. is being so, 
the first great lesson to be learnt from Tuesday’s 
experiment is one which we have never been weary 
of affirming, long before these recent events so 
amply proved the soundness of our views, viz., that 
the use of heavy muzzle-loading guns on board a 
turret ship is a blunder.. And the second is 
that if the use of muzzle-loaders be continued, 
the construction of the should be strong enough 
to resist the effects of a double charge. 








RECENT RAILWAY ACCIDENTS. 

On the 1st of December last a collision occurred on 
the Cheshire Lines Railway, at Brunswick Junction, near 
Liverpool, by which one person was killed and five were 
injured. The collision took place between a Cheshire 
Lines passenger train and a light Midland engine under 
the following circumstances. On the morning when the 
accident occurred the Cheshire Lines Committee, repre- 
senting the Midland, the Great Northern, and the Man- 
chester, Sheffield, and Lincolnshire Railway Companies, 
had opened for traffic, part of the Liverpool North Docks 
Extension Railway running into the Liverpool Central 
Station, a distance of 5} miles. The collision happened 
between St. Michael’s signal station and the Brunswick 
north box, situated at Brunswick Junction, a distance of 
1812 yards, and on which there occurs a tunnel, Dingle’s 
tunnel, 1100 yards in length, at the north end of which 
is placed the Brunswick south signal-box. This latter is 
protected by down home and distant signals, the former 
in the tunnel 61 yards from the box, and the latter at the 
further end of the tunnel and 1200 yards away. The 
Brunswick north signal-box is protected also by down 
home and distant signals, the former within 50 yards of 
the box, and the latter at the same place in the tunnel as 
the home signal of the Brunswick south box. The signal- 
man in this last-named box cannot take off his distant 
signal without the sanction of the man in the north box ; 
the latter is assumed to be unable to give this sanction 
when a train occupies the position in which the engine was 
when the accident occurred, the arrangement of inter- 
locking preventing this, and he is also prevented from 
permitting the south box signalman from lowering his 
distant signal, till he has taken off both his home and 
his distant signals. The instructions issued to the men in 
both boxes appear to be perfectly clear and satisfactory. 
On the morning of the collision a passenger train 
was despatched at 8 a.m. from Walton-on-the-Hill, the 
further station of the new Liverpool Docks Railway which 
had just been opened, to proceed to the Central Station, 
Liverpool, and on arriving at the St. Michael’s signal-box, 
the driver of the train found those signals, as well as the 
distant signal from the Brunswick south box open; he 
accordingly proceeded at a comparatively high speed— 
about 38 miles anhour through the Dingle tunnel—till 
he came in sight of the south box home and the north 
box distant signals already referred to. The former of 
these he found off, but the latter was on, and he at once 
used every effort to pull up. Meantime the signalman in 
the north box had passed an empty engine from the 
Brunswick yard on to the down main line, to follow 
another engine on to the central station, as soon 
as he received the line clear signal for the latter, 
and it was while the second engine was standing 
foul of the down line, that the passenger train ran into 
it, the signalman having previously accepted the “ Be 
ready” signal for this train. In excuse he urged that he 
was confused about the new service, and had forgotten 
the existence of the train. Colonel Yolland, in report- 
ing on this case, points out that three causes contributed 
to bring about the collision. First, the carelessness of 
the signalman at the north and south boxes ; second, the 
excessive speed at which the driver was proceeding; 
and, third, the negligence of the Cheshire Lines Com- 
mittee in the matter of continuous brakes. The dis- 
tance available for the driver of the train was 369 yards, 
which was ample had it been fitted with efficient con- 
tinous brakes. 

On the 9th December a collision occurred on the Great 
Eastern Railway between Peterborough and March, at a 
point about 1} miles from the latter place, the 10.58 p.m. 
up mail train from Peterborough to Ely having run 
into the tail of a coal train. At the place where the ac- 
cident occurred the line is double, and straight and level 
for a distance of about four miles; the line between 
Peterborough and March is worked without any tele- 
graph or block instruments, with the usual time inter- 
vals between the trains. From the evidence it appears 
that the night in question was extremely cold, and some- 
what foggy, and on approaching March the driver of 
the coal train found that his feed pipes were frozen up, 
which caused a temporary stoppage. While the pipes 
were being thawed, the guard ran back for a distance, 
according to his statement, of 664 yards, to affix a fog 
signal on therails. He was whistled back by the driver, 
and on returning the train was started as quickly as 
possible ; it had travelled scarcely 100 yards, however, 
when the mail coming up ran into the tail of the coal 
train. From subsequent examination it was found that 
the fog signal did not explode, but was discovered by the 








side of the rails at a point 330 yards short of that indi- 








cated by the guard. The snow brushes on the mail en. 
gine probably swept off the signal, and it appears 
evident that the guard greatly over-estimated the 
distance he had advanced when he fixed it on the 
rails; considerable blame attached to him for placing 
only one signal instead of two or three, and at so 
short a distance. The driver of the mail train was 
powerless to avert the collision, if his statement 
was correct that the fog and the ice on the engine 
glasses prevented him from seeing the tail lights of the 
coal train till he was within 50 yards of them. The re- 
sponsibility of the accident, which was fortunately un- 
attended by any fatal results, lies of course with the 
railway company for not working the line on the block 
system. Major Marindin, in reporting on this case, 
points out that had the mail train been fitted with an 
efficient continuous brake, the accident would have either 
been avoided, or reduced to insignificant proportions. 

On the 16th December a collision occurred at Thirsk 
Station, on the North-Eastern Railway, about 9.10 p.m., 
between the up mail train, from Hartlepool to Thirsk, 
and a goods train proceeding from Thirsk to Leeds, and 
which had just been passed out of a siding, and was pro- 
ceeding slowly along the up main line. The line here is 
thoroughly protected by three signals, and it appears 
from the evidence that each of these were against the 
mail train, the driver of which nevertheless went 
through at about 30 miles an hour, and maintained that 
the signals were off. Blame was attached to the fog 
signalmen for neglecting to lay down fog signals, as the 
weather was somewhat thick, and also to the signalman 
who allowed the freight train to come out of the sidings 
at the time when the mail was due. The excuse urged 
was that the freight train would only pass on the main 
line through the station, and then go off on to another 
line. But little personal injury resulted from this col- 
lision, but the rolling stock and permanent way suffered 
considerably. 

On the 26th of December a slight accident occurred at 
the Mansion House Station of the Metropolitan District 
Railway, caused by the overrunning of a train entering 
the station and resulting in the engine being brought into 
collision with the buffer stops at the end of the platform ; 
these stops were broken but no damage was done to the 
train, although two passengers were slightly injured. 
This accident was due to the driver having handed over his 
engine to the fireman who from want of experience came 
in at too high a speed, and forgot to put on the West- 
inghouse brakes. The Board of Trade report recommends 
that the permanent way for a distance of about six 
yards from the stop should be covered with 6 in. of 
sand, to help check the engine if it be overrun. 

On the 12th of December a double collision occurred 
on the North and South-West Junction Railway, near 
Acton Junction, by which twelve passengers and five of 
the railway servants were injured. On the day in ques- 
tion a London and South-Western coal train running to 
Kew was run into by a North London down passenger 
train from Broad-street to Richmond at Acton Junction, 
where the coal train had been stopped by signal. Some 
of the wagons were thrown foul of the up line, and were 
run into by an up North London passenger train from 
Richmond to Broad-street. The collision occurred be- 
tween the Hammersmith and Acton junctions, which are 
747 yards apart. At this place there are three lines of 
rails, the up and down and a single line from the Ham- 
mersmith branch, terminating at the new South Acton 
Station. From the evidence it appeared that the coal 
train passing about 6.50 . the Hammersmith 
Junction signals, was pulled up by the Acton Junction 
signal being against him. The signalmen of these 
boxes contradicted each other, the former stating he 
had telegraphed the coal train on to Acton, and the 
latter denying that he had received the information. As 
no written record is kept, this conflicting evidence could 
not be tested, but a mistake had been made and the 
result was that the Richmond down express having been 
passed on from the previous signal-box ran into the 
tail of the coal train. As the night was not foggy, the 
tail lights of the latter were visible for about 300 yards, 
but the passenger train driver believed that they were 
on the third line already mentioned, and did not slacken 
speed for some time; and when he recognised the 
danger, not being provided with efficient continuous 
brakes, he could do little to pullup. The 6.55 p.m. 
North London up passenger train being due and punctual, 
there was no time to avert the second collision, by which 
the engine of this train was thrown off the rails into 
an adjacent field, and some of the vehicles left the 
rails. The driver and fireman were seriously injured, 
but fortunately the other casualties were comparatively 
light. In reporting on this accident, Colonel Yolland 
reiterates his frequently repeated conviction that if 
the passenger trains had been fitted with efficient con- 
tinuous brakes the effect of the accident would have 
been mitigated. 

On the 13th of January a slight collision occurred 
at the East Croydon Station of the London, Brighton, 
and South Coast Railway, the 12 o’clock up passenger 
train from Hastings, while standing at the platform, 
haying been run into by the engine of the 1.50 down 
passenger train. It is at East Croydon that the up and 
down portion of trains are either divided or connected 
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going to or coming from Victoria or London Bridge 
Station. The up and down lines are connected by a 
crossover road, and a loop from each runs at the back of 
the platform. The practice is for the Victoria portion 
of a down train to be brought to the platform on the 
down loop, and the engine detached and run forward ; 
the London Bridge portion is then backed to join that 
from Victoria, and the Victoria engine is crossed over 
on the up line, by which, or by the up loop, it is passed 
on to the engine-shed. At the time of the collision 
there was a dense fog, and the signalman who allowed 
the engine to cross over to the up line gave no intimation 
to the driver of the presence of the up train from 
Hastings, who accordingly ran forward, and only caught 
sight of the standing train when within a few yards of 
it. No passengers were injured, and no damage was done 
to rolling stock or permanent way. 








FACE LATHE. 

WE give above engravings of a face lathe constructed 
by Messrs. Fetu and Deliége, of Liege, 
which is capable of turning articles up to 11 ft. 6 in. in 
diameter, has a face plate 6 ft. 10 in. in diameter, the 
spindle being triple geared as shown. The slide rest is 
mounted on a bed 9 ft. 10 in. long placed transversely as 
shown, and the whole arrangement will be readily under- 
stood from our engravings without further description. 








NOTES FROM THE NORTH. 
Guiaseow, Wednesday. 
Glasgow Pig-fron Market.—The warrant market was 
somewhat firmer last Thursday, and prices closed 7}d. over 
those of the previous day. Business was done during the 
forenoon at from 68s. 6d. to 69s. 14d. cash, and from 69s. to 
69s. 9d. one month, the market closing with sellers asking 
68s. 104d. cash and 69s. 9d. one month, and buyers offering 
14d. per ton less. Prices varied in the afternoon from 68s. 74d. 
to 69s. 14d. cash, 69s. 3d. eight days, and 69s. '7}d. one month, 
sellers at the close asking 68s. 10}d. cash and 69s. 6d. one 
month, and buyers offering 68s. 9d. and 69s. 43d. cash and 
one month, respectively. Friday’s warrant market was 
weaker, and prices receded to the extent of 9d. per ton 
from those of the previous day, and the week closed with 
prices 1s. under those of the previous Friday. There were 
transactions during the forenoon at from 68s. 6d. to 68s. 
cash, and from 69s. to 68s. 6d. one month, the market 
closing with sellers at the higher prices, and buyers at 
68s. 44d. cash and 68s. 9d. onemonth. Quotations dropped 
in the afternoon from 68s. 6d. to 68s. cash, and from 69s. 
to 68s. 6d. one month, buyers at the close offering 68s. 
cash and 68s. 44d. one month, and sellers wanting lid. 
more per ton, while after hours they offered at 68s. cash 
this week. The warrant market opened dull on Monday, 
and business was depressed throughout the day, and closed 
with prices at the lowest figure, showing a heavy decline of 
2s. 44d. per ton. In the forenoon business opened at 
67s. 3d. cash (being 9d. down); and prices went back to 
66s. cash, and from 67s. 9d. to 66s. 9d. one month, the 
market closing with sellers at 66s. cash and 66s. 64. one 
month, and buyers near. There was a further decline of 
rices in the afternoon, from 66s. to 65s. 7}d. cash, and 
rom 66s. 6d. to 66s. 14d. one month, closing with buyers 
at 65s. 7}d. cash and 66s. 3d. one month, and sellers askin: 
3d. per ton more. Yesterday’s market was again backward, 
and prices showed a further decline to the extent of 6d. per 
ton, and 2s. 10}d. under last week’s close. Business was 
done in the forenoon at from 65s. 3d. (a fall of 44d.) to 
65s. 73d. cash, and from 65s. 9d. to 66s. 1$d. one month, 
sellers at the close at the higher prices, and buyers offer- 
ing 14d. under. There was a relapse in the afternoon from 
65s. 3d. to 65s. cash, and from 65s. 9d. to 65s. 6d. one 
month, the market closing with buyers at 65s. 1éd. cash, 
and 65s 74d. one month, and sellers asking lid. per ton 
more. The market opened quietly this forenoon, when 
business was done at 65s. cash, quickly improving on a good 
business to 66s. 44d. cash paid, and closing with sellers at 
66s. 14d. prompt cash, and buyers 66s. The afternoon market 
was quiet—sellers 65s. 9d. cash, and buyers 3d. per ton less. 
For the present, at least, the buoyancy which was lately 
displa 4 in the pig-iron market appears to be entirely 
lost, the tone being dull and heavy, though there appears 
to be plenty of pons Say however, that the market will 
be sustained without any further serious decline in prices. 
The demand for No. 1 special brands for shipment to the 
United States during the past fortnight or so not been 
nearly equal to the buying which characterised the early 
part of the month of January, and several makers have 
reduced their prices. It is believed that business has to 
some extent been checked by the high freightage rates 
which are now named, a number of theleading Transatlantic 
steamers being well filled for some weeks to come. The 
Continental demand is quiet, and the home trade is steady. 
One additional blast furnace has been put in operation at 
Dalmellington Iron Works, thereby bringing the total 
number blowing up to 108, as against 87 at the same time 
last year. With such a great increase to the number of 
furnaces in actual apeee, there is now a very large out- 
put of pig iron. The stock in Messrs. Connal and Co.’s 
warrant stores stood at 435,538 tons at the end of last 
week, thus showing an increase of 3453 tons over the week. 
The shipments of pig iron from all Scotch ports last week 
amounted to 13,382 tons, as compared with 4969 tons in 
the corresponding week of last year—the increase since 
Christmas being 20,271 tons. 


Blast Furnace Workmen.—The furnacemen and other 
employés connected with the Shotts Iron Works have had 
their wages reduced to the extent of 10 per cent. On Monday 
there arrived at Glengarnock Iron Works, Ayrshire, from 
South Wales, a batch of ironworkers to take the places of 
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a number of men between whom and Messrs. Merry and 
Cuninghame there has recently been a dispute. Another 
batch arrived at the works last night. 


The Malleable Iron Trade. — All the malleable iron 
works of Lanarkshire still continue to be aan wg desea 
with the orders in hands, but of late there has na 
slackening in respect of fresh inquiries. For fully two 
years the large establishment, known as Coats Iron Works, 
Coatbridge, formerly occupied by Major Jackson, has been 
standing idle; but it is reported this week that it has been 
leased by one of the old leading ironmasters of the district, 
under whose personal supervision it is henceforth to be 
yo It is capable of giving employment to at least 
500 hands. 


Clyde Trust.—At yesterday’s monthly meeting of the 
clyde Navigation Trustees, Mr. Deas, the engineer, sub- 
mitted his]quarterly report, which contained a great variety 
of interesting matter bearing upon the dredging operations, 
the harbour works, the river works, Stobcross Dock, and 
the trustees’ works at Dalmuir. The weir above Albert 
Bridge has now been entirely removed, en piles 
varying in length from 10 ft, to 16 ft. by 6in. thick. Mr. 
ackson, the contractor, is_making rapid progress with 
No, 4 contract at Stobcross Dock. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Division amongst the Miners.—Considerable pressure 
has, during the past fortnight, been put upon the colliery 
proprietors of South Yorkshire in order that an increase of 
wages might be obtained. The men are divided into three 
camps, and therejare;now two rival ‘‘ unions’’ in the district. 
A marked ‘‘ snub”’ has this week been administered to the 
miners by one firm of colliery proprietors. A deputation 
wished to wait ona firm in order that the introduction of 
a ‘sliding scale’ might be discussed. The masters replied 
that when the miners were so well agreed amongst them- 
selves that they could ntee the following of the whole 
men, —- might be commenced, but not until then. 
It is needless to say the negotiations have not been opened, 
and the rupture has prevented the men from, so far, taking 
a firm stand for that which they believe to be their 
rights.” 

The Railway Wagon Trade.—The revival of trade has 
brought a large amount of fresh work to wagon builders 
and an increased demand for wagons on line. However, 
that the trade has been prosperous during the depression 
may be gathered from the report of the Yorkshire Rail- 
way Wagon a just issued. This company own 
10,955 wagons, 32 locomotives, and 130 railway car- 
riages. The profit for the past year has amounted to 
$1451., and a dividend of 5 per cent. free of income tax 
has been declared. The subscribed capital of the com- 
pany is 394,5401. 

The Locomotive Trade.—We are given to understand 
that some of the local engineers are now largely engaged 
in the manufacture of machinery for locomotive ines. 
The boilers and heavier parts are being made in the North 
of England, but the firmer are being manufactured 
in Sheffield and ere is a growing demand for 
engine tyres, and lately some have been forged 10 ft. 8 in. 
Sh speed, aod taps kang &  grpested Shes Gang Oat bo 
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introduced on one of the main railway systems in England. 


Steel Boilers.—The introduction of steel boiler ‘plates 
was a few years ago actively undertaken by the two 
colossal iron works in Sheffield. There was strong oppo- 
sition to their use. By manufacturing special qualities of 
high-class steel, and leaving them at a low temperature, 
the difficulties attending cracking by rapid develop- 
ments of heat were surmounted. At present large orders 
are coming in forthis material. Boilers made of steel have 
been found to last longer and stand higher degrees of pres- 
sure than those of iron. An effort is now to be made to 
roll special makes for locomotives where extreme pressures 
are requi A serious opposition in this line is antici- 

ted, and buyers appear to hold strong prejudices in 
avour of iron boilers and copper fireboxes. However, 
steel bearings are being rapidly introduced into engines, and 
in work are approved. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. ° 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday the attendance 
on ’Change at Middlesbrough was again , but business 
was flatter and prices were easier. No.3 Cleveland pig 
was sold at 60s. to 60s. 6d. per ton, telegrams from 
Glasgow showing that the market there was further 
depressed. There is a closer connexion between these two 
great iron-making centres than there has ever been, vee | 
merchants having places of business in both Middlesbroug 
and Glasgow. Owing to the pressing demand for forge 
iron, holders are able to obtain for that quality 62s. ood 
ton, although No. 3, which is usually 1s. 6d. ton higher 
than forge, is now selling at 60s. Messrs. Connal and Co. 
the warrant storekeepers at Middlesbrough, who are now 
receiving about 500 tons of iron per day, have a stock of 
107,400 tons, being an increase since last week of 2270 tons. 


The Cleveland Ironmasters’ Returns.—To-night the 
official returns of the Cleveland Ironmasters’ Association, 
showing the actual condition of the pig-iron trade,.,have 
been issued. From these it is shown that out of the 165 
blast furnaces in the North of England, 99 are in operation 
and 66 idle. It is calculated that by the end of h no 
fewer than other 20 blast furnaces will be in operation in 
this district. That fact will sufficiently indicate the view 
that ironmasters take of the prospects of trade. 


The Finished Iron Trade.—Further signs of improve- 
ment are indicated in the finished iron trade by plates being 
quoted from 91. 10s. to 91. 15s. per ton. Every week sees 
additional works put into operation. The output in the 
North of England is being considerably pin ee 

The Affairs of Hopkins, Gilkes, and Co., Limited.— 
Yesterday a meeting of the shareholders of Hopkins, Gilkes. 
and Co., Limited, was held in the registered offices of the 
company, at Middlesbrough, the liquidator, Mr. Edwin 
Waterhouse, of London, in the chair. Formal resolutions 
were passed approving of the scheme of reconstruction 
which had been proposed and circulated, and autherisi 
an oa ae = be = —— court for paying = “a 
ings in the winding up for the purpose of giving effect 
the scheme. The recommendations of the joint committee 
of shareholders and creditors as to the constitution of the 
future board of directors, and as to the management of 
the company, were adopted. 


Engineers and Shipbuilders.—Both these branches of 
industry are growing busier, and the prospects of a good 
year’s trade are apparent. It is satisfactory that the wa; 
question of the Tees shipbuilders has been settled by the 
men accepting an advance of 5 per cent., in lieu of the 74 
per cent. which they claimed. 

The Coal and Coke Trades.—All kinds of fuel with the 
exception of households are in better request, and are re- 
alising higher prices. The collieries and coke ovens in 
South Durham are kept in full work. 





DEEPENING THE BRISBANE. —The Queensland Govern- 
ment have accepted the tender of a Queensland firm—Messrs. 
Walker and Co., Maryborough—to build a dredge of 
dimensions. There are two of these machines now in the 
hands of local contractors, both of which are to be used in 
pepe the Brisbane river by cutting away the bar at 
the mouth. The price and the time for the completion of 
each contract is alike, namely, 29,5001. and two years. 





LONDON ASSOCIATION OF FOREMEN ENGINEERS AND 
DRAUGHTSMEN.—At the ordinary monthly sitting, to be 
held on Saturday, Feb 7th, at the Cannon-street, 
oe {Ply illustrated with dineeasxs oe eThe Bridges 
paper, y illus wi ,on * The Bri 
of the Thames, Old, New, and pro »” and his nittie 
will be quite public, and Mr. J. Newton will occupy the 
chair. e twenty-seventh anniversary festival of the 
Institution is fixed for Saturday, March 20th, at the same 

lace. The Right Honourable Sir Francis Wyatt Truscott, 
Lael Mayor, has consented to preside on this occasion, and 
His Lordship will be suppo: by the sheriffs of London 
and Middlesex, together with many other distinguished 
personages. 


Launcn or H.M.S, “Linnet.’’—The launch of the 
above-named vessel took place on the 30th inst. from the 
dockyard of the Thames Iron Works and Shipbuildi 
mo Blackwall. She isa sister vessel to the Swift 
launched from the above works a couple of months since, 
and is now completing in the Victoria Docks. These 
vessels form a part of a small fleet the English Admiralty 
are now constructing at the royal and private yards, there 
being no less than ten of similar type under construction at 
the present time. They are destined for foreign service in 
tropical waters where dry docks may not be found, and 
have been built therefore on the composite system in 
order.to the bottom being copnered, the only effectnal 
means of preventing fouling. The wholeof the plating in 
these vessels is of Siemens steel, the angle bars being of 
iron rolled from London scrap at the above works. The 
Swift and Linnet are fitted with twin screw engines of 800 
indicated horse power, and a speed of 11 knots is expected. 
They are of the following dimensions: Length 165 ft., 
breadth, 29 ft. ; depth, 14 ft. 3 in. ; draught, 10 ft. ; tonnage, 
B.M 66033; armament, two 44-ton guns amidships and 
three 20-pounders, two in bow under forecastle and one aft 
under the poop. 








METROPOLITAN WATER COMPANIES’ SHARES.—With- 
in the last few days Messrs. Fox and Bousfield sold by 
auction, in 35 lots, some shares embracing freehold rights 
of the New River Com . ——_ two-fifteenth parts 
of a King’s Share, and fifteen 1001. s af. up. 
At pp. and 418 in our last volume, we drew attention 
to the general financial condition of the metropolitan water 
companies in view of their possible purchase by the Govern- 
ment, and the result of the recent sale of New River shares 

ill consequently be of interest. The auctioneer, in offer- 
ing the shares, referred to the probable purchase by Govern- 
ment, and showed that holders of New River shares must 
necessarily be benefited. They would no doubt acquire an 
interest in a Government stock, and yet retain the whole 
of the important landed estates now held by the company. 
If the purchase were delayed the value of the shares wo 
constantly increase. After referring to the annual income 
of the New River Company, the auctioneer dilated on the 
territorial extent of its land possessions in Middlesex, Hert- 
ford, and in the centre of the metropolis, which on the 
falling in of the present leases would. largely increase in 
value. At present the income from the land of the com- 
pany was comparatively small, because it was in ground 
rents, and no efforts had been made to develop the value 
of the land. The shares sold at great prices, as may be 

essed from the fact that one 1001. share, fully paid up 
etched 3851., and the remaining shares of the same kind 
were sold at prices ranging from 380/. to 3851. The last 
declared dividend was at the rate of 101. 3s. 8d., inde- 
— of prospective and additional bonus. These 
inancial facts certainly make the question of the purchase 
of the London water companies a somewhat serious matter 





in a pecuniary point of view. 
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CRIGHTON’S INSULATORS. 

WE annex illustrations of a new form of insulator for 
telegraph lines devised by Mr. Charles E. Crighton, of 
Newcastle-on-Tyne, which appears to possess several 
striking advantages in the mode of securing the wires 
over that generally adopted in the standard type of 
porcelain insulators. The illustrations show clearly the 
modification introduced by Mr. Crighton. Instead of 
























securing the line wire by a binding wire passing around a 
groove in the insulator and wrapped around the line on 
each side, the line wire passes through a slot formed in the 
top of the insulator, and is held in place by a serrated 
steel grip, which is pressed firmly upon the line wire 
by the cap which is screwed down tightly on the top of 


We believe that this device has been 


the insulator. 








favourably considered by the Post Office authorities, who 
have adopted it experimentally on the line between New- 
castle and Sunderland, with a view to subsequent ex- 
tension if the present trials prove satisfactory. 








FOREIGN AND COLONIAL NOTES. 

The North of South Australia.—The Commissioner of 
Crown Lands for South Australia (the Hon. T. Playford), 
accompanied by the Surveyor-General, made some ex- 
tensive excursions in the North with a view to selecting 
sites for Government townships securing a supply of water, 
and inspecting railway routes. They passed over about 
1000 miles of country. 


Porter-Allen Engines.—The Cambria Iron Company, of 
Johnstown, Pennsylvania, have just ordered a second 
Porter-Allen engine, which is to be a duplicate of a 40-in. 
by 48-in. engine, lately e: at their works, which is 
driving a steel rail train. .The Gautier Steel Company 
have ordered a second of these engines. 


Jamestown and Yongala Railway.—This railway, a 
tender for the construction of which has just been 
accepted, will, when the otherjlines authorised by the South 
Australian Parliament are carried out, have the effect of 
connecting the Port Adelaide, Port Pirie, and Port Augusta 
systems.| A railway is now in course of construction by 
day labour from Hallett to Terowie, which will be the 
terminus of the broad gauge, and plans are being p 
and the contracts will probably be ready for letting in about 
six months for a narrow gauge line from Terowie to Quorn. 
The Jamestownjand Yongala line will join this railway, and 
thus bring about the through ‘connexion above mentioned. 
The line starting from Jamestown, the cocting, tome 
ofi the Port Pirie Railway, follows up the y of the 
Balalie Creek. The only township through which it will 
= is Yongala, but it will join the Terowie and Pichirichi 

ine at Section 216, Hundred of Y , where a station 
will be erected. The maxim mt will be 1 in 60. 
Jamestown is situated 1495 ft. above the level of the sea, 
and the line at a distance of 7} miles from that townshi 

will attain its greatest altitude—2023 ft. above the sea level. 
There is then a continuous fall, nowhere steeper ithan 1 in 
80, till about 34} miles from Jamestown, where the height 
is 1673 ft. The line crosses the travelling stock; reserve 


close to Y: township, the contour of the country at 
this spot a broad fiat valley. Here provision will 
have to be le for flood waters, and the line is to be 


carried on a shallow viaduct 4 ft. or 5 ft. high on fifty 
have rolled iron 
place there is a ‘gentle 


erowie and Pichirichi 





rise through an 
reached at the junction with the 


repared | Ho 


Railway, rather more than 214 miles from Jamestown, 
where the level is 1747ft. above the sea. There are no 
heavy works to be done on the line, the greatest being the 
viaduct before alluded to, there being no well-defined creek 


to bridge which might be expected to bring down 


timber [in time of flood. The smallest curve will 
have a radius of 12 chains or 792 ft. The gauge of the rail- 
way is to be 3 ft. 6in., and the line will laid with 


steel rails. The line will be enclosed with iron fencing, 
which the Public Works Department intend to use on all 
the railways, as where there would otherwise be great 
haulage of posts and rails, iron is quite as cheap, besides 
costing less in maintenance. The contract, which amounts 
to 46,7251., has been taken by Messrs. Moline, McDermott, 
and Co., but does not include the erection of station 
buildings, the material for the fencing, and the rails and 
fastenings. 

Sandy"Hook Bar.—A Bill introduced into the United 
States House of Representatives by Mr. Muller, of New 
York, authorises the construction of a channel through 
Sandy Hook Bar, New York |Harbour, to be 31 ft. 6 in. 
deep and 500 ft. wide, the United States enterizig into o 
contract with Henry F. Knapp and others, of which the 
following are the main provisions: The total sum to be 
paid for the improvement works is!to be 5,500,000 dols., 
and an annual subsidy of 30,000 dols. for thirty years after 
their completion for the maintenance of the channel. The 
ments are to be effected in instalments as follows : 500,000 

s. is to be paid when a depth of 27 ft. 6 in. is secured 
and thereafter 500,000 dols. is to be paid for every additional 
6 in. of depth secured, 100 ft. of width to be added for 
every additional foot of depth until the prescribed pro- 
portions are attained. When a channel 29 ft. deep and 
400 ft. wide is attained, the payments are to be increased to 
625,000 dols., and a like amount for every additional 6 in. 


until 31 ft. 6 in. are reached, when the last instalment of 
1,000,000 dols. it to become due and payable. Fifteen per 
cent. of the amount authorised to be is to be re- 


tained by the United States for one year after the full com- 
pletion of the work as security for its faithful performance. 


American Cutlery.—Some 40 years since every particle 
of the table cutlery used in the United States was im- 
ported from England. At the present time, out of 
an annual consumption of 500,0001. worth of these 
commodities, England supplies not more than 8 per 
cent., and American cutlery now 8 hengely, to 
Australia, South America, and even to Europe. This is 
due to an extensive substitution of machinery for the hand 


R labour largely depended upon in Great Britain and 


Europe. 
Population of Victoria.—The population of Victoria 
was estimated in September, 1879, at 894,000 souls. 
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COAL WASHING. 
(Continued from page 94.) 

THE coal washing plant at the Bességes Collieries 
is illustrated by a 7 to 18, which we publish on 
pages 122, 123, and 130, and also on a two-page en- 
graving. In the latter, Fig. 7 is a longitudinal section 
through the building; Fig. 8 is a sectional plan on 
the line W W, Fig. 14; and Fig. 9 is a sectional 
plan on the line V V', Fig. 13. On page 122, Fig. 
10 is a plan at the level ZZ, Fig.13; Fig. 11 is a 
ar plan of the works beneath the washers, 50, Fig. 

; and Fig. 12 a plan on line V V', Fig. 13. On 

130, Fig. 13 is a cross section of the building on 
ine S T, Fig. 12; Fig. 14 is a transverse section on 
line C to H, Fig.9; Fig. 15 is an enlarged plan of 
the riddling appliances shown in Fig. 14; Figs. 16 
and 17 are sections of an old washing plant. 

Referring to the reference figures on these draw- 
ings it will be seen that power is furnished from a 
40-horse power Belleville boiler, which supplies 
four engines. One of these (1) drives the screens 
and the pumps for the hydraulic machinery. This 
engine is worked at a pressure of 43 lb. per square 
inch; the diameter of cylinder is 11.8lin., the 
stroke 19.7 in., and the normal speed 45 revolutions 
per minute, The pumps 2 draw their supply from 
the reservoir 3. These pumps have the power to raise 
353 cubic feet of water per hour to a height of 380 ft. 
The air vessel for the pumps is shown at 4, Figs. 9 
and 12, and 5 is the water main from which the 
service pipes are led off to different parts of the 
building. The coal to be treated is brought into 
the building in wagons (7, Figs. 7 and 9), and placed 
on a tipping table, which is then raised by means of 
a small ram (10) mounted on trunnions, As soon as 
the contents have been discharged into the hopper 
11, the empty wagon is run off on to the line of 
rails provided for the purpose, and taken out of the 
building. The coal passes from the hopper 11 into 
the screen 12. This screen has a double casing 
similar to that already described, and is driven at a 
speed of 15 or 16 revolutions per minute. Figs, 14 
and 15 show the screening process. There are five 
deliveries, as follows: two for fine coal of less than 
-60 in. cube ; the reservoir for this class is shown at 
26, Fig. 14; for nut coal between .60in. and .80 in. 
cube, which falls into the reservoir 24; for larger 
pieces of from .80 in. to 1.50 in. cube, which fall 
into reservoir 21; and for pieces from 1.5 in. to 
Qin., delivered into wagons (20) from the end of 
the screen. The fifth delivery takes place from the 
end of the inner screen on to a grating (13) formed 
of bars placed 2iu. apart. Smaller pieces than this 
fall through upon the delivery slide 18, and thence 
to the wagons 20. The coal thrown upon the grid 
is hand-divided into two classes, all that fit for use 
at once, being thrown into the wagon 15, and the 
remainder into wagon 16, to be set aside for subse- 
quent cleaning, or given away. A subsidiary ar- 
rangement for sorting is placed under the revolving 
screens. It is marked 23 in Figs, 8 and 14, and 
consists of an oscillating riddle driven at a speed of 
140 strokes a minute, the length of stroke being 
4.7in. This riddle further sorts out the small coal, 
and delivers the larger sizes into reservoir 24, As is 
shown in the drawings, the bottom of each hopper 
is furnished with a sliding door, by opening 
which the wagons 22, 25, and 27 are filled. The 
reservoir 18 is fitted with a vertical sluice 19. 
Fig. 12 is a plan on the level at which these 
wagons stand, and from this view the arrange- 
ment of rails and tramplates will be understood. 
The preliminary operation of riddling being com- 
pleted, the loaded wagons are removed for the 
washing process, which is of course regulated 
according to the class of stuff delivered from the 
screens. As will be seen from Fig. 7, the building 
contains two sets of screens like that we have just 
described, Returning to wagon 20 we may follow 
its contents through subsequent stages. It is run 
from the mouth of the hopper to the lift a, Fig. 13, 
and lifted on to the first floor of the building, along 
which it is transported to the wing at the left-hand 
side, The wagon entering this wing is marked 29, 
and Fig. 17 is a transverse section showing the 
arrangement of screens, &c. ‘These screens are 
arranged with inclined sides, and on the gallery over 
it the rails are laid so that the wagons are immediately 
above the highest part of the screen. The sides of 
the latter (30) are composed of cross bars forming 
1.2 in, square holes, At the bottom of these screens 
are flat grids also with square apertures of the same 
size, on which the coal falls from the inclined screens. 
Here it is picked by hand, the schistous fragments 





are broken by the workmen, the clean pieces of coal 

ing transferred to the wagons 33, the remainder 
falling into the hopper 35, and thence to the ns 
36. en full these wagons are taken to the lift a, 
and raised to the screening floor of the main build- 
ing, where the coal is once more into the 
revolving double screen already described. Fig. 18 
is a plan taken on two different levels, and showing 
the arrangement for ety coal into the washers, 
on the right hand the discharge being into the 
Marsaut washer, and on the left into the old piston 
washers placed in the wing of the main building, 
and shown in transverse section, Fig. 16. The coal 
wagons filled from either of the hoppers 21, 24, and 
26 are run on to one of the platforms of the steam 
lift 6, which is shown in Fig. 14, Taking first the 
wagons going to the old piston washers, it will be 
seen that the lift 6 delivers the wagons on to the 
top floor of ‘the building ; from each platform a track 
leads on to a tramplate long enough to receive 
the ends of six tracks, which lead to the 
mouth of a wide hopper 39. Rails are laid along 
each side of this hopper, and on its edges runs a 
traverser, which receives a wagon from any 
one of the tracks, and delivers it when emptied 
upon another track. This hopper is shown in 
Fig. 14, and it will be seen that the bottom of the 


hopper is over a narrow hanging floor upon which | per 


rails are laid for the wagons (40) coming under the 
hopper to be loaded. The extension of this floor 
beyond the main building is shown in elevation in 
Fig. 7. In this view and in section, Fig. 16, the 
main hopper is marked 41. Trunks 42 depend from 
the main reservoir, one over each piston jigger, indi- 
cated by 43 on the section, Fig. 16. The coal to be 
washed by the Marsaut apparatus is ee up to 
the same level as the other by the lift 6, but is run 
off to the right upon rails terminating in a tramplate 
with two other tracks at right angles leading to the 
hopper 47. A traverser (45) runs to and fro along 
the top of this hopper, and on the other side is 
another tramplate, and a track leading back to the 
hoist for the empty wagons. Mg. 18 explains 
clearly the subsequent operations. From this view 
it will be seen that the n 45 dischargesinto the 
hopper 47, which can be closed at the bottom by a 
sluice 48. Side pieces 49 guide the coal from the 
hopper into the washing apparatus 50. This latter 
consists generally of a square trunk or tank, 36 ft. 
high, and 8 ft. 24 in. square, It is made of oak, 
2.4 in, thick, the joints being perfectly caulked to 
make the structure water-tight. The bottom of 
this tank is closed by a sluice which is controlled 
by the screw and handwheel shown. Within the 
tank is a cage or plunger 54 suspended by a rod 
to the ram of a hydraulic cylinder 56. Above the 
top of the tank 50 there is placed a horizontal 
hydraulic cylinder, the ram of which (65) is em- 
ployed to push forward the trays of the cage, 
containing the coal, schist, &c,, when the operation 
of washed has been completed. Regulating and 
distributing appliances 58 and 59 are employed for 
controlling the supply of water to the vertical 
cylinder to vary the travel of the cage up and down 
in the water of the tank 50, and the regulating lever 
is shown at 60. The overflow from the tank caused 
by the charging of the cage flows into the reservoir 
61, first passing through a filtering plate 62, and 
from it a pipe 63 passes to the lower part of the trunk 
to allow of the free circulation of the water as the 
cage moves to and fro, The water in the cage over 
the coal is allowed to flow away through the opening 
55 after the washing is completed. The mud de- 
posited in the lower part of the trunk finds its way 
into the chamber 52, and can be removed by open- 
ing the sluice 53. Whenthe coal has been sufli- 
ciently washed it is raised above the top of the tank, 
and the trays are pushed forward by the horizontal 
ram, the contents falling into one of these hoppers, 
Of these, 69 receives the schist, &c., 68 the coal 
which has to be rewashed, and 67 the finished coal 
which falls into the wagon 70, and is taken off the 
lift a. That to be rewashed is taken back to the 
top of the building by means of the hoist. 

The coaly shale is regularly rewashed at, Besstges 
with great advantage in a piston jigger arranged as 
shown in the diagram on page 123. The sieve S is 
of the ordinary mesh, and the space above it is sub- 
divided into two com ents, A and B, by the 
partition P, the bottom of which is 1} in. above 
the sieve, thus leaving an open slit of that height ex- 
tending the whole width of the sieve. The shaly 
coal being supplied by a shovelful at a time into 
the larger compartment A, the more coaly portion 
speedily becomes separated by its lightness and re- 


mains at the top; while the refuse shale falling to 
the bottom makes its way through the opening under 
the partition P into the smaller compartment B, from 
which a shovelful is taken out every time a shovelful 
of fresh stuff is supplied into the larger compart- 
ment, so as to keep the surface of the shale in B 
always below the level of the stuff in A, in order 
that the difference of head may cause the horizontal 
discharge of the refuse shale from A into B. As 
soon as the layer of separated coaly stuff in A has 
accumulated to a sufficient thickness, it is removed 
by skimming it off with the shovel, and as a guide 
for the depth of the skimming, to prevent the shovel 
from going too low and dipping down into the 
refuse shale, a grating G of round bars spaced 4 in. 
apart is fixed across the compartment A at the proper 

epth. The jigger is worked at a high speed, and 
is stopped every time the layer of coal is being 
skimmed off. 

After the introduction of the new screens succes- 
sive re-riddlings of the slack which had 
through a square mesh of }in. (19 mm.) showed 
that it contained the following proportions of 
smaller sizes, each of these being found to yield 
from 21 to 23 per cent, of ash : 


TABLE I.—Successive ae of Bességes 


Slack, 1877, 
cent. per cent. mm. in. 
100 passed through, and 0 over, a square mesh of 19 or i 
3 ” S ” round » 5 ” 
S34 Se ae 
10 ” 13, Square ” 34% 
3 ” 7 , ” ” 1}, vs 
Add the 3 passing through 
Total 100 original quantity of slack. 


Stuff of this a containing so low a per- 
centage of the est sizes, allows the return 
current of water to easily enough through the 
charge on the sieve of the jigger. It must be classed 
as poor slack, owing to the high percentage of ash ; 
and, in accordance with the considerations previously 
advanced, it is, therefore, essentially suitable for 
treatment in washers acting by filtration, as do the 
ordinary jiggers. i 
This coal is washed at Bességes in charges that 
each forms a layer about 12 in. thick upon the sieve 
of the jigger. Each charge is subjected usually 
to from 200 to 225 and sometimes 250 vibrations of 
such force as to lift it each time 1} in, to 1} in. ; 
the sorting action thus produced, irrespective of the 
effect of the suction, corresponds with what would 
result from a free fall of 20 ft, to 30 ft. through 
still water. The number of vibrations might be 
reduced without impairing the cleanness of the 
washed coal; but the above number is employed in 
consequence of the jiggers being worked by me- 
chanical means, owing to which one man has to 
tend two machines. Five to six charges are ordi- 
narily worked before clearing off the shale left on 
the sieve; the top third of the thickness of this 
layer, containing heavy and shaly coal, is set aside 
to be washed over again by itself ; the bottom two- 
thirds have had all the coal taken out, and can 
at once be thrown away. The slimes that have 
, ay through the sieve are only cleared out once a 
tomes the sample below. 
he following are the results of the working of 
these jiggers during the eleven years 1867 to 1877 : 


TaBLE II.—Coal Washing at Bességes in old Piston 
Jiggers worked by Machinery. 

















Average Percentages of Ash. 
YEAR- | Unwashed | Washed 
Stuff from | Coalfrom | Shale. Slimes 
Riddles. Jiggers. 
per cent. per cent. | per cent. | per cent. 
1867 r 7.84 52.98 42.37 
1868 22.73 6.89 56.39 40.23 
1869 21.74 6.78 52.60 41.24 
1870 21.02 7.01 63.86 41.61 
1871 21.07 7.26 69.53 48.39 
1872 24.24 8.09 66.75 51.83 
1873 26.72 8.18 67.53 50.83 
1874 23.93 7.95 62.24 48.49 
1875 22.58 8.07 62.35 48.02 
1876 23.72 8.42 71.04 49.29 
1877 21.35 7.73 71.65 46.38 

















Each man turns out from 15 to 16 tons of washed 
coal in ten hours. He admits the charge of stuff 





into the jiggers from a hopper above by opening 
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a sliding door, and after washing skims off the 
cleaned coal with a shovel, and throws it on a heap 
in front of the jigger. He is paid at a rate ton 
subject to a bonus or a fine according to the per- 
centage of ash in the washed coal and in the refuse 
shale. ‘This arrangement naturally tends to di- 
minish the percentage of ash in the washed coal and 
to increase that in the shale, In 1877 the average 
daily wages earned by each man amounted to about 
3s. 9d. (4 francs 53 centimes). 

These results are the averages of a very large 
number of tests made independently on behalf of 
two companies having opposite interests in the clean- 
ness of the washed coal ; and also on behalf of the 
men minding the jiggers, for determining the pay 
of each man individually. They may therefore be 
safely relied upon to be quite as correct as can be 
desired in records of this nature; and they will 
satisfy every one practically conversant with coal 
washing that it would be difficult for such coal as 
has here been treated to be cleaned more regularly 
and thoroughly than has thus been done. 


Fig }8 
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refuse must also be carefully examined as to the 

roportion of utilisable fuel carried away in it. 
The absolute amount of the refuse, depending merely 
on the impurity of the raw coal, is only of relative 
consequence ; but its quality has a most important 
bearing upon the actual loss of fuel inc in the 
washing. 

On this point investigations have been carried on 
ever since 1864 by the simple mechanical expedient 
of testing all doubtful stuff in a bath of sulphate of 
zine, the density of which is 1.4; taking this as the 
practical limit of density for coal as a utilisable fuel, 
all that floats on the liquid is coal to be saved, and 
all that sinks is refuse. The following results have 
thus been arrived at : 


Proportion of 
Sinking use. 
Per cent. 
Unwashed stuff from riddles ee 30.96 
Washed coal from jiggers ... oe 9.91 
Shale... es ose ee eee 87.45 
Slimes ... ‘ ° eve 70.58 








These tests show that the shale from the jiggers 
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The irregularity noticeable in the percentage of 
ash in the unwashed stuff from the riddles is owing 
to the circumstance of the coal being supplied in 
varying proportions and of varying b won J from the 
several seams that are worked simultaneously. At 
times of depression in the price of coal, the jiggers 
are even em- 
ployed upon the 
better kinds of 
coal usually se- 
lected for sale, 
containing _less 
dirt, The slight 
differences in the 
percentage of ash 
in the washed coal 
may also be at- 
tributed to these 
same causes, rather than to fluctuations in the 
working. 

To form a correct idea of the efficiency of any 
coal-washing apparatus, it is not enough to look only 
at the percentage of ash in the washed coal, but the 


Recewer 





at Bességes, after washing stuff that has been 
riddled through the 1 in. mesh (25 mm.), contains 
about 10 to 12 per cent. of coal, and the slimes 25 
to 30 per cent. 

To rewash the whole of the shale would be a 
troublesome and unprofitable operation, inasmuch 
as the cost would probably exceed the value of the 
coal so recovered. But the practice that has been 
carried out since 1870, of skimming off from the 
layer of shale on the sieve the top third, in which 
is concentrated all that is utilisable fuel, gets rid 
at once of the remaining two-thirds of the shale, 
from which all utilisable fuel has already been per- 
fectly extracted. There is then only the one-third 
of coaly shale to be further dealt with ; and this is 
commonly rewashed at Bességes with much advan- 
tage in a piston jigger. The shale is charged a 
shovelful at a time into the larger compartment, and 
is taken out from the smaller after washing; the 
shaly coal, which is quickly separated by being left 
at the top while the heavier shale collects at the 
bottom, can be removed with the shovel when 





the layer of it is thick enough. 


The coaly shale here treated contains about 35 per 
cent, of The rewashing recovers ential 4 f 
coal containing 18 to 22 cent, of ash, which is 
consequently as _ fuel as the original unwashed 
stuff from the riddes (see Table II.), but cannot be 
further cleaned to any lower percentage of ash. The 
two-thirds of shale left from the rewashing contain 
45 per,cent. of ash; and in testing this refuse by 
burning, to ascertain the percentage of ash, it 
naturally Joses a larger proportion of volatile matter 
than does the ordinary shale from the first washing, 
because this shale separated by the rewashing is of a 
less dense kind and of a special character, forming, 
in fact, in the scale of density the transition from 
shale to coal. As the shale separated in the first 
washing amounts to nearly 12 per cent, of the un- 
washed coal supplied to the jiggers at Bessoges, it 
will be seen that by the rewashing of the shale, the 
loss of fuel in washing is diminished by one-ninth 
of the shale, or one-ninth of 12 per cent. ; that is, 
the proportion of fuel recovered by the rewashing 
is about 14 wa cent, of the original quantity of un- 
washed ‘ 

The preceding Table II. has been purposely carried 
back to 1867, because the rewashing of the shale 
was only begun in 1870; and thus the effect of this 
additional treatment upon the percentage of ash in 
the refuse shale can be seen by comparing the 
figures given for the three previous years with those 
obtain ee the mean for 1867-69 being 
53.99 per cent., while for 1870-77 it is 66.87 per 
cent. of ash in the refuse shale. With the rewashing 
of the shale, therefore, the loss of coal in the refuse 
shale may be considered insignificant. 

The loss in the slimes is unfortunately a more 
serious amount; and practical means are as yet 
wanting of recovering the coal thus carried off. 
Moreover, whatever was recovered would be of the 
same quality as that obtained from the rewashing of 
the coaly shale, and would be besides in such a fine 
state as would render it more difficult to be made 
use of, 

On removing from the sumph the deposit of 
slimes produced by washing poor slack, it is found 
to be very distinctly stratified, corresponding to the 
number of times the shale has been cleared off from 
the sieve. In each layer the bottom portion is 
consequently the richest, having been deposited 
while there was the smallest thickness of shale on 
the sieve, and while the suction in the return down- 
ward current of water was producing consequently 
its greatest effect. The upper portions in each layer 
become less and less rich, with the gradually in- 
creasing thickness of shale and diminishing suction 
at each succeeding charge. 

But as the different qualities of the stuff in each 
layer are necessarily intermingled, it is not possible 
to concentrate all the utilisable fuel into a limited 

ortion of the slimes, as is done with the shale. 

ence to recover anything from the slimes the 
entire quantity would have to be rewashed. The 
attempt to do this by the present processes would 
be attended with so many practical difficulties, in 
treating such fine stuff containing 40 to 50 per cent. 
of ash, that the slimes are generally thrown away 
as altogether waste, in spite of the loss thereby in- 
curred, 

There is one means, however, of diminishing this 
loss, namely, by leaving a permanent layer of shale 
upon the sieve of the jigger. With a layer of 23in. 
(6 centimetres) thickness, a diminution of about 
5 per cent. is effected at Bességes in the quantity of 
coal that floats on testing the slimes in the bath of 
1.4 density. ‘This is the result of trials made during 
the whole of the year 1864 with four pairs of 
jiggers. 

The loss of coal in the slimes would certainly be 
reduced still further in the ordinary jiggers, if the 
number of vibrations to which each charge of stuff is 
subjected were kept down to the lowest that is com- 
patible with the proper cleaning of the coal; but 
owing to the difficulty of fixing this minimum 
number for a material of indeterminate character, 
and from fear of not treating the stuff thoroughly 
enough, the working, and consequently the suction 
too, is now and then continued longer than the 
period necessary. Hence the jiggers acting by 
filtration of the water involve an inherent cause of 
loss; «nd this loss increases as the duration of work- 
ing a charge exceeds the minimum that is requisite, 
as will be seen from the results which will be bere- 
after given of trials made with the jiggers at Bességes, 
the total number of vibrations per charge being 
varied from 50 to 300. 

It was found that the quality of the washed coal 
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improves rapidly with the increasing number of vibra- 
tions given to the charge, up to 250, after which, 
however, the further improvement becomes insigni- 
ficans. The quantity of slimes also increases regu- 
larly with the number of vibrations ; while the per- 
centage of ash in the slimes, which is low at first, in 
consequence of the raw coal coming oftener in direct 
contact with the sieve, rises to a maximum, and 
afterwards diminishes again in proportion as the 
working is prolonged, because of the suction acting 
upon the finer portions of the charge which are 
then becoming gradually cleaner and cleaner. The 
results thus arrived at in practice are just what 
would be expected from theoretical considerations. 
(To be continued.) 








THE FORM OF RIVETTED JOINTS. 
To THE Eprror oF ENGINEERING. 

Srr,—As your last issue, Fe 6th, contains a re- 
print of a portion of the ‘‘ First Report of the Committee of 
the Institution of Mechanical Engineers’ you will doubtless 
reprint my letter to the members of Committee, another 
copy of which I herewith enclose, so that your readers may 
draw their own conclusions. It is stated at page 111, 
middle of first column: ‘‘In some experiments made by 
Mr. Kirkaldy for Mr. Denny in 1879 the rivets sheared at 
16.4 tons per square inch in steel plates.’’ As the Committee 

rofess to give the results of my experiments made for 
essrs. Denny and Co., it can now be no breach of con- 
fidence on my part to send you for publication a faithful 
copy of my official reports A, B, C, and D addressed to 
them. I received seven rivetted joints, four being lap and 
three butt joints, one of the lap and two of the butt gave 
way by the plates fracturing across rivet holes, whereas, 
three of the lap and one of the butt gave way by the shearin 
of the rivets. On referring to my tabulated reports it wi 
be found that the rivets sheared per square inch of sectional 
area as follows: Nine rivets with 20.6, six with 19.8, nine 
with 19.4, and twelve with 19.2, mean of the thirty-six 
rivets being 19.75 tons. Now how did it come to pass for 
the Committee to state in the sentence quoted above, that 
the ‘‘ rivets sheared at 16.4 tons’? The difference between 
their statement and of that in my official reports being 
thus 3.35 tons per square inch, or 16.96 per cent. less. Com- 
ment on my part would surely be superfluons ! 
Yours respectfully, 
AVID KIRKALDY. 
Testing and Experimenting Works, 99, Southwark-street, 


mdon, ye 9, 1880. 
[We are obliged to Mr. Kirkaldy for i us copies of 
his reports to Messrs. Denny, but we should scarcely be 
justified in publishing these reports without Messrs. 
Denny's express ission. At the same time it is only 
just to Mr. Kirkaldy to state that his remarks as to the 
shearing strain under which the rivets failed in the experi- 
ments made by him for Messrs. Denny are entirely borne 
out by the reports we have received. The only place in 
which we find the figures ‘‘ 16.4” tons in the reports is 
where this is given as the shearing stress per square inch 
upon the rivets in a case where the joint under test failed 
by the tearing of the plate, the rivets not being sheared. 
The error to which Mr. Kirkaldy directs attention is an 
important one.— Ep. E.] 





THE SIEMENS DYNAMO.-.ELECTRIC 
MACHINE, 
To tue Eprror or ENGINEERING. 
S1r,—Referring to your article on the modern Siemens 
dynamo-electric machine, it seems that one of the easiest 
ways of explaining the method of winding the wire is to 
regard the revolving armature as a modification of the 
Gramme ring. My meaning will be best explained by the 


Fig. 2. 
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diagrams. Fig. 1 is a transverse section of the Gramme ring. 
Now, instead of winding the wire through the ring wind 
it across the ring, as in Fig. 2, aud make the commutator 
connexions in the same way as they are made in the 
Gramme. This is in reality the Siemens - Alteneck 
armature. Yours, &c., 
Joun Henry KNIGHT. 
Weybourne House, Farnham, Feb. 10, 1880. 


THE TAY BRIDGE. 
To THe Eprror or ENGINEERING. 

Srr,—I trust that you will think the failure of the Tay 
Bridge piers a matter of sufficient importance to justify my 
request for the insertion of a few remarks in addition to 
those in my letter of the 26th ualt., already printed in 
ENGUNRERING of the 6th inst. 

I think that by this time it appears pretty clearly that 
the failure of the piers is to be traced more to the insufli- 
cency of holding down of the columns to their foundation, 
than to any defects in the metallic part of the structure. 








The calculations in my former letter no doubt went to 


show what amount of holding down of the columns was 
required in order to give the pier sufficient resistance 

inst a very high wind, rather than the actual holding 
down power of the foundations as constructed. 

I think, however, that I may claim for the manner of 
tating the deflective force of the wind, which I have 
adopted, that it affords great facility for determining the 
force of wind required to produce any given strain upon the 
columns and foundation. 


If for instance a resistance of 5 tons is all that the foun- 
dation of the extreme windward column is capable of bear- 
ing, then 5 tons divided by 71 (the sectional area in 
square inches of the outer column), we get 0.07 tons per 
square inch as the requisite tensional force. 

Then, referring to the diagram beneath, 1.19 tons per 
square inch from the direct insistent pressure plus 0.07 
tension gives 1.26 for the total — motion, as against 
2.13 under a force of wind of 40lb. on the square foot. 
The force of wind must then be reduced in the proportion 
of 2.13 to 1.26, giving 23.7 Ib. on the square foot, to pro- 
duce a tension of 5 tons on the extreme windward column. 
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The above shows what an injurious effect is caused by a 
too slight holding down of the outer column, for it appears 
that even with so light a wind as 23.7 lb. per foot, the 
foundation of the outside windward colamn would be torn 
up, whereas, if there were no holding down at all, the pier 
would not overturn under a wind pressure of about 40 lb. 
per square foot. 

I am, Sir, your obedient servant, 
London, ayy? 10, 1880. G. H. Purprs. 

[We print Mr. my ol letter, but we must confess that 
we do not understand how the stability of the piers could 
be increased by not bolting down the columns. Ep. E-] 





THE TALBOT BOILER. 
To THE EpiTor oF ENGINEERING. 


S1r,—My attention has been drawn to your description 
of the above, in which you infer that this boiler is an im- 
provement of the type first introduced with the Baxter 
engine at the Liverpool Show. This is not the case; the 
Talbot boiler, as now made, is almost an exact copy of a 
boiler designed by me long before the Baxter engine was 
known here. In ENGINEERING of July 16, 1875, you 
give a description of my boiler, and recommend the intro- 

uction of the fireclay furnace, which it appears is now 
claimed asa novelty. Boilers of all sizes, from one to ten 
horse power, have been made on my plan, and their success 
can be confirmed by Messrs. J. and E. Hall, of Dartford, 
who are the sole Km, 


February 9, 1880. 


KIRKWOOD'S NEW FILE. 
To THE EpITor oF ENGINEERING. 

Srr,—In looking over your issue of January 16, I observe 
on page 49 a reference to a communication on the above 
subject, read by Mr. J. Kirkwood before the Royal Scottish 
Society of Arts. 

As far as I can gather from the description given, this 
new file is precisely the same as that which Holtzapfel, in 
vol. ii., page 839, of his ‘‘ Turning and Mechanical Manipu- 
lation,’’ describes under the name of White’s perpetual 
file which was invented many years ago. He also de- 
scribes the mode of sharpening this file, viz., loosening the 
screw and fixing the plates in an oblique position (by two 
bevelled washers I suppose), so that the chamfers should all 
lie on one surface pom | thus be ground all at once. 

I am, Sir, yours truly, 
WILLIAM SIsson. 


KILLINGwortH Hepags, C.E. 














BOILER INCRUSTATION AND 
EXPLOSIONS. 
To THE EDITOR OF ENGINEERING. 

Str, —I notice in your last issue a communication on the 
above subject trom Mr. Maurice Schwab. There need not 
be two opinions as to the value of boiler inspection by a com- 
petent authority employing fit and proper men for the 
business. The benefit to be derived from proper boiler 
inspection is a very important one, and there is still greater 
benefit derivable from boilers that are kept clean and free 
from incrustation. 

The advice Mr. Schwab gives is not bad. ‘ To prevent 
incrustation have the boilers treated with a good boiler 
composition,’ providing such treatment proves good. But 
it is only too true, as Mr. Schwab adds, “that anti- 
incrustation remedies can be counted by hundreds,”’ and 
the ‘one or another most excellent thing are condemned 
with the rest of their rubbishy competitors.”” And so 
they had better be. Many boiler compositions that I have 
seen ied remind me in their results of (doctorings) un- 
desirable doctrines. Of course those steam users who have 





proved common soda and such like to be of service will 
stick to it, 








Perhaps Mr. Schwab has never seen the boiler filters 
designed and made by me in connexion with fuel econo- 
misers. I shall be glad to show him to that or any other 
gentleman, and forward plan and particulars. The proper 
thing for safe steaming is to have an economiser as close 
behind a boiler as you can fix it, and have one or more 
filters amongst the pipes of the economiser, then with an 
intelligent fireman you will have both more economy and 
safety, and no incrustation whatever. 

J. TWIBILL. 


Broadheath Foundry, Manchester, February 7, 1880. 





“A HYDRAULIC NOVELTY.” 
To THE EDITOR OF ENGINEERING. 

S1tr,—I beg to submit to your readers the idea of a 
water-raising apparatus, which, being based on a new 
principle, may be of some interest. 

The object of the apparatus (shown in Fig. 3) is to make 
a direct use of the energy created when water flows from 
a certain level, for raising a small portion of it to a higher 
level in a continuous stream. I have not had an opportunity 
to test the idea by experiments, and I should be glad if the 
description should induce any of your readers to try it. 
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When water flows with a velocity v due to ahead h, the 
velocity causes a pressure in a pipe a (Fig. 1) with its 
month against the stream, and a suction in a pipe b with 
its mouth in the direction of the stream, the force of 
pressure as well as that of suction being, in head of water, 


= - , or=h, if frictional and other resistances are left 


g 
without consideration. 

The pressure and suction when brought to act com- 

binedly, therefore, balance a head of 2h. If a piece of 

ipe c (Fig. 2) is placed in the stream these forces act com- 

inedly inside the pipe, as soon as there is any difference 
between the velocities at the ends of the pipe c and in the 
stream, and the hole in c can, therefore, be reduced at the 
middle part, to a certain extent, without causing any de- 
crease in the‘quantity of water passing the pipe c ; the water 
merely travels quicker at the reduced part. The greatest 
speed which the water can acquire is that due to the maxi- 
mum force of pressure and suction Or 2 h, or slightly less, 
as a portion of the energy must be consumed to overcome 
the friction. If the water should travel slower at the 
throttled part it also would travel slower at the ends, and 
the created pressure and suction would tend to increase 
the speed. The increased velocity in c does not in any way 
affect the total course of the stream, as the energy stored 
up in the first part of c is returned in the second part. 

If the mouth of a pipe d (Fig. 2) is brought into the re- 
duced part of c, the water will rise in d to the height of 
2h, corresponding to the velocity at the mouth. The re- 
duced part of ¢ may be considered as an outflow pipe, and a 
smaller ‘‘throat’’ inside it would create a raed sufficient 
to balance a head of 4h, and so on. If the water is allowed 
to flow out from d the velocity will be reduced by the work 
done, and the height to which the water rises will be less 
than 2h, being the nearer 2h the less the mouth of iis, 
in comparison with the reduced hole in c. With a double 
‘* throat’’ a working lift of three times the fall h ought 
practically to be got. An apparatus constructed on this 
principle would be very suitable for fountains, fire-ex- 
tinguishers, and other purposes where a continuous uniform 
flow is desirable. The sketch iv Fig. 3 is only for explain- 
ing the idea, and an apparatus in accordance with it would 
waste too much water to be of any practical use, but the 
apparatus can easily be modified so as to economise the 
water. I think it would not be difficult to obtain with an 
apparatus, constructed on this principle, the same ct as 
with a hydraulic ram. The lift is, of course, to bk ..scer- 
tained by experiments. 
I am, Sir, yours respectfully, . 

Vv 


London, February 9. zy 








SMOKE PREVENTION. 
To THE EDITOR OF ENGINEERING. 

Srr,—I have read with pleasure the letter of your 
American correspondent Mr. Ambler on smoke preven- 
tion, and I think the course taken by the people of Chicago 
is commendable, and might with advantage be copied by 
many large towns here in England, where smoke is belched 
out with a certain amount of pride by some manufacturers 
(no doubt as an indication of good trade). Wehave a large 
number of valuable inventions for the combustion of smoke, 
some very efficient, easy to te, can have a reducing 
or an oxidising flame at will (I allude now to the gas 
furnaces in metallargical operations), a saving of fuel 
amounting in some cases to 50 per cent., also a saving of 
labour realised, and last but not least, a large saving of 
space within the works, the unsightly heaps of coal which 
stand round about the old reverberatory furnaces are dis- 
praeed with, the fuel being converted into gas outside the 

uilding. 


Now where these gas furnaces are in operation for reheat. 
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ing and melting, they are appreciated alike both by manu- 
facturers and their workpeople, yet, Sir, with all the 
advantages they command, how few we have in this 
ountry compared with the output of iron and steel. 
Those firms who have adopted gas furnaces appear to me to 
be steel makers of recent origin ; very few manufacturers of 
iron have them in their works, some say they are not 
applicable to their trade, some that they are afraid of 
explosions, some adopt them as it were on trial, and the 
furnace does not find favour with the men, who either burn 
it down or else overheat its contents so as to e them 
useless, or they will not bring out the usual amount, 
saying these furnaces do not work so well as the old ones, 
and finally they succeed in getting them abolished at their 
works to the satisfaction of themselves and comrades. 
Sometimes the foreman or manager, who does not like 
these new fangled inventions, says there is nothing 
to beat the old-fashioned furnaces yet, &c., and so the firm 
goes on using a furnace (the old reverberatory) which is a 
perfect disgrace to this the nineteenth century, and not 
only a disgrace, but a nuisance, for it burns more coal by 
half than it ought to do, and belches part of this coal out 
of the chimney in the shape of unburnt fuel (dense black 
volumes of smoke) into the atmosphere, thereby disfiguring 
our public buildings and rendering, in some cases, the air 
totally unfit for respiration ; nor is this all. the waste heat 
that takes place is prodigious. If, for example, a mass of 
material is to be heated toa foe rere of 2000 deg. by flame 
of 3000 deg. temperature, it is plain that the escaping gases in 
the ordinary furnace will be at the temperature equal to 
that of the material ; proof of this can be seen at any time 
by standing outside some of our iron and steel works, and 
seeing thegreat heat these stacks attain, often red, sometimes 
white hot (all this comes out of the manufacturer’s pocket) ; 
now it would be entirely avoided by:the use of gas furnaces, 
and the public might be enabled to find a little pure air, 
without having to travel 10 or 15 miles for it. I wish Mr. 
Ambler and his fellow workers success in their undertaking, 
ard that again the Americans will show us (who area 
bigoted and conservative people), that unless we adopt 
these and other improvements, we shall lose the good name 
our forefathers obtained for us. 


Manchester, February 10, 1880. 


CARBON. 








SOCIETY OF TELEGRAPH ENGINEERS, 
INAUGURAL ADDRESS. 
By Wiiu1am Henry PrReEzEczE, President. 

ON surveying the wide sea upon which the numerous and 
varied practical applications of electricity are launched for 
the subject of this evening’s address, I have been puzzled 
to steer a course that shall avoid the dazzling shoals of 
theory on the one hand, and the dry hard rocks of prac- 
tice on the other. Hypothesis is a veritable Scylla that 
captivates the imagination, and often sends the visionary 
to destruction, while practice alone is a hard-hearted 
Charybdis that lures the matter-of-fact practical man to 
folly and expense. Practice must be tempered with theory 
to utilise advantageously the great forces of nature, and 
theory itself must be based on practice, or on facts, to be 
comprehensive and acceptable. Hence success is the off- 
spring of the marriage of practice and theory, and, there- 
fore, as the two are so intimately connected, I have deter- 
mined to steer a middle course to-night to survey the 
progress of each in our profession, and to show their mu- 
tual relationship. 

What is theory? It is an explanation of the hidden 
cause of certain effects that are evident to the senses. It 
is an effort of the imagination to account for operations 
that are in themselves invisible and insensible, but which 
result in facts that are observable and known. Thus the 
movements of all those bright bodies by which 

** the floor of heaven 
Is thick inlaid with patines of bright gold,’’ 

are explained by the theory of gravity. Their appearance, 
vagaries, and beauties are accounted for by the undulatory 
theory of light. The warmth that the monarch of them 
all shed upon this earth countless ages ago, and that is 
now restored to us in our household fires, is explicable on 
the molecular theory of heat. The constitution of matter 
and its various states of solid, liquid, and gas, are com- 
pletely explained by the atomic theory of Democritus and 
Dalton, and the modern kinetic theory of gases. 

It is impossible for a practical man who has devoted 
more than a quarter of a century to the application of 
electricity to useful purposes, to avoid devoting much con- 
templation to the nature of the agent which ke has to 
make use of. The imagination cannot be checked. The 
mind will dream and theorise. The untutored savage 
fancies he hears in the roar of the thunder the anger of 
the Great Spirit, and the tutored Greek saw in the daily 
course of the sun the chariot wheels of his god Helios, and 
in the grey dawn of the morning the advent of the soft 
and gentle Aurora. The Saxon churl saw in the lambent 
flame of the phosphuretted hydrogen of his marshes the 
gambollings’ of Jack-o’-lantern, or the treacherons ways 
of Will-o’-the-wisp. Is there a member of this Society 
who has not striven to peer into the region of the un- 
known, who has not speculated on the power he uses, or 
who has not formed some conception in his mind of the 
nature of electricity? Yet it is remarkable that the answer 
to the question, What is electricity? cannot even now be 
given with authority. Faraday, our great apostle, whose 
researches should be every electrician’s bible, declined to 
venture an answer, nor did he ever directly formulate his 
ideas on the subject, though his publications indicate 
pretty clearly and with no uncertain sound what they 
were. Clerk-Maxwell, while he overthrew all existing 
theories, failed to supply their place before he was so un- 
ony removed from us. Sir William Thomson, in his pub- 
lished papers, always carefully eschews the consideration 
of any physical theory of electricity. The French elec- 





tricians simply use the one-fiuid theory as a convenience of 

, while the Germans, as a rule, employ the two- 
flui eory merely for mathematical purposes. Hence 
there is no recognised theory of electricity. Some main- 
tain, with Du Fay or with lin, that it is a form of 
matter—a substance; others, following Faraday and 
Grove, consider it a form of force—a motion—like heat 
andlight. It must be either oneor theother. There is no 
other category in which to class it. If it is not a form of 
matter it mustbe a form of force. The question I purpose 
to discuss is, therefore, Is electricity a form of matter, or is 
it a form of force? 

In discussing such a vexed question it is necessary to be 
very precise in language to avoid any misconception of my 
meaning, therefore I will define both matter and force in 
the sense in which I use those terms. Matter is that 
which can be perceived by the senses, or can be acted upon 
by force. It is characterised by weight, inertia, and 
elasticity. Force is that which produces, or tends to pro- 
duce, the motion of matter. It may be pressure, tension, 
attraction, repulsion, or any thing capable of causing alter- 
ation in the natural state of rest or of existing motion of 
matter. 

Matter consists of sixty-four known elements which have 
not yet been decomposed by any known means. There 
may be other elements that have not yet been discovered 
by chemists, but they must exist in some known compound. 

atter is found in either the solid, liquid, gaseous, or ultra- 
gaseous state, and it occupies space. It consists of mole- 
cules and atoms. The atom is the smallest indivisible part 
of an element, and a group of atoms of the same or of dif- 
ferent elements forms the molecule, which has a definite 
magnitude and is unalterable in form for each substance. 
The mass of a substance is the aggregate of the molecules 
of which itis composed. There is no generation or destruc- 
tion of atoms. The indestructibility of matter is a fixed 
law in nature. The size of the molecule is approximately 
known. Sir William Thomson says: “‘If we conceive a 
sphere of water as large as a pea to be magnified to the 
size of the earth, each molecule being magnified to the 
same extent, the magnified structure would be more coarser- 
grained than a heap of small lead shot, but less coarse- 
grained than a heap of cricket balls.’ Fifty million mole- 
cules ranged in single file would occupy an inch. They are 
highly elastic, and unless interfered with would move with 
constant velocity in straight lines. When they can move 
about freely without interfering with each other’s proceed- 
ings, we have the ultra-gaseous state of Crookes, a state 
found only in very high vacua and under certain adven- 
titious circumstances. When they collide and impinge on 
each other according to the law of the impact of elastic 
bodies, interfering with each other’s path, we have gases as 
we know them ; when their mean free path is so reduced 
as to bring them within the sphere of mutual attraction, 
without too narrowly restricting their play, we have 
liquids ; when the attraction becomes cohesion and the 

tion of the molecule is confined to its own sphere, we 
have solids. The number of molecules in a given volume 
of gas is known, and their velocity calculated. In hydrogen 
the velocity at 0 deg. Cent. is 6097 ft. per second, the 
number being 10*° per cubic inch. The mean free path of 
a molecule in air at ordinary pressures is the ten-thousandth 
part of a millimetre. Besides their constant motion in 
straight lines the molecules may be set in vibration, rota- 
tion, or any other kind of relative motion whatever. 

This is the atomic theory of matter born in the brain of 
Democritus ‘‘ the laughing philosopher’ 2300 years ago ; 

reached by Epicurus in Athens, and taught by Lucretius 
in Rome before the Christian era; lying dormant for 
eighteen centuries, until it was formulated by Dalton in the 
last century, and removed from the region of pure specu- 
lation ty Tonle, Clausius, Clerk-Maxwell, and Crookes 
during our days. 

The definition of force shows us that whatever changes 
or tends to change the motion of matter (or of the mole- 
cules of which it is composed), by altering either its direc- 
tion or its magnitude, is aform of force. Thus gravity is 
a form of force, for it attracts all matter to the centre of 
the earth, and it is measured by the rate per second at 
which a body acquires a velocity in this direction when 
falling freely at a given spot. Heat is a form of force, for 
it throws the molecules of matter into violent vibration, or 
it increases the velocity of their motion in straight lines, 
which thus becomes the measure of its heat or its tempera- 
ture. Light is a form of force, for it is produced by the 
undulation of the molecules of matter, and it is transmitted 
by the undulations of that medium called ether, which fills 

space. 

No man has seen or can see a molecule, nor have we any 
objective idea of what force really is. When we attempt to 
reach beyond these definitions, we tread upon the threshold 
of the holy of holies, on whose confines only are we per- 
mitted to dwell, and into which we are not yet allowed to 
enter. ‘‘ Hitherto shalt thou come but no further, and 
here shall thy proud waves be stayed.’’ Let us, therefore, 
be content with precise definitions and clear mental con- 
ceptions, speculative though they be, of matter inert and of 
matter in motion. The ultima thule of the scientific man 
is theory, and at any time his most cherished notions 


ma; 
. *€ Melted into air, into thin air.’’ 
The scientific man, while rather too fond of decrying the 
exercise of faith in others, is himself the humblest slave of 
the imagination. A physical theory may be complete. The 
various facts and laws which it embraces may be related 
mathematically with one another, yet one single incom- 
patible phenomenon may dissolve it, 
** And, like this insubstantial pageant faded, 
Leave not a rack behind. 

Hence, while apparently dogmatic in my description of 
the present theory of matter and force, I wish it distinctly 
to be understood that it rests, and must continue to rest, 
on the imaginative power of the mind. 





_ Nevertheless, subjective speculation may become objec- 
tive reality. Who is there that doubts the existence of the 
ether filling all space, transmitting those exquisite and 
delicate vibrations which impart to us the sensation of light 
and heat from stars and nebulz countless millions of miles 
away? And with regard to the atomic structure of matter, 
though but a speculation as yet, it is so complete, so apt, 
and so thorough, that for my part I have not the slightest 
doubt of its reality, and therefore I submit it with apparent 


_ 

en we take a given free mass and impress upon it 
a given force, we throw that mass into motion; for in- 
stance, when we fire a loaded cannon, we have imparted to 
the ball ‘‘ energy’’ and in virtue of the motion of the ball, 
this energy is called ‘‘ kinetic’’ Again, if we lift the ball 
to a certain height above the earth’s surface—say to the 
top of a tower—and let it remain there, we have again im- 
parted to it ‘‘ energy,’’ but this time it is called ‘‘ potential,’’ 
for it is dormant or resting. In each case the energ 
possessed by the ball is the exact equivalent of the ak 
done upon it, that is, of the force impressed and the dis- 
tance through which it has acted. The motion of the ball 
is readily transferred tothe motion of the individual mole- 
cules of the ball. When, in the first case adduced the ball 
strikes the side of a ship or a target, its kinetic energy is 
thus converted into light and heat, which is molecular 
motion ; or, in the second case, when it is allowed to fall, 
its potential energy is converted into kinetic energy, which 
again, on coming in contact with the ground, is converted 
into molecular motion or heat. Energy is always either 
potential or kinetic, and one of the most remarkable 
generalisations of modern days is the grand principle of the 
conservation of energy, which implies that the total energy 
of the universe is a quantity which can neither be increased 
nor diminished, though it may be transformed into any of 
the forms of which energy is susceptible. Energy is there- 
fore as indestructible as matter. the recent advances 
in the science of heat have been due to the discovery of this 
principle, and its application to electricity has gone far to 
remove that science from the hypothetical state to which it 
has existed so long. 

My purpose is to contend that electricity is not a form of 
matter but a form of force, and that all its effects are 
evident to us in one or other of the several forms of energy 
characterised by the motions of molecules or of mass. 

It is interesting to trace the historical growth of theories. 
The uncultivated human intellect cannot soar above its own 
limited sphere of childish observation. Whatever is 
mysterious and incomprehensible in nature is attributed to 
that which is equally mysterions and incomprehensible. 
Life has ever beenof this character, and heat, magnetism, 
electricity, and many other unaccountable physical pheno- 
mena, have each in their turn been supposed to be cases of 
life. Even now there are those who would attribute ex~ 
ceptional and peculiar phenomena to spiritual agencies. 

eat was thought by the Greeks to be an animal that 
bit. It was then for many centuries thought to be a fluid 
which, entering into ies, like mercury, made them swell, 
and this idea existed until this generation, when Rumford 
showed it to be a kind of motion, and Joule made it a quan- 
titative form of energy. 

Thales, of Miletus, thought that the magnet was endowed 
with a sort of immaterial spirit, and to possess a species of 
animation. The Greeks knew also that rubbed amber 
attracted bits of straw, and supposed it to be endowed with 
life. Even Boyle, as late as 1675, imagined it to emit a 
sort of a yr effluviam which laid hold of small bodies 
and pulled them towards the excited body. Du Fay in 
1733 conceived the double fluid theory, and Franklin in 
1747 invented the single fluid theory. Cavendish in 1771 
supplied some of the deficiencies of Franklin’s theory, but 
it was Faraday who first exploded the fluid notion and 
originated the molecular theory of electricity, while Grove 
boldly classed electricity with light and heat as correlated 
forces and mere modes of motion. 

Light was thought by the Platonists to be the consequence 
of something emitted from the eye meeting with certain 
emanations from the surface of things, but no theory of 
light properly so called was attempted until Newton pro- 
duced his celebrated corpuscular theory in 1670, which bas 
lasted until the present day. Even as late as 1816 Faraday 
himself said, ** The conclusion that it now generally 
received appears to be, that light consists of minute atoms 
of matter of an octahedral form, possessing polarity, and 
varying in size or in velocity.”* Although Huyghens in 
Newton’s own time conceived the undulatory theory, the 
superior authority of the great English philosopher 
overshadowed the lesser light, and it was not until Young 
and Fresnel at the commencement of this century took 
the matter up, that the present theory of light took firm 
root. 

Thus we see that all these sciences have passed through 
the same stages of mystery and fancy, and it is only within 
the present generation that they have emerged from the 
mythical to the natural, from mere hypothesis to true 
theory. Hypothesis is an imaginary explanation of the 
cause of certain phenomena which remains to be shown 
probable or to be proved true. Theory is this supposition 
when it has been shown to be highly probable and all known 
facts are in agreement with its truth. 


(To be continued.) 








Tur GRAND TRUNK AT MontTREAL.—Over 1000 men 
are actively employed in the Grand Trunk workshops at 
Montreal, many being engaged extra time to meet the 
pressure. At no former period have so many skilled me- 
chanics beenemployed by the Grand Trunk Company. The 
highest number in former ycars was 800. The workshops. 
are being lighted by electricity. 








* “Tiife,” vol. i., page 216. 
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DENNERT’S WATER METER. 

















Messrs. DeNNERT AND Paps, instrument makers, at 
Altona, near Hamburg, have manufactured and had in 
use at their werks for more than three years, a water 
meter designed by Mr. Dennert, of which we annex 
engravings, This meter belongs to the class in which 
the water passing through is measured by its displace- 
ment of a piston working in a cylinder, and as will be 
seen from our illustration, the valve arrangements em- 
ployed are of a very simple kind. The apparatus 
consists of a cylindrical vessel, having a piston moving 
in it as shown in Fig.3. A crosshead fixed to the piston 
rod gives motion to a weight W which rolls on an incliued 
bar 4 connected to the cock, details of which are shown 
in Figs. 4 to 7. It will be at once seen from Fig. 1, that 
when the piston reaches the end of the stroke, the frame 
carrying the roller W pushes back the spring X, the end 
of the bar 6 on which the roller is resting then drops, 
and the cock is reversed instantaneously ; thus at each 
stroke a quantity of water equal to the volume swept 
through by the piston is discharged, and an accurate 
measurement of quantity is thus obtained. 

The piston is packed with leather, the plug of the cock 
working in a lignum vite bush and being quite cylindrical. 
In the meter now working at Altona during the term of 
three years both piston and cock have proved perfectly 
tight. The cock being arranged below the cylinder, any im- 
purities entering the cylinder with the water are washed 
out again, while should the action of the cock be stopped 
by any accident, no water can pass the meter. 

One of these meters has been kept at work side by side 
with a Siemens meter at the Altona Water Works. As 
we have already mentioned, one of these meters has been 
at work at the makers’ place for upwards of three years 
under a pressure of 130 Ib., and the packing had only to 
be removed once during this time, but the apparatus was 
also found to work satisfactorily under as low a pressure 
as 14 1b. or 3 ft. head of water, a pressure at which we 
believe few meters will work. 

The makers intend to uso the same apparatus as a 
motor for small power, and recommend it for this purpose 
on account of its simplicity and consequent small cost. 
Where high pressure water is available at a reasonable 
price and small powers are only occasionally required, 
this apparatus may prove an efficient and suitable substi- 
tute for other small motors, it requires no preparation 
whatever, is noiseless, and measures accurately its own 
consumption, according to which payment will be made 
to the water companies, 














FOREIGN AND COLONIAL NOTES. 





Taranaki Jronsand.—Mr. Vivian cast at his foundry, 
New Plymouth, recently, a number of articles from metal 
obtained from Taranaki ironsand. The first pouring com- 
menced at 10 minutes to 11, and was completed in four 
minutes, when two bogie engine wheels were cast. In the 
second pouring a bell and door-weights &c., were cast. In 
the third pouring, two ornamental plates, a set of moulders’ 
tools, Snider breechlocks, rifle-locks, plate, and hammer. In 
the fourth pouring, three smoothing irons, a magnet for the 
New Zealand Telegraph Department, and one or two smaller 
articles. The whole casting was performed in little over 
half an hour, and the metal ran out freely from the furnace. 
The articles were turned ont of the moulds on October 27, 
and were satisfactory. Some magnets made to the order 





Lonpon ASSOCIATION OF FoREMEN ENGINEERS AND 
DrauGursMeN.—At the ordinary monthly meeting, held 
on Saturday last at the Cannon-street Hotel, Mr. Arthur 
Thomas Walmisley read a paper, illustrated with numerous 
diagrams, on ‘‘ The Bridges of the Thames, Old, New, and 
Projected.’ The author treated bis subject historically as | 
well as descriptively, and a highly instructive discussion | 
followed the reading. A unanimous and cordial vote of 
thanks was subsequently awarded to Mr. Walmisley. In 
the early part of the evening Mr. Thomas Floyd, F.G.S., 
was elected an honorary member. Mr. Newton, President, 
eceupied the chair. 

TRIAL Trip OF THE s. 8. “ BAnprBon.’’—The above 
steamer was built by Messrs. Edwards and Symes, of 
Cubitt Town, London, E., and was successfully launched 
from their shipbuilding yard on the 17th of January last, 
and was ready for trial trip on the 30th, that is a few days 
within ten weeks of the receipt of the order. This steamer 
is 105 ft. long, 16 ft. beam, and 8 ft. deep, is built to the 
order of the well-known Marseilles house, Messrs. Gounelle 
et Fils, for opening up the River Gambia on the West Coast 
of Africa, 20) miles from its mouth, is classed 80 Al at 
London Lloyd's, fitted with compound surface condensing | 
engines of 30 nominal horse power, fore and aft schooner 
rigged, and will carry 60 tons dead weight un a draught of 
water not exceeding 5 ft. Gin. Owing to the dense fogs 
which lately have prevailed, the trial did not take place 
until the ath inst, when, with the load as above, a speed of 
over 9 knots at the measured mile in Long Reach was 
obtained, the machinery working most satisfactorily at 
150 revolutions per minute, and the boiler maintaining a| 


ressure of 65 lb. to 70 lb. per square inch. Messrs. 
tdwards and Symes have now constructed steamers for 
nearly all the principal rivers in Africa, also some for the 
South American rivers ; last year they built the Yola twin- 
screw light-draught steamer for the River Niger, and 
another for the Nile, and from the reports sent home to 
owners are giving great satisfaction. 








of Dr. Lemon were perfect. He ordered these magnets, 
believing the Taranaki ironsand was of closer grain than 
the ordinary metal, and would consequently be more 
= The ornamental castings were all accurately 
made. 


French Telegraphy.—M. Cochery, French Minister of 
Posts and Telegraphs, has asked the Chamber of Deputies 
to vote 320,0001., for subterranean wires between the 
principal French telegraphic centres, to prevent a recur- 
rence of such a suspension of communication as happened 
a few days since. 


Melbourne International Exhibition.—Contracts for the 
erection of additional buildings have been let at a cost of 
42,5831. Nearly 13 acres of ground will be covered by the 
Melbourne Exhibition. The permanent edifice, now nearly 
finisbed, will be 500 ft. long, and the transept about 280 ft. 
in depth from door to door. Two brick annexes will be 
built, one to face Nicholson-street, and another to face 
Drummond-street. They are each 460 ft. long and 137 ft. 
wide, and on the plan each is marked as ‘‘ machinery hall.”’ 
These buildings form the three sides of a quadrangle nearly 
500 ft. square, and it is in the central space, 250,000 square 
feet in extent, that the major portion of the exhibits will 
be shown. It is at present thought that the permanent 
building should be reserved for pictures (in the galleries), 
the finer sorts of goods (under the galleries), and ceremonies 
to be held under the dome and in the nave. Machine 
and agricultural implements will be shown in the bric 
annexes, and the great square will be divided amongst the 
different countries and colonies which intend to secure a 
representation at the Exhibition. 


Steel Rails on the Union Pacific Railroad.—More steel 
rails were laid on the Union Pacific Railroad last year 
than in any previous year ; 20,000 tons more steel rails 
have been purchased or contracted for and will be laid this 
year. The road will than have about 739 miles of single 
track steel rails, or about three-fourths of its length. e 
eastern half is at present mainly iron. 

















ENGINES OF THE YACHT “WANDERER.” 

In a recent number when describing the engines con- 
structed on Mr. Perkins’ system for Mr. Lambert’s steam 
yacht “ Wanderer” (vide page 469 of our last volume), 
we promised to publish examples of the indicator 
diagrams taken from these engines. We now subjoin 
engravings of a set of these diagrams taken at a time 


S- Y- Wanderer. &* September 1873. 
350 lbs: Steam, 12 lbs: Chamber. 

2S inches Vaauun,77 Revolutions 
High 


Pressure Cylinder. 
SOC es - 1 irch. 





122 9 lbs average 
162 721.H.P. 









Extreme Gnsumption of Coal $90 ths. perhour 
Total .H.P+377-51-1° 29 lbs: per! H.P perhour 







Medium Pressure Glinder. 
Scale6 Flbs:~ 1 inch. 


74-I9¢1.HP. 


ee 14-15 lbs average 








LowPressure Glindar. 
6 625 Mean 


139-85 1. HP. 
Bottom Top 








Scale20ths.-huich.. 











when the engines were indicating 377.5. horse power, 
this being considerably below their maximum power. 
The coal consumption at the time when these diagrams 
were taken, was, we are informed, at the rate of 490 lb. 
per hour, this giving a consumption of 1.29 Ib. per horse 
power per hour. We are, however, not in a position to 
say how far the conditions under which the observations 
of fuel consumption were made, were such as to insure 
trustworthy results. 

It will be remembered that when describing the engines 
of the Wanderer, we gave thé areas of steam-way through 
the high-pressure admission valve as ;3, of the area of 
the high-pressure piston, and that of the high-pressure 
exhaust or middle admission valve as also 3, of its 
corresponding piston. With regard to these statements, 
the Perkins Engine Company informed as that the lifts 
of these valves were greater than we had assumed, and 
that in consequence the high-pressure valve gave an 
opening of 4,, and the middle valve one of ,'; the area 
of the corresponding pistons, and a correction to this 
effect appeared on page 498 of our last volume. An 
examination of the indicator diagrams we now publish 
has, however, led us to examine further into this matter, 
and we find that although with the lifts of valves given 
by the Perkins Engine Company, the discharge areas 
around the lips of the valves are as stated by them, yet 
that owing to the arrangement of guide feathers, &c., the 
clear steam-way through the valves is vastly below the 
discharge area at the lips, and in fact is only about what 
we originally stated it to be. The great throttling 
shown by the indicator diagrams is thus accounted for. 
It will be seen that with a pressure of 350 lb. in the 
boiler, the initial pressure in the high-pressure cylinder 
was under 200 Ib., while there was a loss of about 15 Ib. 
per square inch between the terminal pressure in the high- 
pressure and the initial pressure in the middle cylinder, 
a difference which becomes about 9 1b. at the middle of 
the stroke. The defect here pointed out is of course one 
of detail which could be readily remedied, and it has 
nothing to do with the merits or demerits of the system 
which Mr. Perkins has so persistently advocated and 
to the introduction of which he has devoted so much 








skill and energy. 
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BOYLE’S SOIL PIPE VENTILATOR. 
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Messrs. Ropert Borie anv Sons, of Glasgow and 
London, the well-known ventilating and sanitary engi- 
neers, have by a combination of their “ air pump” venti- 
lator and a down-cast ventilator, also patented by them, 
produced the arrangement for the ventilation of soil pipes 
which we illustrate in the accompanying engraving, 
Fig. 1, and which appears to us well worthy of attention. 
As shownin our illustration the arrangement consists of 
an “air pump” or extracting ventilator A connected with 
the up-cast ventilating pipe 2, while the down-cast venti- 
lator B forming the lower portion communicates with the 
soil pipe 8. From the arrangement of the plates or 
division 4 the down-cast ventilator presents an open 
mouth (on the principle of the wind sail) to the wind 
from whatever quarter it may blow, the air being thus 
forced down the soil pipe, and up the ventilating pipe as 
indicated by the arrows. By this combination of up- 
cast and down-cast ventilators a thorough circulation of 
air through the soil pipe is insured, the fact of the inlet 
or down-cast ventilator being placed at a high elevation 
greatly assisting in securing its exposure to the currents 
of air on which its action depends. 

Both pipes 2 and 3 may be placed inside the house or 
outside, as preferred, or the soil pipe may be fixed inside 
to protect it from frost in the winter time. There would 
not be the slightest danger, however, in having it in the 
house with the double-action ventilator applied. In 
our illustration it is shown by Messrs. Boyle placed out- 
ride, so that the up-cast pipe may have the benefit of 
the heat in the house which tends to rarefy the column 
of air in the upcast pipe. These conditions alone 


assist greatly to maintain a continuous through current | 


independent of the force of the wind. At 5, 5,5 are 
-in. pipes to ventilate the discharge pipes connected 
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with the water-closets, and prevent the traps béing 
unsyphoned by the passage of matter down the soil pipe, 
while 6 is the drain trap, and 7 a 2-in. ventilating 
pipe connecting the drain with up-cast pipe where no 
provision is made for ventilating the drains separately. 
Altogether this arrangement of Messrs. Boyle and Sons 
is a very promising one. Mr. R. P. Beattie, plumber 
and sanitary engineer, Edinburgh and London, has used 
these double pipes very extensively, and we understand 
they have been found to answer exceedingly well. He 
uses the ‘‘air pump” ventilator for creating an upward 
current, but the double-action ventilator will now, of 
course, answer his purpose much better. 

Fig. 1 of our engraving also shows how Messrs. Boyle 
and Sons ventilate the water-closet by means of one of 
| their ‘‘ air-pump” ventilators placed on the roof with a 

main pipe led down the wall and connected by means 

of a branch pipe with the centre of the ceiling; the fresh 
| air being admitted through a vertical tube placed against 
| the wall close to the door so that the current of air will 
| always have a direction from the door to the ventilator, 
which, from obvious reasons, is the proper direction. The 
vertical tube is connected underneath the floor with 
an opening through the wall communicating with the ex- 
ternal air. 

Fig. 2 of our engraving shows a system of soil pipe 
ventilation which is at present extensively used by 
sanitary engineers. It consists of a Boyle’s “ air-pump” 
ventilator 10in. in diameter for creating an up draught 
and preventing down draught fixed at the top of the soil 
pipe as shown, this pipe being prolonged upwards. In 
this case the fresh air inlet is at 3, there being no sepa- 
| rate down-cast pipe asin the arrangement previously 
| described. The drain trap is at 2, while 4,4 are small 

















Fira. 3. 


pipes ventilating the water-closet traps. One special 
feature in the arrangements we have been describing 
is that the “air-pump” ventilators used have no moy- 
ing parts and hence there is nothing about them to 
get out of order or make a noise. The horizontal 
section, Fig. 3, of one of these ventilators will servo to 
explain their mode of action. From this view it will be 
seen that the ventilator consists of an outer shell a having 
four openings in it. The wind blowing into one of these 
openings strikes against a curved plate ¢ and is deflected 
right and left between the plates c and } on to the plate 
d, The lateral currents thus produced give rise to in- 
duced currents flowing from the spaces e, thus causing 
the air to be drawn up the shaft to which the ventilator 
is connected. The escaping currents of air pass off through 
the openings on the lee side of the outer casing. 





IRON AND STEEL AT LOW 
TEMPERATURES. 

Ar the meeting on Tuesday, the 10th of Feb , of 
the Institution of Civil Engineers, Mr. W. H. Barlow, 
F.R.S., President, in the chair, a paper was read on “ Iron 
and Steel at Low Temperatures,” by Mr. John James 
Webster, Assoc. M. Inst. C.E. 

The first part of the paper treated of the generally re- 
ceived opinion as to the condition of iron and steel at low 
temperatures, reference being made to the evidenve given 
before the — Commission appointed to inquire into the 
application of iron to railway structures, and to papers 
read before the British Association and elsewhere. An 
account followed of the results of enna by the late 
Sir W. Fairbairn ; after which, the elaborate series by M. 
Knut Styffe were mentioned, and the conclusions he ar- 
rived at were stated in ewtenso. From the results of these 
tests as to tensile strains, it appeared that the absolute 
strength of iron or steel was not influenced by severe cold, 
but that the ductility of these materials was increased. 
Mr. C. P. Sandberg bad submitted rails of iron and of steel 
to a force of impact, and his deductions were quoted. 

The author then gave an account of the experiments he 
had made on bars of wrought iron, cast iron, malleable 
cast iron, Bessemer steel, and best cast tool steel, with a 
description of the apparatus used, and of the method of 
conducting the experiments. The bars were tested with 
tensile and transverse strains, and also by impact; one- 
half of them at a temperature of 50 deg. Fahr. and the 
other half at 5 deg. Fahr. The lower temperature was ob- 
tained by placing the bars in a freezing mixture, care 
being taken to keep the bars covered with it during the 
whole time of the experiments. The results were given in 
a tables, and the averages of all in a ninth table. 
Three sheets of diagrams accompanied the paper ; the first 
sheet illustrated the testing apparatus; the second and 
third sheets showed the extensions of the bars at the diffe- 
rent portions of their length, the appearance of the fracture, 
and the percentage of elongation and of reduction of area, 
The results of the experiments were summarised as 
follows : 

1. When bars of wrought iron or steel were submitted 
to a tensile strain and broken, their strength was not 
affected by severe cold (5 deg. Fahr.), but their ductility 
— about 1 per cent. in iron and 3 per cent. in 
steel. 

2. When bars of cast iron were submitted to a trans- 
verse strain at a low temperature, their strength was 
diminished about 3 per cent. and their flexibility about 16 
per cent. 

3. When bars of wrought iron, malleable cast iron, steel, 
and ordinary cast iron, were subjected to impact at a 
temperature of 5 deg. Fahr., the force required to break 
them, and the extent of their flexibility, were reduced as 
follows, viz. : 


Reduction of Reduction 

Force of oO 

Impact. Flexibility. 

per cent. per cent. 
Wronght iron, about ove 3 18 
Steel (best cast tool), about 34 17 
Malleable cast iron ~ 44 15 
Cast iron - 21 not taken 


with some remarks on the conclusions arrived at, 
and with a statement of the opinions formed by different 
authorities. 

A case of samples of the fractured ends of the bars used 
in the experiments was exhibited. 


The paper closed with a review of the experiments de- 
scribed, 








A Torprepo Boat ror Pervu.—It is stated that a new 
torpedo boat built at Bristol, Rhode Island, by the Herre- 





schoff Manufacturing Company, is for the Peruvian navy. 
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THE FORM OF RIVEITED JOINTS. 
First Report of the Committee of the Institution of Me- 
chanical Engineers. 
(Continued from page 111.) : 

Iw a paper communicated to the Iron and Steel Institute, 
1879, Mr. Barnaby has given a series of experiments 
specially intended to determine the influence of punching on 
iron and steel. He has found that iron suffers more in 
punching when the holes are near the edge than when further 
removed ; but in mild steel the material suffers less when the 
hole is one diameter from the edge than when so distant that 
there is no bulging of the edge. Specimens were pre- 
pared with two holes punched in each, and these were 
haped in the slotting hine so that the distance of the 
hole from the edge should always be one rivet diameter, 
and the pitch ye the holes that usual in ship 
In some cases the bar was sha to the re- 
quired width before punching. In others the holes were 
punched and the plate sha afterwards. In the latter 
case the bulging of the edge of the re fang | punch- 
ing was prevented by the distance of the hole from the 


side of the plate. 
Tons per Sypare Inch. 
Punched 'unched 
before Shaping. after Shaping 
Open-hearth steel... 27.6 23.7 24.5 


Converter steel 27.5 21.7 24.8 
Best best iron 215 19.6 477 , 
The following experiments were on plates above }in. thick, 

butt jointed and treble rivetted : 
Apparent Tenacity. Tons per Sq. In. 


a 





rivetting. 


Apparent Tenacity. 
Unpunched 
te. 


Annealed. Not annealed. 

Counter-sunk points: 

Open-hearth steel 30.6 29.84 

Converter steel... 30,2 21.80 

Best best iron ... ooo 19,90 
Snap poivtse: 

Open-hearth steel oa 28.6 21.20 

Converter steel ,,, ad 2.69 16.25 

Best best iron .., 18.30 


The countersinking was not carried through the plate, so 
that a part of the metal strained in punching was left. 
Comparing the tenacities with those of solid unpunched 
plates in the previous Table, a gain of strength for the 
rivetted joints is in some cases observed. This Mr. 
Barnaby ascribes to the friction of the rivetted joint. 

To get rid completely of the injury done in punching, 
Mr. Barnaby proposes in future to punch the holes be 
less in diameter than the rivet, and to enlarge the hole 
when countersinking. Snap rivetting is only employed by 
him for subordinate parts. 


It may be presumed that the low apparent tenacity with | P 


unannealed plates and snap points is due to the amount of 
injured metal being greater than with countersunk points. 
Bat it is not obvious why the tenacity with annealed plates 
is less for snap than for countersunk points. 

An exceedingly complete and extensive series of experi- 
ments on rivetting is described in a paper by Mr. David 
Greig and Mr. Max Eyth, read before the Institution of 
Mechanical Engineers while this report was in preparation. 
The first experiments related to Taylor’s Yorkshire rivet 
iron, and to Brown and Co.’s mild rivet steel. The tensile 
strength of the iron was 22.2 tons per square inch, and of 
the steel 28.8 tons per square inch. The shearing resist- 
ance of the iron was 19 tons, and that of the steel 22.1 tons. 
Some plates rivetted together were then tested, and a 
somewhat higher shearing resistance was found than for 
bars not formed into rivets. This is ascribed partly to the 
rivet being increased in diameter to fill a hole larger than 
its normal size, partly to the friction of the plates. Ex- 
periments on the effect of the rivetting pressure on the 
strength of the rivet seemed to show some increase of re- 
sistance as the pressure is greater. This may be due to 
friction, but the matter requires further investigation. 
The hardening of the rivet is a possible cause of increased 
resistance of rivets as compared with simple bars, as well 
as the friction of the plates. 

Experiments were made on rivetted joints, the plates 
being # in. thick, the rivets § in. in diameter, and the holes 
drilled #4 in. diameter. Solid plates broke with a mean 
resistance as follows : 

Tons per Sq. In, 
Cammell's iron oh 22.29 





Brown's iron ,., 22.26 

Mean... 22.27 
Cammell's steel ° 25.49 
Brown's steel ,.. on 26.18 





Mean... ose ove oe 25.83 
Experiments on lap joints with puached and drilled holes 
showed that with drilled iron plates the apparent tenacity 
of the plates was only 84.1 per cent. of that of undrilled 
plates, while the apparent shearing resistance of the rivets 
was 103 per cent. of the resistance of the rivet iron. The 
og oy iron plates gave way with an ge tenacity 
5.5 per cent. of that of the unpunched plate. The steel 
joints all gave way by shearing the rivets, the shearing 
resistance for drilled holes being 108 per cent. of the 
shearing resistance of the steel bar as given above, and 
that for punched holes being 115 per cent. This confirms 
Fairbairn’s experiments as to the greater : trength of rivets 
in punched holes. 
‘Twelve lap joints rivetted in different ways gave the 
following results : 
Ratio of Ratio of 
Strength of Apparent Tena- 
Joint to that city to Tenacity 


of Solid Plate. of Plate. 
Hand rivetted, iron joints oe 465 825 
Hydraulic rivetted, iron joints 539 -896 
Steam rivetied, iron joints... 509 846 


All the steel joints gave way by shearing the rivets, the 
seam being 49, 58, and 54 per cent. of the stren of 
solid plate, with hand, steam, and hydraulic rivetting. 
The apparent shearing resistance was 95, 112, and 107 per 


Specimens of iron lap joints with jin. instead of in. 
rivets, gave a somewhat greater resistance, the joint having 
57.6 per cent. of the strength of solid plate. = 

Double-rivetted lap joints were then tested. Iron joints, 
which broke by tearing the plate or shearing the rivets, had 
65 per cent. of the strength of solid plate. Steel specimens 
broke by shearing the rivets, the strength of the joint being 
70 per cent. of that of the solid plate. : 

Single-rivetted butt joints of iron gave way at a strain 
equal to 47 per cent. of that which would have broken solid 
plate. The strength is about the same as that of single- 
rivetted lap joints, as might be expected. The steel joints 
had 56 per cent. of the strength of solid plate and gave way 
by shearing as before. Double-rivetted butt joints also 

ave nearly the same results as double-rivetted lap joints. 
att joints with double covers gave a somewhat higher re- 
sistance, which is attributed to the less bending of the 
lates and to the greater friction between them. It is, 
ose, very difficult to see that the friction can affect the 
tenacity of joints which give way as these did by tearing 
the plates. The strength of these seams was from 60 to 
68 per cent. of that of solid plate. 

Experiments are then given on the strength of stayed 
surfaces and of rivetted boilers tested by hydraulic pres- 
sure. In these latter the seams began to leak at a com- 
paratively moderate pressure, and the pumping power was 
inadequate to raise the pressure to anything like the 
bursting pressure of the boiler. In steam boiler explosions 
the action is too sudden for sucha relief of pressure by 
leakage to occur. 


(II.) SrrarninG AcTION ON RIVETTED JOINTS. 

A rivetted joint is in a certain sense an imperfect part 
of a structure. It cannot be so designed as to be through- 
out uniformly strained. It has always certain surfaces 
markedly weaker than the rest, at which consequently 
deterioration of the material or fracture by the action of 
the load is liable to occur. These surfaces of weakness are 
so related that in general the increase of one involves a 
diminution of the other. 
carry the greatest load before fracture will be that in which 
the stress reaches the breaking limit for each of these 
surfaces simultaneously. Since the rivet section can in 
general be increased only at the expense of the plate 
section, in the strongest joint the rivet and plate will reach 
their breaking point under the same load. It would seem, 
therefore, that the proportions of a rivetted joint could be 
determined by the ordinary rules of applied mechanics 
without the need of experiment. That this is not so is 
robably mainly due to a second condition of imperfection 
in rivetted joints. To apply the ordinary rules for the 
strength of materials to rivetted joints, it is necessary that 
the distribution of the stresses on the surfaces of weakness 
should be known. If those stresses were as uniformly dis- 
tributed as in an ordinary bar tested for tension or shearing, 
the problem would be simple. But in fact the stresses are 
less uniformly distributed, and the law of their distribution 
is unknown. Consequently the average stress on the 
surface of fracture of a rivetted joint, when broken by a 
load, is less than it would be if the stress were uniform] 
distributed, and needs to be determined by special experi- 
ments. Further, it may be different for different forms of 
joint. This average stress, always less than the maximum 
stress which causes fracture, is here termed the apparent 
breaking stress. Hence the chief object of experiments on 
rivetted joints is to determine the apparent breaking 
stresses (1) for the different surfaces at which each joint 
may fracture, (2) for the different forms of joint. 
In certain cases allowance may have to be made for pro- 
gressive deterioration of a joint, by corrosion or otherwise, 
which reduces the strength in certain directions more than 
in others. No experiments showing the amount of deterio- 
ration in such cases appear to have been made. 
Tenacity of Material.—Let a bar be broken at the plane 
ab of area w (Fig. 1) bya tension T acting normally to the 
section. 
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Then if the stress is uniformly distributed over the 
section at the moment of fracture, the ratio r is the real 


a) 
tenacity of the material. But if it is not uniformly dis- 
tributed, then = is only the apparent tenacity ; and this 


may be less than the real tenacity to any extent whatever. 
It may be useful to consider under what conditions the dis- 
tribution of stress necessarily becomes unequal. 

(1). It will cease to be uniform if the resultant P of the 
load does not pass through the centre of figure of the 
section. Thus in the case shown in Fig. 2 the stress is a 
varying stress, which, however, varies ly so long as the 
limit of elasticity is not passed. Some of the discrepancies 
in the results of experiments on rivetted joints are probably 
due to want of care in insuring the coincidence of the line 
of action of the load with the centre line of the joint, in the 
—y parallel to the surface of the plates. Fig. 2 a shows 
ow unequal distribution of stress may arise from thi 
cause. Inthe plane at right angles to this there is probably 
always deviation of the load from the centre of im rey In 4 
joints the load has to be transmitted from one plate throug 


Ft g 2a. 
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The joint therefore which will | roun 


this | drilled holes is a little greater than the tenacit 


late. In both cases, and especially in the former case, 
se of the load appears to cause a reduction of 
8 . 

(2). The stress may be rendered unequal by the local 
action of contiguous material. Thus a bar with square 
corners (Fig. 3) is known to break with a low apparent 
tenacity. The unstrained material at a prevents the elon- 
gation of the contiguous material at 5, which consequently 

an excessive proportion of the load, and the fracture 

ins at the corners. 
_ Now in the portion of metal between two rivet holes a 
similar action probably occurs. The outside fibre a5 
(Fig. 4) has less freedom of elongation than the central 
fibre c d, because it is attached to the comparatively un- 
strained material behind the rivet. Hence, instead of 
breaking simultaneously over the whole section, fracture 
robably begins at the edges of the hole, and proceeds 
come the reduction of area causes increase of stress in 
the remaining unbroken. This is sometimes shown 
by the fact that the parts of the plate will not fit after 
ture. There ap to be a slight reduction of strength 
in plates with a hole drilled in them as compared with solid 
plates, and this is probably due to the cause now under 
consideration. It is also probable that this reduction of 
strength may really be greater than appears in these ex- 
periments. Short bars are known to give a higher average 
tenacity than long bars. Now a bar with a hole drilled in 
it is virtually a very short bar, and it ought, therefore, if 
there were no cause of diminution of strength, to show a 


higher tenacity than ordinary test bars. But in fact there 
is generally a loss of strength.* 
f). If the material in the neighbourhood of the surface 


of fracture is initially (before the application of the load) 
in an irregularly strained condition, or has in different parts 
unequal power of elongating, then the stress will not be 
uniform at the moment of fracture, and the apparent tena- 
city will be less than the realtenacity. This is the cause of 
the loss of strength due to punching. By the action of 
the punch, metal is caused to flow laterally into the sur- 
ding metal. This induces initial stresses in an annulus 
of metal round the hole, and very probably also, as M. 
Barba thinks, alters its power of elongation. If the power 
of elongating is diminished in part of the metal, that part 
gets an excessive proportion of the load, and breaks before 
the rest is fully strained. The result of either loss of 


tenacity or loss of ductility is to diminish the apparent 
tenacity of the metal to an extent which certainly reaches 
in some cases 20 to 30 per cent. 


Fug. &. 


Fig. 5 shows a possible 

















condition of the bar after punching, the ordinates of the 
dotted curves representing the stresses. Immediately 
round the hole is an annulus in which the stress is com- 
pressive, the compression being due to material forced in. 
To balance the forces in this ring, an annulus in which the 
stress is tension must surround it. 

In some experiments there appears to occur a serious 
diminution of the apparent tenacity in rivetted joints 
when the bearing surface of the rivets on the plates is too 
small, and when consequently the crushing pressure be- 
tween the rivet and plate is excessive. It is possible that 
this is due to an action like that which occurs in punching. 
oe aa of the rivet may cause a lateral flow of the 
metal, and alter either the stress or the elasticity of a ring 
of metal round it. The stress on the tearing section being 
then unequal, a low apparent tenacity is found. 


(III.) ExPgRIMENTS TO DETERMINE DIRECTLY THE 
BREAKING STREsS. 

Tenacity of Iron and Steel Plates.—The following are 

the principal values of the tenacity of iron and steel in the 

memoirs of which abstracts have been made : 


IRon. 
Tenacity,Tons per Square Inch, 
With Across 
Fibre. Fibre. 
Fairbairn ,,, eo oe 22.5 23.0 
Clarke ial | cis Lhe 24.0 
Roberts (Baidwin’s paper) 17.92 
Parker (best best) oe 23.3 
Stoney one ee > 18.54 
” oes 22.00 
” 21.43 
” 24,00 
Fletcher... ose 21.19 
Easton and Anderson .. 18.7 14.0 
« ” 21.5 20.5 
Barnaby ... — ove ese 21.5 
Greig and Eyth .., one ‘ 22.27 





* In some experiments there is a curious apparent in- 
crease of strength after ie Thus in one of Mr. 
Stoney’s experiments the drilled plate was 7} per cent. 
stronger than the undrilled plate. In some experiments 
by Mr. Parker the plain plate carried 26.4 tons, while a 
plate punched annealed carried 31.7 tons. See also 
the Table of treble-rivetted joints given further on. Mr. 
Adamson also finds that the tenacity through a - -< 
of the 
late before drilling. Discrepancies of this kind may be 
See to the holes causing fracture at a section stronger per 
square inch than other parts of the plate. Ano 








cent. of the shearing resistance of the rivet steel tested as 
a 


bar. 





the rivet to the other plate; in butt joints from one plate 
through the rivets to the cover strip and back to the other 





test bar breaks at the weakest part of a more or less con- 
siderable length of bar. 
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STEEL. 
Riley re | 31.25 Unannealed. 
“ 28.85 28.78 Annealed. 

) oe eee 28.34 
Boyd pam - oes 28.7 
Parker ° ons one 27.89 
Martell ove eco ose 28.93 
Barnaby, open hearth .., 27.6 

e converter 3 27.5 
Greig and Eyth 25533 


Where the direction of fracture is not stated, it is 
assumed that the load was applied in the direction of the 
fibres. The tenacity of iron is on the average 10 per cent. 
less in a plane perpendicular to the direction of ee than 
in a plane parallel to the direction of rolling ; with steel 
there is no sensible difference. 

Apparent Tenacity of Drilled and Punched Plates.— 
The apparent tenacity of punched and drilled plates must 
be obtained from experiments on single pen with one or 
more holes in the line of fracture. In experiments on 





rivetted joints there is a certain amount of bending and 
crushing action, and the diminution of tenacity is greater 


EXPERIMENTS ON TENACITY 


plate, vg is afterwards cut into strips suitable for ex- 
periment. 

Mr. Stoney has found in three iron plates with drilled 
holes, a diminution of from 2.6 to 9.2 per cent. of tenacity, 
and in one plate an increase of 7.5 per cent. Average loss 
2.05 per cent. 

Mr. Kirk gives some experiments showing that iron and 
steel plates with drilled holes are stronger than with 

unvhed holes ; but he does not give the tenacity of the un- 
Frilled te. With athinner steel plate, }in. thick, he 


appears to have obtained the following results : 
~ ae 04 
Unannealed, nealed. 
Undrilled plate...  .. ss 29,74 29.30 
Drilled plate... eee oe 29.50 28.45 
Drilled each side 29.50 


Mr. Boyd found in steel plates a loss of 2.15 per cent. 
due to ing. Mr. Martell found no appreciable loss. 
The remarkable results obtained by Mr. Adamson and 

commented on should be compared with the results 
here given. 


or PuncHep [Ron PLATEs. 











Loss of 
Thickness of Width Number of Diameter of Tenacity in per 
AUTHORITY. Plate. of Plate. Holes. Holes. Tenacity. | Cent. of Origi- 
nal Strength. 
in. in. in. 
0.625 2 pes 086 164 
a hak 0.375 2 3 : f 
aaa aie hia { 0.375 2 is 0.75 16.66 
0.375 3 i 0.75 15.4 15.6 
0.375 4 2 0.875 19.24 10.2 { Mean 
Stomey ae renee 0.875 8 5 0.875 22.22 7.4 (11.45 
0.875 8 5 0.875 21.97 12.6 
se i om a tos 20.15 
Sa is a i 18 1527* — 
116 = 1 1.18 15.95* j 
Kirk see ee ae 1.17 bes 1 1.22 16.81f } 8 
1.16 a 1 1.22 17.02 ‘a 
Marte dod 0.8 as ons pa ioe 
‘a 1:24 i 0.66 16.81 5 
= |. | Bele te 
re 2.62 1 ; : 
—-— : 3.35 1 0.66 14.72 17 
4.05 1 0.66 14.79 16 
psy “oe oO) 0.64 t00.75 2.8 to 3.3 3 1,00 19.0 11§ 
a. | 0.64 to 0.75 28 to 3.8 Z +5 as 17.7 17|) 
= os 0.74 0 | Llandl. ; 
Parker . se ows { 0.74 4.0 1 | 11 and 1.32 18.93 } 18.8 




















* Hole in die-block } in. larger in diameter than punch. 
t This is loss of punched as compared with drilled plate. 


+ Hole in die-block 4 in, larger in diameter than punch. 
§ Punched before shaping. Punched after shaping. 


EXPERIMENTs ON TENACITY OF PuNCHED STEEL PLATES. 


























Loss of 
Thicknes of Width of Number of Diameter of Tenacity in per 
AUTHORITY. Plate. Plate. Holes. Holes. Tenacity. Cont, ot orig 
in. in. in. 
0.625 2 1 0.875 14.5 
Barnaby... we ose { 0.375 2 1 0.75 18.54 
TE din ace eae) age 0.875 1 0.75 22 08. 23 
0.75 : 1 1.02 1L.18* } 33 
im es Se ee = = 
0.25 1 0.75 29.10 2 
ee a se i re 85 
le { ae et nia #3 21,15 31 
a 0.8 od Ae a ye 22 to 33 
— el 0.27 1.24 1 0.66 26.98 
2 | 8): | ee 
0. Y y 24. 
0.27 3.35 1 0.66 23.09 
<e | & : | Foe 
0.27 : 3. 
Barbe we este 0.97 1.24 1 0.66 31.95 
- | & : | 2] 
0.27 Y : 
0.97 3.35 1 0.66 23.27 
{ 0.27 4.05 1 0.66 23.57 
0.27 4.75 1 3.98 
by (open-hearth 0.6 to 0.7 2.9 to 3.3 2 0.875 to 1 23.7 13] 
Bune gguetenny 0.6 to 0.7 2'9 to 3.3 2 0.875 to 1 24.5 gq 
b: erter 0.54 to 0.72 2.9 to 3.3 2 0.875 to 1 21.7 214 
aeons ve 0.54 to 0.72 2.9 to 3.3 2 0.875 to 1 248 99 
0.687 4.0 I of lpand 13, 22.92 17.8 
0.7 4.26 1 Ll and 135 24.46 12.3 
0.7 4.26 1 1.0 and 1.35 21.04 24.5 
0.75 ove 2 1.09and 1.11 20.00 242 
0.75 a 2 1.08 and 1.24 18.69 28.7 
Parker** a re st ; 109 = 2 rr} } 30.0 
0.25 pc 2 0.69 and 0.74 29.48 81 
0.375 2 0.84 and 0.94 24.06 18.7 
0.468 a 2 0.97 and 1.11 21.38 26.2 
0.593 2 0.96 and 11 19.57 33.8 
0.75 ? 1} 19.80 33.0 

















* Hole in die-block J, in. larger than punch. 
Hole in die 0.76in.in diameter. _§ Conical punching 
| Punched before shaping. 
and hole in the die-block. 


than that due simply to punching or drilling. Two experi- 
menters, Mr. Cochrane and Mr. Riley, the former testing 
Lowmoor and ordinary iron, the latter Landore steel, have 
found that neither punching nor drilling had any sensible 
effect in altering the tenacity of the metal. In the latter 
case holes were punched or drilled in the edge of a strip. 
Probably in that case the compressive action is less than 
when a hole is made in a wide ag ms consequently the 
injury to the plate is less. In Mr. hrane’s experiments 
the strip was so narrow that it could expand laterally under 
the action of the punch. The right method in making such 
experiments woul seem to be to form the holes in a wide 


+ Hole in die-block } in. larger than punch. 
Hole in die 0.82 in. in diameter. 
** The two dimensions in fifth colamn for these experiments are diameters of 


t Cylindrical punching, 
| Punched after mame. 
pune 


Patting aside the experiments mentioned above, all other 
experiments show a considerable diminution of tenacity in 
both iron and steel plates due to punching. In Mr. 
Barnaby’s earlier experiments the loss is exceptionally 
large, and it is possible that the sides of the plate were 
sheared in his experiments as well as the holes punched. 

In M. Barba’s experiments the proportionate loss of 
tenacity increases as the ratio of width of plate to diameter 
of holeincreases. It may be presumed that this is due to 
the narrow strips yielding more in width than wide ones 
under the action of the punch. But this yielding could not 





occur with ordinary plates, and it is doubtful therefore if 


M. Barba’s experiments afford a satisfactory measure of the 
loss of strength in punching wide plates. Mr. Kirk pro- 
ceeded in a more art, manner, punching a wide 
ae then slotting it into strips suitable for experi- 
men’ 


_ These experiments cannot but be seen as extremely 
discordant both for iron and steel, and they do not afford 
any + nag guide in predicting the probable loss of 
tenacity due to punching in different cases. But they show 
that that loss —t on thelfollowing circumstances: (1) 
the material; (2) the diameter of the punch, or pro- 
bably the ratio of diameter of punch to thickness of 
cc | (3) the width} of, metal round the hole, or pro- 
bly the ratio of diameter of punch to pitch of rivetting ; 
(4) the ratio of diameter of punch to diameter of hols 
in die-block. If further experiments on this subject 
were made, it would seem most desirable to select ex- 
tremely uniform qualities of iron and steel, so that a few 
experiments only should be necessary to obtain average 
ues. Further, it would seem extremely desirable not to 
confine the experiments to strips with a single hole. Mr. 
Stoney’s experiments, in which some test bars had five 
cee og holes, rather seem to indicate that the propor- 
ionate loss is greatest in bars with only one hole. 
In anexperiment by Mr. Adamson the strength was in- 
creased by driving a pin into the hole, so as to prevent the 
metal round the hole from collapsing into an elliptical 
shape. As the holes in rivetted joints are in this condition, 
it would be desirable to repeat this experiment. 

In a single experiment by Mr. Sterne, it appeared that a 
spiral punch injured the material less than an ordinary 
punch to the extent of about 7 or 8 per cent. 

(To be continued.) 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Steel v. Iron.—A curious feature in the revival of trade 
is the increased demand for steel goods where iron was 
Se apenee J required. Inno branch of staple pry-ar | is 
his more noticeable than inthe heavy trades. At Sheffield 
the mills are unable to cope with the orders which are 
coming to hand for steel plates for shipbuilding purposes. 
These are in a great measure being issued by Government, 
and at the Atlas (Messrs. John Brown and Co.) and Uyclops 
(Messrs. C. Cammell and Co.) plates are being volled for 
H.M. ships Conqueror, Majestic, Colossus, Canada, and 
Cordelia. In the armour-plate department the composite 

lates of steel and iron have susperseded the old plates of 
best iron. The latter are now out of date. Rolls which 
for years have been employed in running plates up to 26 in. 
thick, are now rolling composite plates 9 in. to 12 in. 
thick. When composite plates were first introduced the 
ironworkers threatened to strike rather than make them. 
The depression of trade has however broken up the local 
unions of ironworkers, and the new plates are being made 
without trade hindrances. Thedemand for steel plates for 
all purposes is on the increase. 

Dearne Valley Water Scheme.—A meeting has been 
called of the promoters of the Dearne Valley water scheme. 
It was said that water would be obtained from Wath Main, 
Mitchell’s Main, and other sources, and it is expected that 
asum of 20,0001. will be expended before the scheme is 
completed. 


Trade Improvement.—As an instance of the improve- 
ment in ,» we may say that one firm in Sheffield, 
within the past fortnight, has received an order for 40,000 
dozens of files. The file trade has for four years past 
been amongst the most depressed of local industries. 


Injunction against the Leeds Corporation.—A writ has 
been served upon the Leeds Corporation giving notice of an 
application to prevent Roundhay Park being let by the 
Corporation for fétes or any ~——- being e for admis- 
sion. The application is made Mr. Francis Lupton and 
Mr. Henry Hudson, gentlemen who on a former occasion 
= — of a like injunction, but subsequently with- 

rew it. 











NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was not 
such a large attendance on ’Change at Middlesbrough, but 
owing to the higher prices prevailing in Glasgow, No. 3 
Cleveland was sold at 61s. perton. The amount of business 
transacted was not extensive, but it was felt in well-informed 
circles that trade was still improving, and pig makers were 
not anxious to book orders at the ruling rates. Inquiries 
from America continue to arrive, and have a considerable 
influence upon trade generally. Messrs. Connal and Co., 
the warrant storekeepers, now have a stock of 108,185 tons 
of Cleveland iron and 439,361 tons of G wiron. Their 
Cleveland stocks have increased during the week by 750 


The Finished Iron Trade.—Ali the available works are 
being restarted, and very soon the whole of the iron 
making plant in the North of England will again be in 
— Orders for plates at 91. 10s. and 91. 15s. being 
° , the capitalists are helping to recommence the 
works which have been so long idle. During the month of 
January the exports of manufactured iron from Middles- 
brough amounted to 14,627 tons, ,including 2300 tons to 
India, and smaller quantities to Africa, Australia, the 
— States, Holland, Spain, Norway, Sweden, and Den- 
mark. 


The Steel Trade.—In Cleveland the steel trade is taking 
a firmer root. Messrs. Boleckow, Vaughan, and Co., of 
Middlesbrough, are making very extensive additions to 
their Eston Steel Works, and the Grimm’s Iron Works at 





Middlesbrough are being converted into Steel Works. 
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COAL WASHING MACHINERY AT THE BESSEGES 
(For Description, see Page 121.) 
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NOTICES OF MEETINGS. 

INSTITUTION OF CrvIL ENGINEERS,—Tuesday, February 17th, 
at 8 p.m. Discussion upon “ Iron and Steel at Low Temperatures,” 
and, time permitting, the following paper will be read: “On the 
Use of Asphalte and Bitumen in eering,” by Mr. W. H. 
Delano, Assoc. Inst, C.E, 

THE METEOROLOGICAL SOCIETY.—Wednesday, the 18th inst., 
at 7 p.m., at the Institution of Civil Engineers, the following 

pers will be read: “On Tyas in China, 1877 and 1878,” by 

jieutenant Alfred Carpenter, R.N., F.M.S. ‘Note on the Reports 
of Wind Force and Velocity during the Tay Bridge Storm, 
December 28th, 1879,’ by Robert H. Scott, F.R.S., F.M.S. “On 
the Frost of December, 1879, over the British Isles," by William 
Marriott, F.M.S. “Thermometric Observations on board the 
Cunard B.M.S.S. ‘ Algeria,’” by Captain William Watson, F.M.S, 
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EMPLOYERS AND WORKMEN. 

Ir is somewhat remarkable that in the earliest 
stages of the present Parliamentary session, the in- 
terests of the working classes seem to hold great 
consideration. In regard to the position of opera- 
tives in factories, mines, railways, &c., notices have 
been given of the renewals of Bills by Earl De la 
Warr and others relating to compensation for in- 


juries, The Bills introduced last session on this 
subject we criticised in our volumes of the past year. 
But we were not prepared to find that Her Majesty’s 


Government were so much in earnest on the sub- 
ject as appears from the events of the week. On 
Monday last the Lord Chancellor laid on the table 
of the House of Lords a Bill “ in reference to in- 
juries suffered by one servant through the negligence 
of another.” Having stated that the question had 
been much discussed for several years past, he ex- 
plained the course which the Government proposed 
to follow. He explained also the law as it now 
stands, by which an employer of labour, if his ser- 





vant sustain injury in the course of his ep 
by reason of the personal negligence of the em- 
loyer, the latter is liable to pay him compensation, 
ut he is not liable if the injury is sustained in 
consequence of the negligence of another servant in 
the same employ. 

Lord Cairns then drew attention to the various 
remedies that had been proposed to meet the diffi- 
culty. The subject had been considered very care- 
fully by two tribunals, whose opinions were of great 
value. In 1877 there was a Royal Commission to 
inquire into railway accidents, and in the report it 
was recommended that in any action brought against 
arailway company for compensation for death or 
injury to servants, through the defendants’ negli- 
gence, the official whom this company entrust with a 
master’s authority should no longer be deemed a 
fellow-servant of the subordinate. The view was 
subject to various modifications, but the general in- 
tention of the report seemed to be that the company 
should be liable in every — where it delegated 
its authority as employers. the same year there 
was a Select Committee of the House of Commons 
which was appointed to consider whether the master 
should be held liable for the acts of certified 
managers, foremen, and others who had general 
control of the workshop, and whether the ‘‘ common 
employment” should be defined more clearly than it 
at present stands. The report of the Committee 
was to the effect that the abolition of the doctrine 
of ‘*common employment” would effect a serious 
disturbance in the industrial arrangements of capital, 
and that sooner or later the condition of master and 
servant would find readjustment in the regulation 
of wages, They stated that the development of 
modern industry had created a vast number of em- 
ployers in the form of corporations or public com- 
panies, to whom it was scarcely possible to bring 
home default; and there were other cases in which 
masters left the matter to managers, taking them- 
selves no active part in the conduct of the business, 
In such cases the Committee recommended that the 
default of the agent, who discharged the function of 
master, should be considered the act of the master, 
and so impose on him the liability.- 

After referring to the proposed legislation of the 
last session, the Lord Chancellor explained the 
course which the Government intended to adopt. 
It is that if any person in the service of any em- 

loyer, as any railway, manufactory, or works, shall 
a injured or killed by the negligence of a servant 
in authority in such employment, in the course of 
that employment, under circumstances which would 
give a right of action against that employer, such 
right of action shall exist notwithstanding the fact 
of ‘common employment.” The difficulty of course 
would be to define what is a servant in authority. 
To meet this the Lord Chancellor proposes that in 
reference to railways, mines, manufactories, and 
works the definition of “servants in authority” 
should be considered before a Select Committee of 
the House of Lords, so that those interested on the 
one side or the other can be heard, and their objec- 
tions, opinions, and views carefully considered, 
After a few remarks from Earl Granville, the Bill 
was read a first time. 

It is evident from the above resume of the Lord 
Chancellor’s observations that the Government are 
fully alive to the necessity of legislation on the 
subject; that jthey are equally aware of its diffi- 
culties, and, lastly, that in all such cases of difficulty 
they intend to throw on the shoulders of a Select 
Committee the onus of suggesting some practical 
means of overcoming such difficulties. This is an 
old Parliamentary practice, and has been followed 
for years past in regard to gas, water supply, rivers 
pollution, e¢ hoc omne genus. But with what result ? 
Why simply that of delay. Of course, as the 
Government has taken the matter in hand, all 
private Bills, of which notice has been given for 
the present session, will stand in abeyance, or be 
absorbed in the Government measure, or which is 
most probable, be deferred for the consideration of 
a new Parliament —in others words deferred sine die. 
It is quite certain that the course which the Govern- 
ment proposes practically takes off all their re- 
sponsibility, and casts it upon the so-called friends of 

e operatives. But as the latter cannot command a 
majority in either House, they must be at the 
mercy of the present or any future Government. 
At the last conference of the Society of Arts on 
the water and health question, held in May, 1879, 
we heard the Right Hon. James Standsfeld, the ex- 
President of the Local Government Board, express 
the opinion that it was all but impossible for a 





member to carry a private Bill through both Houses 
of Parliament, and he complimented Mr. Brown on 
his exceptional success in carrying his Water Act 
for improving the supply in country districts, Such 
being the case we imagine that both employer and 
employed had better try to make some material 
arrangement by arbitration or otherwise, rather 
than wait for the distant date when uncertain or 
imperfect legislation may attempt to settle a 
question, which, under the most favourable legal 
aspects, cannot fail to make fools of clients and 
good for the lawyers, 








THE FORTH BRIDGE. 

IN our last issue (see page 113 ante) we noticed very 
briefly the general features of the suspension bridge 
designed by Sir Thomas Bouch to cross the Firth 
of Forth, and at the same time we referred to the 
circumstances under which the money for carrying 
out the project was obtained. It cannot be too 
much regretted that so little opportunity has hitherto 
been afforded, of criticising the design and detail of 
this important work, as well as the proposed mode of 
erection, though we may reasonably expect that 
further information will be available when the report 
of the commission appointed to re-investigate the 
scheme is published, and when shareholders more 
fully appreciate the possible risk of their invest- 
ment. 

Pending the issue of that report, it seems to us 
of importance to bring before re of civil 
engineers our views upon the scheme so far as is 
possible, from the incomplete data which have been 

ublished. We intend by so doing to widen the 

eld of discussion with re to the problem of 
bridging the Forth, and also to enable a larger 
section of the profession to take part init. Start- 
ing with the argument that the scheme before us is 
not the best solution of the problem, and thatit can- 
not be recommended for adoption, we intend in the 
present article to state our reasons for this view, 
and as we consider that the question is not only 
whether the proposed scheme is a good one or not, 
but what may be best put into its place, we propose 
next week to publish the drawings of a scheme which 
we believe has marked advantages in several respects. 

We proceed now to describe the leading features 
of Sir T, Bouch’s design so far as they can be 
gathered from the information we possess, subject 
of course to correction or explanation in case they 
have been misread. 

There are virtually two identical suspension bridges 
joined together, as shown in Fig. 1 (see next page), so 
as to make them balance each other with re to the 
dead load, while the moving load is dealt with by two 
chains which cross each other between the towers in 
the centre, and are anchored down in their bases, The 
curved chain is fixed to the + of the towers, and 
also to the platform girder at the center between the 
towers. Its form is the polygon of equilibrium for the 
dead load, at eia.d or dead and moving load to- 
gether (the difference is small and cannot be dis- 
tinguished for want of information as to weight). 
From the chain suspended by vertical bars is the plat- 
form girder which has a depth of 40 ft. in the centre, 
curving down to 19 ft. at the ends. Here a number 
of straight bars are connected with the girder in one 
point, and these spreading out fan-like, terminate 
at a part in the curved chain where an undula- 
ting motion would be most perceptible. The ends 
of the girder are free to move horizontally, but 
a vertical motion is prevented, on the one hand, by 
a sliding bearing, and on the other by a vertical 
anchorage. 

These being the principal features of the scheme, 
the question presents itself, what effect a moving 
load, the change of temperature, and the pressure 
of the wind will have upon the structure? With 
regard to the moving load, three cases may be 
distinguished : first, a load distributed over a 
portion of the platform in the centre of the span ; 
second, two equal loads symmetricall distributed 
over both sides, leaving free the middle; third, a 
load distributed on one side over one-half of the 
span. The fourth case, where the load is distributed 
over the whole of the span, need not here be dis- 
cussed, as it would not present a new featnre in the 
discussion. In the firat case, the curved chain has 
a tendency to rise near the towers and deflect in 
the middle, The rising is prevented by the straight 
inclined bars down to a certain point, and the same 
tendency is thus confined to the remaining section 
of the chain, which is much shorter. The girder 
would follow the rising and lowering according to 
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its flexibility. ‘There would be in it two points of 
contrary flexure not far from the centre where the 
bending moment in the girder would be zi/, and in 
the centre the moment would be a maximum, but it 
would not’ be the greatest maximum. 

In the second case the chain deflects near the 
towers and rises in the centre (Fig. 2). The inclined 
bars on both sides are slackened and the girder re- 
ceives a threefold bend with two points of contrary 
flexure. The bending moments in the girder be- 
come maxima near the towers. 

In the third case the chain assumes the form in- 
dicated in Fig. 3 ; the girder moves to the side where 





the load is placed, the inclined bars on this side are 
slackened, those on the other side are tightened ; 
the anchorage on the same side receives a tensile 
strain, and the girder up to the middle is compressed. 
There is only one point of contrary flexure and the 
bending moment is a maximum under the load at a 
distance from the centre, which is probably a little 
greater than one quarter of the span. This bending 
moment would be greater than those produced in 
the other two cases, and the flanges of the girder 
would have to be constructed with a considerable 
sectional area at this point. If a curve of maximum 
moments in the girder were drawn, and if in order 
to make the flanges of uniform section the girder 
were made to resemble that curve, it would not have 
its yes depth in the centre. 

e effects of changes of temperature are not 
serious. The proportion of the versed sine of the 
catenary to the depth of the girder is so great that 
the strains in the flanges of the latter would be very 
moderate, and the slackening of the inclined straight 
gid is met. by their connexion with the ends of the 

er. 

The action of the wind pressure upon the struc- 
ture may be regarded as a longitudinal one and as a 
transverse one. Longitudinally, the pressure of the 
wind tends to produce a movement of the whole sus- 
pension structure indicated in Fig. 3. The rigidity 
of the girder would keep the oscillations thus produced 
within moderate limits, but when a heavy railway 
train of the length of half the span moves quickly 
over the bridge, these oscillations added to those 
ay eg by the weight of the train and increased 

y its momentum would create strains in the girder 
pn ance in excess of those created by a 
statio oad in calm weather, as assumed in 
case 3. It can also be noticed on the diagram that 
there are a number of thin bars unsupported over 
great lengths, some of them over a length of 150 ft. 

two in each span even over more than 300 ft.). 
eir vibrations under wind pressure would in some 
measure cause oscillations of the whole structure. 
Transversally, it must be assumed that besides the 
bold bracing between the two platforms, stretching 
over a space of 100 ft., there is complete bracing 
between those bars of the suspension structure 
which support one platform, that is to say across a 
space of about 20ft., and it would also be fair to 
assume that in addition to this there is some bracing 
between the two sets of chains, which are 100 ft. 
apart, at points above the platform. Therefore, so 
far as the transverse action of the wind pressure is 
concerned, there may be nothing left to desire, 
except, perhaps, an increased distance between the 
two platforms ; but with regard to tue moving load, 
when it covers the whole of one platform of one 
open, it must be remembered that the deflection in 
the centre will amount to several inches, and for 
this reason the bracing between the platforms could 
not be fixed rigidly lest the transverse strains in 
that bracing might me excessive, 


If the above is on the whole an accurate state- 
ment of the case—it of course being open to cor- 
rection—it is difficult to see in what respect the 
proposed design should be a marked improvement 
neers of suspension bridges already in 

is does not necessarily imply a con- 


upon the 
existence. 


r 








demnation of the design, for if properly constructed 
the action of the moving 1 can be met so as to 
support it safely. The safety of the structure 
against wind pressure is probably sufficient; or if 
apprehensions should be entertained lest the amount 
of wind pressure hitherto accounted for might be 
below reality, a moderate increase of- the width of 
the structure would dispose of them. A reduction 
of height within a feasible limit would by no means 
be so effectual, and therefore not required, 

But even allowing for any amount of stiffness 





which a horizontal girder might give to a curved 
chain, or assuming in place of such an arrangement 


Fig. 7. 








Scale tinch = 650 feet 


Fig. 2. 


1 to 4), the oscillations from the wind pressure 
therefore would not be so marked; secondly, the 
towers were built of, masonry, and could offer greater 
stability than columns constructed of iron or steel 
braced together; thirdly, the general dimensions were 
not so large as in the present case, and the range 
of oscillation was for this reason smaller, The opera- 
tion of erecting the chain according to the proposed 
design would therefore be one of greater risk. 
When the chain is erected and braced transversely, 
as we presume it is intended to be, it may be 
partially held in position by the above-mentioned 
Inclined straight bars, by fixing them temporarily to 





















Fig. 3. 














a structure according to Mr. R. M. Ordish’s prin- 
2 applied in the Albert Bridge over the Thames, 
which is probably the best solution of the problem 
of a rigid structure on the principle of pure sus- 
pension, none of these structures (the Albert Bridge 
included) have as yet proved to be of such rigidity 
as would be desirable in the case of bridging the 
Forth. The reason for this lies to a great extent 
in the fact that on the one hand the only two abso- 
lutely fixed points are at distances from each other, 
far beyond the span of the bridge, viz., the anchor- 
ages of the back-chains; on the other hand, that 
the principal carrying parts, viz., the chains, cannot 
conveniently be made rigid in themselves, but, that 
being long and thin, while massive at the same time, 
they retain in them any oscillating movement for a 
much longer time than if they were comparatively 
thick, i.c., if their sectional moment of inertia were 
great. Itis also worth mentioning that in a suspen- 
sion bridge of two spans, these spans must either be 
equal or the principle of stiffening the chain by 
means of a girder and inclined straight bars, which 
is here adopted, would have to be modified in the 
smaller span of the two. This design seems there- 
fore to preclude the feasibility of taking advantage 
of any difference which the ground-lines of the two 
deep-water channels may present. 

The question of erection is of almost equal impor- 
tance to that of the stability of the complete struc- 
ture. 

The erection of a suspension structure over a 
space where, as in the present case, no staging can 
be built, must begin with the catenary. The opera- 
tion is a difficult one on account of the action of the 
wind upon a flexible chain or rope. It has how- 
ever been successfully accomplished in several 
cases either by hauling across the single wires 
which are afterwards collected so as to form a rope, 
as in some American bridges, or by carrying the 
links composing the chain along a temporary rope 
one by one to its proper position. In each of these 
cases the circumstances were more favourable than 
in the present one. The deflection of the catenary 
was much flatter (generally 1 to 10, while here it is 








the towers with an initial strain. This however 
would only apply to that portion of the chain which- 
is nearest to the towers, while the central part is 
still free to oscillate. 

The erection of the horizontal girder and platform 
would now be proceeded with. This may be done 
either by beginning in the middle, working sym- 
metrically towards each end, or vice versd, begin- 
ning at the ends and working towards the middle. 
In either case the catenary would alter its form 
of deflection at every stage of the operation, and as 
the girder when rivetted together could not follow 
this change of form without receiving excessive 
transverse strains, it would either be necessary to 
adjust the length of each suspension bar at every 
stage of the operation, or, as this is impracticable on 
account of the great weight of the girder, to make the 
connexion between the girder at every suspension 
bar, a temporary flexible one until the whole of 
the girder is thus suspended, In this case the struc- 
ture would present a huge mass in which there is 
not the slightest rigidity, and the effect of a gale 
upon it might become a very serious one. It is 
therefore not to be wondered at that, as we believe 
to be a fact, several eminent bridge-building firms 
who were invited to take the responsibility of the 
erection of this structure, declined to do so. 








THE TAY BRIDGE. ; 

Ir we may judge from the letters and inquiries 
which constantly reach us, a large and important 
section of the public is regarding with considerable 
impatience the delay in the resumption of the Board 
of e inquiry into the causes of failure of the 
Tay Bridge. It appears to be very generally con- 
sidered—and we think with justice—that although 
the prosecution of certain branches of this inquiry 
must necessarily be deferred until the remains of the 
wrecked spans are available for detailed examination, 
a that there are other and equally important 
ranches which might with advantage have been 
proceeded with at once. In fact, so far as can at pre- 
sent be foreseen, the information which may be gained 
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by an examination of the wrecked girders will be of 
comparatively minor importance, the chief points to 
be investigated appearing to be the general design 
of the bridge and its piers, together with the con- 
structive details, and these points can be to a great 
extent dealt with by the aid of the working drawings, 
without reference to the débris of the bridge at all. 
It is now announced that the inquiry will be resumed 
at Dundee on the 26th inst., and this being so, we 
shall not dwell longer on the delay which has 
already occurred, but shall merely express a hope 
that when once the Court of Inquiry recommence 
their sittings the thorough investigation of the failure 
may be carried out without any longer adjournments 
than may be absolutely necessary. The breakdown 
of the Tay Bridge is being inagale discussed abroad, 
and as the matter at present stands, it cannot but be 
felt that the failure is more or less a stigma on 
English engineering skill. Unless, however, it can 
be shown that the design possesses merits which 
are at present entirely unapparent, the investigation 
will, we think, prove that the structure failed simply 
because it was constructed with a disregard of well- 
known principles, and in disaccordance with ordinary 
English practice. If this be so—and wemust confess to 
holding strong opinions on the subject—then the 
sooner the facts are made known the Seiten, and the 
profession as a body relieved from a responsibility 
which should only rest on certain individuals. 

We have, in our former articles on the Tay Bridge, 
dealt with the strains to which the piers were 
subjected under the action of the wind pressure, 
and we have pointed out how much depended upon 
the bracing by which the columns forming the piers 
were connected; we now propose to have some- 
thing more to say respecting this bracing, and to 
touch on some points not previously raised. It is 
well known to all familiar with structural ironwork 
that in a braced pier, such as those employed for the 
Tay Bridge, a great uncertainty must at all times 
exist as to the manner in which the strains due to 
lateral pressure are distributed between the different 
braces, and for this reason the bracing in such a 
pier ought to be made with a large margin of 
strength. For the sake of those who have not 
specially studied the subject, we may, before giving 
any figures bearing upon the Tay Bridge failure, 
explain briefly the problem to be dealt with. 

As we have described in our former articles, the 
fallen piers of the Tay Bridge were each composed 
of six cast-iron columns arranged at the corners of 
an irregular hexagon, and connected by horizontal 
and diagonal bracing, the arrangement of the 
bracing in side elevation being indicated by the sub- 
joined sketch, which is supposed to represent the 
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bottom length of columns. Let us now consider 
what occurs when a structure of this kind is sub- 
jected to a lateral force acting in the direction of 
the arrow, it being supposed that the lateral stability 
of the columns depends wholly on the bracing, the 
columns being practically hinged at their bases. If 
the four columns a e, 6 f, ¢ g, and dh were all 
in one plane, and were equidistant, so that the 
braces e 4, fc, and gd formed equal angles with the 
horizontal, then the effect of a lateral force acting 
in the direction of the arrow would be equally 
divided* between the three diagonal braces, and the 
amount of strain to which each of these would be 
exposed would be readily calculable if they were all 
equally tight to begin with. In the case of the Tay 
Bridge piers, however, the four columns named are 
not in the same plane, neither are they equidistant, 
and hence the problem becomes more complicated. 
Assuming the diagonal Lars to have an initial tension 
put on them by vottering up during erection, the 
problem can be best dealt with as follows: First, 
assuming an initial strain in the a calculate 
in the ordinary way the horizontal force correspond. 
ing to this strain, the proportion of this horizontal 
force to the initial strain in the diagonals being for 
the side panels as the lengths ab to e 4, and for the 
centre panels as J ¢ to {¢ This will give what we 
may term, for want of a more convenient phrase, 





* We neglect here the minute effect of any small com- 
pression in the horizontal member a d, supposing the lateral 


the initial stability of the pier. Next let there be 
calculated the relative elongations of the side panel 
diagonals ¢ 4 or gd to that of the cagenel fe under 
the influence of a small lateral deflection of the 
columns, it being borne in mind in making this 
calculation that the diagonals in the side panels are 
not in the same plane as those of the central panel. 
If the diagonals were of uniform section throughout, 
the ratio of elongations just mentioned would give 
also (so long as the strains were within the elastic 
limits of the bars) the ratio of the strains in the bars 
produced by the assumed small lateral deflection 
of the columns. 

Such is the theoretical aspect of the question, but 
in practice many difficulties arise. Thus it is prac- 
tically impossible to determine what are the initial 
strains in the diagonals, or to insure equal initial 
strains in the diagonals in the different panels, 
while the diagonals themselves, instead of being of 
uniform section throughout, have their sections 
reduced at certain points by the cotter holes, &c., 
and their elasticity under tensile strain is thus by no 
means strictly proportional to their length. Under 
these circumstances it would be mere affectation to 
eae to anything like minute accuracy in calcu- 

ating the strains on the bracing of the Tay 
Bridge piers, and we therefore only put forward 
the figures given below as a fair ge lt 
woulll be tedious to reproduce here the details of 
the calculations, and we therefore only give general 
results. We shall, moreover, deal only with the 
effect of a lateral strain applied at right angles to the 
direction of the bridge. 

The diagonals of the Tay Bridge piers were bars 

in. by }in., the section of each bar being reduced 
at the cotter holes to about 13 squareinches. For 
the side panels each strain of 1 ton (not per square 
inch) in a diagonal e 4, would correspond to a hori- 
zontal force of about 0.4 ton, while in the central 
panel a similar strain in the diagonal f ¢ would 
correspond with a horizontal force of about 0.63 
ton. Taking the effective sectional area of the 
diagonals at 13 square inches and assuming that 
they were cottered up with an initial strain of 1 
ton per square inch, we should have 1.75 x0.4x2= 
1.4 tons as the horizontal force corresponding to the 
strain in the diagonals of the two side panels, and 
1.75 x0.63=1.1 tons for the centre panels or 2.5 
tons in all, This would be for the bracing on one 
side of the pier, or 5 tons for the two sides, The 
lateral force due to the wind pressure would, there- 
fore, have to exceed 5 tons before the diagonals 
received any addition to their initial strain, In our 
former calculations we took the aggregate exposed 
area of the windward and lee girders at 1200 square 
feet, of the pier as 800 square feet, and of a train as 
1600 square feet, making 3600 square feet in all; 
and we will for the present adhere to these data 
although there is reason to believe that the surface 
e d by the girders has been underestimated. 
On the area of 3600 square feet each pound of wind 
pressure per square foot would give a pressure of 


9940 ~ 1.6 tons, and it would, therefore, require a 
wind pressure of a = 3.125 lb. per square foot 


only to balance what we have termed the initial 
stability of the piers as far as the bracing is 
concerned. 

If now we go a step farther and ascertain the re- 
lative elongation of the braces ¢ b, fc, and g dunder 
asmall lateral deflection of the columns, it will be 
found that the elongation of the diagonals in the 
side panels is about two-thirds of that of the diagonal 
in central panel. From this we find that a 
lateral deflection such as will produce an additional 
strain of 1 ton per square inch in the diagonal of the 
centre panel will give rise to a strain of two-thirds 
of a ton per square inch only in the diagonals of the 
side panels, and the additional horizontal resistance 
due to such a lateral deflection of the columns as 
will give rise to a strain of 1 ton per square inch in 
the centre panel diagonals, will thus amount to 


1.75 x.68+2% sf 0.4x2 _ 993 tons, This is 





for the bracing on one side of the pier or 4.06 tons 
for the two sides; or in other words for each 
additional ton of strain per squareinch put on the 
diagonals; of the centre panels there would be 
given the power of resisting a wind pressure of 
+o 8.54 lb, per square foot. 


‘Tf we take the elastic limit of the braces at 


put up with an initial strain of 1 ton uare 
inch, we thus get: 3.125 ++ 10 « 2.54=28.525 Ib., 
or say 254 lb. square foot, as the probable wind 
ressure which would produce crippling of the 
races in the central panels, The lateral resistance 
of the columns themselves acting as cantilevers 
would add something to this, but very little, for the 
arrangement of the columns was such that inde- 
dent of the bracing they possessed very slight 
teral stability, and altogether it is impossible to 
avoid drawing the conclusion that the bracing was 
of very inadequate strength. But weak as the 
braces were, their connexions to the columns were 
even weaker, as is shown by fractures of the cast- 
iron snugs, of which we have already spoken when 
describing the wreck. 

The facts we have just pointed out serve to ex- 
plain why in the wreck of the fallen piers it is found 
that the bracing of the central panels of the piers 
has suffered so much more than that of the side 
panels, while they will also explain how, owing to 
irregularities in the initial strain, due to the manner 
in which the diagonals were cottered up, any 
diagonal weight have a most undue share of the 
work thrown upon it. Of course the strain due to 
the wind pressure on the girders and train would 
be the same on the diagonals of all the sections in 
which each pier was built, while the strain due to 
the wind pressure on the pier itself would be 
_— in the diagonals of the bottom section, and 

iminish upwards, Assuming uniformity of strength 
and equality of initial strain, the bracing of the 
bottom section of each pier should, therefore, 
be the first to go; but it will readily be seen that 
but a slight irregularity in the strength would be 
sufficient to induce fracture in a higher section as 
has really occurred in several piers. 

In taking leave of this subject for the present, 
we may repeat that in giving the above figures we 
make no pretence to strict accuracy —in fact, mi- 
nute accuracy would be impossible under the cir- 
cumstances— but we believe that the facts we have 
pointed out will be of some service in helping to 
explain the failure of the structure. 


THE CONVERSAZIONE OF THE 
PHYSICAL SOCIETY. 

On the evening of Saturday last the President of 
the Physical Society, Professor W. G. Adams, 
M.A., F.R.S., entertained in the museum and la- 
boratories of King’s College, London (in which he 
holds the chair of Natural Philosophy and Astro- 
nomy), a large number of ladies and gentlemen 
interested more or less in the advancement and re- 
sults of physical science, and in addition to the 
unrivalled collections of historical apparatus which 
form the contents of the permanent museum at- 
tached to the ome? large number of objects of 
physical interest been contributed for the 
evening by members of the Society and others. 

To the man of science generally, and especially 
to the physicist and electrician, there is something 
almost classical in the associations of King’s College, 
for here it was that the late Professor Daniell, 
while Professor of Chemistry, prosecuted many of 
his most valuable researches, and the universally 
known voltaic battery which bears his name, first 
made its appearance within the walls of King’s 
College, e late Professor William Allen Miller, 
also, who was early associated with Dr. Huggins 
in his researches upon the physical and chemical 
constitution of the heavenly bodies, was a suc- 
cessor of Daniell in the iy oeamnaw of che- 
mistry. King’s College will, however, be espe- 
cially associated with the name of Sir Charles 
Wheatstone, not only on account of his holding 
for many years the chair of Natural Philo- 
sophy, during which period some of his most in- 
teresting discoveries were made, and many of his 
most valuable inventions were brought out, but 
also because at his death he bequeathed to the 
museum of the college the whole of his valuable 
collection of instruments and apparatus, illustrating 
in the most characteristic way possible the course of 
the work of his life, which entered more or less 
into every branch of physical science. In the 
same year—1834—that he was appointed to the 
professorship, Sir Charles (then Mr.) Wheat- 
stone made his celebrated experimental investiga- 
tion to determine the velocity and duration of 
the electric discharge by means of a rapidly revoly- 
ing mirror, an expedient which was afterwards 
adopted by Foucault in his celebrated determina- 
tion of the velocity of light. The original apparatus 














force to be applied at a. 





11 tons per square inch, and assume that they were 
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THE GRAMME COMBINED EXCITING AND DIVIDING MACHINE FOR THE ELECTRIC LIGHT. 


(For Description, see Page 136.) 
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was shown on Saturday night, but as we have 
already described it in connexion with the special 
Loan Collection of Scientific Apparatus at South 
Kensington,* we need not further allude to it in 
this place, except to record the very interesting fact 
in connexion with King’s College, that it was in the 
course of a series of lectures upon this research 
delivered at the college that he first demonstrated 
the practicability of transmitting signals to distant 
laces through metallic conductors, and in the 
ollowing year he, in conjunction with the late Sir 
William Fothergill Cooke, took out the first of that 
long series of patents by which electric telegraphy 
was not only rendered possible, but was made a 
yractical success which has in a few years developed 
itself into one of the powers of the world, In the 
collection contained in the museum there are all the 
early forms of telegraphic apparatus devised by 
Wheatstone, as well as the many experimental 
models and instruments employed by him in the de- 
velopment of this the greatest application of physical 
science to the use and convenience of man. 

Besides the Wheatstone collection, the Museum 
of King’s College is exceptionally rich in historical 
apparatus on account of the gift to the college by 
Queen Victoria of the fine collection of philosophical 
instruments and mechanical models which belonged 
to King George III. Among these ere several very 
interesting and elaborate orreries, and the curious 
wooden apparatus used by Desaguliers in demon- 
strating to the children of the king various principles 
of natural philosophy. Among these is a curious 
series of models in mahogany to illustrate the laws 
of falling bodies and the paths of projectiles, and a 
very ye go apparatus by which the parallelo- 
gram of forces may be demonstrated, as well as 
some of the laws of impact, and the direction taken 


~ © See ENGINEERING, vol. xxi., page 434. 
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by bodies after collision at various mutual velocities 
and at different angles of impact. Of other historical 
apparatus in the museum we may mention the 
original early forms of Daniell’s battery, the 
first centri pump of Appold, Newcomen’s 
model of his steam engine, the calculating machines 











of Cavendish and Babbage, and a series of very 
early forms of electrical machines. 

One of the most interesting and valuable relics in 
the collection is the ancient natural magnet, or 
Siberian loadstone, lent by Daniell to Faraday in the 
year 1831, and from which the first magneto-electric 











Fes. 13, 1880.] ENGINEERING. 





135 





—— a 











SIX-HORSE POWER TRACTION ENGINE. 


CONSTRUCTED BY MESSRS. WALLIS AND STEEVENS, ENGINEERS, BASINGSTOKE. 
(For Description, see Page 136.) 
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HALL’S CANNEL COAL AND COKE BREAKER. 
CONSTRUCTED BY THE SAVILE STREET FOUNDRY COMPANY, ENGINEERS, SHEFFIELD. 
(For Description, see Page 137.) 








spark was induced. ‘This curious piece of apparatus | apparatus, wemay mention, on account of their special 
formed part of the South Kensington Loan Collec- | interest, the original ‘‘ Wheatstone bridge,” upon 
tion, and was described in these columns in our | which foundation is built the whole superstructure of 
twenty-first volume ;* and of other pieces of historical | the measurement of electrical resistances, and which 

* See ENGINEERING, vol. xxi., page 418. in connexion with the laws enunciated by Ohm has 








more than anything else advanced the science of 
electricity and supplied the key to electrical. pro- 
blems, the solution of which has rendered pobsible 
the present highly advanced state of telegraphy and 
electrical engineering. In the Wheatstone collec- 
tion there are also all the original and early forms 
of the reflecting stereoscope, as well as of his polar 
clock, an instrument by which the time of the day 
may, with a fair amount of accuracy, be estimated 
by analysing the polarisation of the light reflected 
by the sky which varies during the twenty-four 
hours with the altitude of the sun; there are also 
in the collection other instruments used or devised 
by Sir Charles Wheatstone in his experiments upon 
the polarisation of light. The researches upon sound 
with which Wheatstone commenced his scientific 
career are illustrated in the King’s College collection 
by a large typical series of musical instruments, 
some depending upon the vibration of strings, some 
with reeds and wind, and some in which both wind 
and strings are combined. And in connexion with 
acoustics we may mention a curious specimen of De 
Kempelen’s talking machine, made by Sir Charles 
Wheatstone in the year 1834. 

The recent development of the science of dynamo. 
electricity for the production of electric light, for the 
transmission of mechanical power to a distance, and 
for electro - chemical operations, gives a special 
interest to the memorable coincident publication 
before the Royal Society by Dr. C. William Siemens 
and by Sir Charles Wheatstone, in the year 1866, of 
the discovery of what might appropriately be called 
dynamo-electric induction, had not that term been 
previously appropriated for another electrical 
phenomenon, but which is generally understood as 
the ‘ action and reaction principle of magnetisation,” ~ 
to which ‘liscovery there are several other claimants ; 
and the original dynamo-electric machine of Wheat- 
stone, which was shown on Saturday evening, was 
a special object of interest. 

n the above remarks we have referred to buta 
few of the more striking objects of historical interest 
which form part of the wealth of the museum of 
King’s College, for it would occupy more space than 





we can devote on the present occasion even to give 
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a list of the many interesting relics of the past] p 


history of philosophical inquiry which are to be 
found in that collection. We would recommend 
those of our readers who desire to know more of it 
to visit the museum for themselves, for it is open to 
the public, and: deserves to be much more widely 
known than it appears to be at the present time. 

Of the object8;contributed for the evening most 
have already been described in these columns, and 
need not again be brought before our readers. The 
popular novelty of the evening was the talking ma- 
chine of Mr. Faber, which was exhibited and de- 
scribed by its inventor at intervals during the even- 
ing. In this machine the vocal apparatus consists of 
a pair of bellows of wood and caoutchouc corre- 
sponding to the lungs and worked by a pedal un- 
derneath the table upon which the whole apparatus 
is fixed ; a larynx provided with a single diaphragm 
for modifying the sounds; a mouth furnished with 
lips and a tongue of caoutchouc, a nose or proboscis 
which is curiously placed under the mouth and 
curving up towards it; and a system of levers to 
work these organs by hand as one plays a piano. 

The voice is produced by a kind of whistle placed 
inside a thick windpipe of india-rubber. This 
whistle is a little cylinder of caoutchouc having a 
rift in it fitted with a small reed of ivory coated 
with caoutchouc, which the wind from the nozzle of 
the bellows sets into audible vibration. The note 
which it gives out can be made shriller or graver by 
means of one of the hand keys which is made to 
adjust the nearness of the reed to the cylinder, The 
whistle, which plays the part of a larynx, is placed 
in front of the nozzle of the bellows, where is also 
placed a small windmill which can be made at will 
to give the trilling sound r, This is also done by 
means of a key which partially stops the e of 
the air from the nozzle to the larynx, on sets the 
mill whirring against a piece of hide so as to give 
out the sound ¢, 

Below the conduit ‘of the larynx, which is only 
5 centimetres long, there opens another caoutchouc 
tube which terminates in a spherical cavity opening to 
the outer air by acaoutchouc pipe fitted with a valve, 
which, when opened by the agency of a key, givesa 
slightly nasal tone to the ‘ drone” or basic tone of 
the voice emitted by the larynx. A square funnel- 
shaped conduit leads from the larynx to the mouth. 
In this conduit are fitted six metal diaphragms 
placed vertically, by which, on operating certain 
een the passage of the conduit can be more or less 
aiteeinl, so as to modulate the voice, and for 
most articulate sounds it is requisite to operate 
several of these diaphragms at the same time to 
several degrees. ‘The mouth, which forms the 
vent of this conduit, is fashioned like the human 
mouth. It has a palate, tongue, and lips of caout- 
choue. The tongue, which is modelled on that of 
man, lies in the bottom'jaw, and its point can be 
directed to the roof of the mouth by workinga key. 
The lower lip can also be opened or closed by a 
special key, and above the upper lip is hung a 
small disc shaped like the mouth, which has in its 
centre a little orifice to assist in the pronunciation 
of the letter 7, There are no teeth, and it is pos- 
sible that their introduction would improve the arti- 
culation of certain of the breath consonants or linguals. 

‘There are fourteen keys of different lengths, and 
they produce on being depressed the sound of the 
letters a, 0, u, i, e,/, r,v, J, 8, ch, b, d, g, the longest 
being g, the shortest ¢. Below the key of g, 4, and 
d are two pedals corresponding to the valve of the 
nose; and to a valve which enables the sounds a, ¢, 
and & to be got from the touches for 4, d, and g. ‘The 
action of the keys, or in other words the process of the 
sounds, is as follows: for a thekey moves the first five 
diaphragms in the funnel ; for o these are also moved, 
but to different heights, and the mouth is slightly 
closed ; for «the same is done, but the mouth is 
closed still further; fori one diaphragm only is 
raised, the point of the tongue is poised free, and 
the mouth opened wider; for e the, six diaphragms 
are raised, the — of the tongue is raised and 
drawn back, and the mouth opened still more; for 
/ five diaphragms are raised, the tongue is placed 
against the palate, andthe mouthopened still further ; 
for r the six diaphragms are raised, the windmill is 
started, the tongue is lowered a little, and the mouth 
closed yet more ; for ov five diaphragms are raised, 
the lips are almost closed, and tongue is lowered; 
for fthe mouth is almost entirely closed, and the 
disc over the upper lip is lowered in front of it; 
for s three diaphragms are raised, the mouth partially 
closed, and the tongue partially raised ; for ch three 
diaphragms are raised, the mouth is ay | closed, 
and the tongue raised yet more; for 4 five dia- 





hragms are raised, the mouth is nearly closed, and 
the tongue placed quite low; for d six diaphragms 
are raised, the mouth is three-quarters closed, and 
the tongue completely lowered ; for m the key of d 
is depressed and the valve of the nose opened ; for 
n the key of d is lowered and the valve of the 
nose opened; 4 is got by taking a portion of the 
aspiration of the larynx. From the above descrip- 
tion it will be seen that the action of the living 
organs are closely imitated by Mr. Faber’s machine. 
The other letters of the alphabet are obtained by 
combining these fourteen sounds, and any word in 
any language may be spoken. Such efforts as 
‘* Eliza,” ‘* Mariana,” ‘* Philadelphia,” ‘* Constanti- 
nople” were uttered with striking fidelity ; other 
words were not so distinctly rendered. ‘The hiss- 
ing sound sh was rendered far more clearly than by 
the phonograph or telephone. 

The curiously uncanny tones of this fearfully and 
wonderfully made machine with its awkward articu- 
lation created much amusement, but the imperfec- 
tions of its utterance only proved the extraordinary 
beauty of the vocal apparatus in man, and to 
have produced a machine in wood and caoutchouc 
which can imitate so nearly, although so awkwardly, 
the infinite number of sounds which make up human 
articulation, is a feat of mechanical skill and proves 
that the author's analysis of the mechanical pheno- 
mena of speech has been most admirably accurate. 

In the interval between Mr. Faber’s demonstra- 
tion, Mr. Crookes delighted an enthusiastic audience 
by exhibiting and explaining some of his very 
beautiful experimental illustrations of molecular 
physics in high vacua. Most of the experiments 
shown by Mr. Crookes on Saturday evening were 
first pet A public before the British Association at 
Sheffield in August last, and were figured and de- 
scribed in these columns at the time,* but such 
illustrations of a branch of physics so entirely new 
and in themselves so intrinsically beautiful, may be 
seen and enjoyed any number of times, and the 
beauty of the apparatus employed, even when not in 
action, cannot fail to give pleasure, for under Mr, 
Gimingham’s vnrivalled skill, not only is glass 
made to assume almost impossible forms, but the 
most delicate problems of manipulative skill are 
solved in a manner which invariably calls for ad- 
miration hardly second to that elicited by the 
splendour of the results. 

Professor Adams, a worthy successor of the 
great men who have preceded him, and who insti- 
tuted the present system of physical lectures and 
experimental demonstration at the college, exhibited 
several objects of high scientific interest. Among 
these were two examples of his very beautiful 
measuring polariscope with universal motions, by 
which any crystal or other substance under examina- 
tion may be turned so as to make either of its optic 
axes coincide with the line of collimation of the in- 
strument, and it may be rotated about three axes 
in three different planes without disturbing its 
centrality in the field of view. One of the special 
features of the apparatus is the enclosing the crystal 
to be measured in a little oil vessel, the two opposite 
sides of which are plano-convex lenses having their 
flat surfaces directed towards the crystal, and their 
outer convex spherical surfaces are of such a radius of 
curvature, and are fixed at such a distance a as to 
form part of the same spherical surface, and the axes 
of all the planes in which the crystal can be rotated 
have a common line of intersection at the common 
centre of curvature of the two spherical lenses at 
which the crystal is placed. By this arrangement, 
which requires drawings to make quite clear, itis evi- 
dent that while the lenses act as magnifying glasses 
to the crystal and to the field, no alteration of refrac- 
tion can take place by the rotation of the system 
about any of the axes which pass through the 
centre of the crystal. We hope on a future occasion 
to illustrate and describe this beautiful apparatus. 

Professor Adams showed also a very complete 
and beautifully constructed optical bench, which on 
this occasion was arranged to show the phenomenon 
of optical interference by the double reflections 
between the surfaces of thick plates of glass, Both 
the apparatus and the effects illustrated in it would 
require diagrams to render a description clear, and 
we hope to return to the subject at a future time. 

The conversazione of Saturday evening was a most 
successful and enjoyable one, not only on account 
of the great interest of what was to be seen by 
Professor Adams's guests, but also for the good 
management of everything whereby the comfort 
and social enjoyment of everybody were assured. 





* See ENGINEERING, vol. xxviii., page 166. 





GRAMME’S COMBINED DYNAMO.-ELECTRIC 
MA NE. 

WE reproduce, from our contemporary, La Revue In- 
dustrielle, illustrations of a new form of dynamo-electric 
machine which has been recently introduced by M. 
Gramme. The machine differs considerably from the 
Gramme machine brought out in 1878, both in the greater 
amount of light it is capable of producing per horse power 
and in its lower first cost. 

By reference to the engravings it will be seen that the 
arrangement of the machine is as follows: On a cast-iron 
foundation are fixed two plates of the same metal almost 
circular connected together by six square bolts and pro- 
vided with bearings for the main shaft. One of these plates 
is furnished on the inner side with a circular rib on which 
are mounted the electro-magnets of theexciting apparatus. 
As in the earlier models the coil for the alternating cur- 
rents rests on the square bolts connecting the end plates 
with packing pieces of hard wood. The six movable 
electro-magnets are fixed radially around a hexagonal 
sleeve which is bolted to the shaft. The armatures are 
held by the same screw as shown in the longitudinal 
section, The shaft carries on one side the small exciting 
coil, and on the other the induction coil. The bearings 
are wide, and in the larger machines a system of auto- 
matic lubrication is employed. 

An arm carrying a wire brush shown in the section, 
Fig. 1, serves to place in communication the coils of the 
moving electro-magnets with the exciting circuit. The 
current is collected and transmitted by small brushes of 
silvered copper wire. The brushes are moved by means of 
a small endless screw. For regulating the power of the 
machine a copper wire, the length of which can be varied 
at will, is introduced between the excitor and the electro- 
magnets. The method of coiling the wire differs slightly 
from that adopted in the other machines, as instead of 
winding one wire two are coiled, in order to obtain by this 
mode of coupling tension currents for small lights, or 
quantity currents for large ones. Two types of this ma- 
chine are now manufactured. The smaller weighs 616 lb. 
and supplies 12 candles of from 20 to 80 Carcel burners, or 
8 candles of from 40 to 50 burners. The larger machine 
weighs 990 1b., and furnishes power of 24 candles of 20 
to 30 burners, or 16 of 40 to 50. The following Table 
contains the results of some recent experiments : 








Number of Power of each 

Revolutions | Horse Power | Number of | "Light in 

per Minute. P PS- | Carcel Burners. 
1400 5 12 28.5 
1425 6 8 43.0 
1200 + 6 48.5 
1000 13 16 48.0 
1020 13 16 51.5 
1200 14 24 31.0 














With a machine especially arranged for small lights, 
there have been obtained with a speed of 1250 revolutions 
14 lights of 20 Carcel burners each, with an expendi- 
ture of power of 4.66 horse power. The candles em- 
ployed had carbons 3 mm, (.12in.) in diameter. In all 
the experiments made a much steadier light was ob- 
tained than that given by the machines employing an 
independent excitor. 

A recent application of this machine has been made on 
board the Cosmos, a ship recently built by Messrs. A. J. 
Inglis and Co., of Glasgow and Greenock, for the Messa- 
geries Fluviales & Vapor in South America for running on 
the Rivers Plate and Uruguay. The machine employed is 
capable of producing 8 small or 12 large lights, and 
running ata speed of 1500 revolutions per minute main- 
tains 8 lights of 50 Carcel powereach, with an expenditure 
of 6 horse power. The lights are distributed as follows: 
Three inthe upper saloon, three in the lower saloon, one 
on the landing of the stairway leading from the upper to 
the lower saloon, and one over the gangway. The ma- 
chine, which is fixed on deck amidships and under the 
paddle-wheel shaft, is driven by a vertical engine with 
a cylinder 44 in. indiameter and 44 in. stroke. The ex- 
perience obtained at the trial of this light was in every 
way satisfactory. 





TRACTION ENGINE. 

WE give on page 135 of the present number an engrav- 
ing showing a sido elevation of the six-horse power 
traction engine which we had occasion to mention a few 
weeks ago as being exhibited by Messrs. Wallis and 
Steevens, of Basingstoke, at the last Smithfield Show. 
As we stated in our former notice the engine is of neat 
and compact design, and the details, although not includ- 
ing any really novel points, have been well considered. 
The engine has a single cylinder 8} in. in diameter with 
10 in. stroke, and the speed of the crankshaft is 160 re- 
volutions per minute. All the gearing is of crucible 
steel, and the fast and slow speed pinions, which slide 
upon the crankshaft, are put into and out of gear by a 
couple of levers fitted with an arrangement of locking 
gear for preventing the two pinions from being put into 
gear at one time. The saddle bracket carrying the 
crankshaft bearings, &c., is of wrought iron, well bolted 
to the boiler, on which it has a large bearing surface. 
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The boiler is worked at a pressure of 125 Ib. per square 
inch, and has 4.7 square feet of firegrate area, and 107 
square feet of heating surface. The chimney is fitted 
with a valve or damper (not shown in our engravings) 
below the level of the exhaust nozzle, and which can 
be shut to prevent the emission of smoke if necessary 
on passing through a town. Of course this damper 
could not be kept closed for more than a very short 
interval, but it is found to be a very convenient addition 
in many cases where the emission of smoke would involve 
those working the engine in trouble. 

The driving wheels of the engine are 5 ft. Gin. in 
diameter by 15 in. wide in the tyre, while the leading 
wheels are 3 ft. 6 in. in diameter, with tyres 93 in. wide. 
For turning, either driving wheel can be set loose by 
drawing the driving pin. The engine is provided with 
a winding drum carrying 50 yards of steel rope, and also 
with a water lifter. 





HALL’S COAL AND COKE BREAKER. 

Tuts machine, which we illustrate on page 135, con- 
sists of a multiple action breaker, in which two vibrat- 
ing jaws are operated alternately by a double throw 
eccentric shaft through the intervention of toggle plates, 
worked opposite a fixed jaw against which the large 
pieces of coal or coke are broken and reduced to 1} in. 
cubes. When itis desired to produce a very even sample as, 
for instance, when mechanical stoking, whether for 
boilers or gas retorts, is used, it is desirable to add the 
dog-toothed crushing rollers which are carried in a 
distinct frame and suspended from the bottom of the 
breaker underneath the delivery of the jaws, thus mak- 
ing the whole self-contained and compact, and giving 
the greatest facility for removal of the rollers in case 
they are not required for certain classes of work. 

For dealing with large quantities of coal containing 
impurities rendering it unfit for coking purposes with- 
out washing, the arrangement illustrated is well adapted 
by substituting plain instead of toothed rollers. The 
machines are also well adapted for producing slack or 
= cubes for feeding Hoffman and other brick kilns. 

uch coal is largely used in our chemical works for 
making black ash balls, and for this purpose these ma- 
chines are in successful operation. They are made in 
various sizes to break from 30 to 120 tons per day down 
to } in. cubes sufficient for most manufacturing or 
chemical purposes. The rolls are driven direct by a 
heavy flywheel turned on the face, and having a belt 
passing over a small pulley on the breaker shaft with 
a tightening pulley and fork, so as to take up slack in 
the driving belt, or put any amount of driving power 
on to the rolls. 

The crushing faces are made of specially prepared 
chilling metal, and planed at the back. An improved 
buffer expanding arrangement is added to one roll, so 
that whilst sufficient pressure is put on to reduce the 
coal, &c., it will expand in case of any harder sub- 
stance getting in, such as iron, stone, &c. A similar 
provision is made with the jaws of the breaker above, 
and the arrangement has been found to answer well in 
practice. 

The smaller sizes are well calculated to utilise the 
enormous heaps of coke at all large gas works by making 
it a marketable commodity for smiths’ fires and various 
other uses in engineers’, boiler-makers’, and cutlers’ 
shops, 








NOTES FROM THE NORTH. 

Guiascow, Wednesday. 
Glasgow Pig-fron Market.—The warrant market was 
again strong last Thursday, apd a heavy speculative 
business was done, the prices closing at the best point, 
which was 2s. over the close on the previous day, and 3s. 3d. 
over the lowest quotation during the week. Business 
opened at 66s. cash, or 3d. under Wednesday’s close ; but 
prices advanced to 67s. 6d. cash and from 67s. to 68s. one 
month, sellers at the close at the higher quotations, and 
buyers offering lid. per ton less. In the afternoon there 
was a further improvement from 67s. 7d. to 68s. 3d. cash, 

and from 68s. to 68s. 74d. one month, the market closin; 

with buyers at 68s. 3d. cash and 68s. 74d. one month, an 
sellers holding out for 3d. per ton higher. Friday’s market 
was also strong, and prices had a further advance of fully 
1s. per ton, the market closing 4s. 6d. over the lowest 
quotation of the week, and 1s. 44d. over the previous week’s 
closing price. There were transactions during the forenoon 
at from 68s. 104d. to 69s. 74d. cash, and from 69s. 3d. to 
70s. one month ; buyers at the close offering 69s. cash and 
69s. 6d. one month, and sellers asking 14d. per ton more. 
The afternoon quotations ranged from 69s. to 69s. 6d. cash, 
and from 69s. 4}d. to 70s. 14d. one month, the close being— 
buyers, 69s. 44d. and 69s. 9d. cash and one month respec- 
tively, and sellers 13d. higher per ton. The price of 
Garthsherrie and Eglinton No. 1 iron was advanced 3s. 
per ton, and Coltness and several other brands were raised 
2s. 6d. per ton. In consequence of the unfavourable nature 
of the reports received from America the market was dull 
at the opening on Monday, and there was a decline at one 
time to the extent of 2s. 14d. per ton; but the closing 
quotations were firm, and the loss, as compared with last 
week’s close, was 1s. 44d. per ton. The forenoon market 
opened with business done at 69s. (a decline of 6d.), and 
thence fell to 67s. 44d., recovering to 67s. 9d. cash ; and 
the month’s quotations ranged from 70s. to 68s. Firmer 


prices ruled in the afternoon, the range being from 683. to 
68s. 3d cash and from 68s. 14d. to 68s. 44d. one month, 





the market closing with buyers at 68s. cash and 68s. 4$d. one 
month, and sellers asking 14d. more per ton. The warrant 
market was fully stronger when it was 
known that last week’s returns of the pig iron ship- 
ments were very large, and at one time the quotations 
were 1s. dearer, but the close was less firm; there 
was, however, a gain of 6d. over Monday’s close. 
In the forenoon business was done at from 68s. to 69s. 14d. 
cash and up to 69s. 6d. one month, the market closing with 
sellers at 68s. 11d. cash and 69s. 4d. one month, and 
buyers near. Prices ranged in the afternoon from 68s. 9d. 
to 68s. 74d. cash and from 69s. to 68s. 9d. fourteen days, 
the close being, buyers at 68s. 6d. cash and 68s. 10}d. one 
month, and sellers asking 1}d. per ton higher. The market 
was steady this forenoon, when business was done at from 
68s. 3d. to 683. 74d. cash, and at 68s. 7}d. to 69s. one 
month, —_ with sellers at the top prices, and buyers 
very near. The market opened quiet in the afternoon— 
buyers at 68s. 6d. cash and sellers 14d. per ton more. The 
disorganisation of the market witnessed during the past 
week is attributed in a great measure to the heavy reduc- 
tion in the price of Gartsherrie iron in the early part of 
the week, a reduction which the makers of other brands 
looked upon as quite uncalled for, but which, to a certain 
extent, they considered themselves bound tofollow. It was 
also partly due to the increased buying on American ac- 
count, and to the speculation to which it gave rise. It 
would now seem that the position of the Glasgow market 
depends very much on what America may require from us. 
Her wants are still extensive, and the present indications 
are in favour of further large purchases being made. 
Several additional vessels have recently been fixed to take 
cargoes of pig iron to United States ports. Other three 
blast furnaces were put in operation during the past week, 
thereby bringing the number blowing up to 111, as com- 
pared with 87 at the same time last year. The stock of 
pig iron in Messrs. Connal and Co.’s warrant stores at the 
end of last week was 439,001 tons, thus showing an increase 
for the week of 3463 tons. Last week’s shipments of pig 
iron from all Scotch ports amounted to 14,150 tons, as 
compared with 6139 in the corresponding week of last 
year. 


Machinery and other Exports.—The forward shipments 
of machinery. &c*, from the Clyde reported last week, in- 
cluded the following: Sugar-making, agricultural, and 
other machinery, chiefly for Rio de Janeiro and Demerara, 
10,0001. ; manufactured iron for Calcutta, Rio de Janeiro, 
Mediterranean ports, Spain, &c., 19,0001.; sewing ma- 
chines for Bordeaux, Rouen, Rio, and Mediterranean ports, 
&c., 85001. ; railway sleepers for Monte Video, 23547. 


Institution of Engineers and Shipbuilders. —The 
Graduates’ Section of the Institution of Engineers and 
Shipbuilders in Scotland held their ordinary monthly meet- 
ing last night, when Mr. John F. Miller, President, 
occupied the chair. Discussion was resumed on the paper 
 d r. James Meldrum, C.E., on the probable causes of the 

ay Bridge accident. The author combatted the theory 
that the north side of the bridge first gave way. It was 
most extraordinary that the girders should have been so 
much broken, for however much good wrought iron might 
have been twisted, it should not have been fractured by 
such a fall. Mr. St. John Vincent Day, who was present 
by invitation, referred to several of the defects in the 
structure of the bridge, mentioning that all the holes were 
too wide for the bolts, and that the columns, instead of 
being filled with po concrete, were filled with a sub- 
stance which included shavings, pieces of wood, and bits of 
iron bolts. Other speakers followed, and at the close Mr. 
Meldrum received a hearty vote of thanks for his paper. 


Mr. James Nasmyth, F.R.S., and the Watt Institution, 
Edinburgh.—Lord Shand, President of the Watt Institu- 
tion and School of Arts, Edinburgh, has just received a 
donation of 1001. towards the funds of the Institution from 
Mr. James Nasmyth, F.R.S., the inventor of the steam 
hammer, formerly of Patricroft, Manchester, and now of 
Hammerfield, Penshurst, Kent. Mr. Nasmyth speaks of 
himself as a native of Edinburgh, and one of the earliest 
students of the School of Arts. It may further be mentioned 
that, in the present circumstances of the Institution, the 
members of the Watt Club (mainly composed of former 
students), recognising the necessity for an increased annual 
income in order to meet the expense caused by the recent 
great accession of students, have offered their services to 
endeavour to raise the subscriptions to not less than 10001. 
a year until the school shall be taken over as pro by 
the Heriot Trust. Such efforts will have the cordial sym- 
pathy of all who recognise the ever increasing necessity for 
securing to the artisan population adequate means of 
technical education and general self improvement. 


Professor A. B. W. Kennedy on the Manufacture of 
Steel. —Yesterday evening, under the auspices of the 
Philosophical Institution, Edinburgh, Professor Alex. 
RB. W. Eenacly, University College, London, delivered the 
first of two lectures on ‘‘ The ones A and Manufacture of 
Steel.’”” The lecture was illustrated by means of a number 
of diagrams and specimens. It was announced that Pro- 
fessor Kennedy’s second lecture, which is to be on the modern 
** mild steel’ and its manufacture, would be given to-morrow 
(Thursday) evening. 

Mr. Robert Dundas, C.E.—After spending nine years’ ser- 
vice as engineer’over the Paisley and Kilmarnock joint lines, 
Mr. Robert Dundas, C.E., has been —— resident en- 
gineer of the southern division of the Caledonian Railway. 
By way of showing their respect for him on the occasion of 
leaving that service, a large number of the officers and 
friends of the joint lines entertained Mr. Dundas to dinner 
last Friday evening in the Royal Hotel, Glasgow. 

al Scottish Society of Arts—This Society met on 
monde night—Mr. Alan Brebner, vice-president, in the 
chair—when a communication was made by Mr. Alan 
Macdongal ‘‘ On American Wind and Pumping Engines, 








and Frost-Proof Tanks.’’ A communication was also made 
by Mr. E. Sang, ‘‘ On Aids to Orthographic Drawing.” 
The Dundee High Level Railway.—A special committee 
appointed by the Dundee Police Commission some time ago to 
consider and report upon the Caledonian Railway Company’s 
proposed high-level railway in the northern part of the 
town, have resolved to petition against the Bill authorising 
its construction. Opposition is also to be given by the Town 
Council and by the Water and Gas Commissioners. 





NOTES FROM THE SOUTH-WEST. 

_ Newport.—Trade is increasing at this port. Such lively 
times have not been known for several years. Steamers 
have to leave the dock and unload iron ore at the 
wharves. The enlargement of the Alexandra Dock is a 
pressing necessity. Freights are brisk for the West Indies, 
the Brazils, the West Coast, and eastern ports; but 
American iron freights are a little slacker, in consequence 
of the large quantity of tonnage in the market. Mediter- 
ranean coal freights are somewhat easier. Prices of coal 
are firm. The exports of coal to foreign ports last week 
reached 19,896 tons, as compared with 19,469 tons in the 
previous week. Of iron 5097 tons last week were exported, 
as compared with 2432 tons in the previous week. The 
imports of iron ore last week were 9432 tons; in the 
previous week 11,375 tons. 


Cardiff.—There is a strong sagronien pmones buyers 
of coal at this port that prices will suddenly make a great 
—_ upwards, and they are, therefore, anxious to p 
orders for forward shipments. House coal is still in great 
demand, and the collieries are taxed to keep up the supply, 
especially for small lumps. Prices during the week were 
firm all round, and in some cases from 3d. to 6d. per ton 
more wasobtained. The iron exports were better by about 
1580 tons, the following having left: Rails to Portland, 
1650 tons, sent by the Rhymney Iron Company ; to Iquique, 
375 tons, by the same company; to Iquique, 15 tons, by 
Messrs. Strich and Sons ; to Baltimore, 1103 tons, by Mr. 
J. Laughland ; to Smyrna, 190 tons, by the Llynvi Iron 
Company; bars to Huelva, 47 tons, by Messrs. Co 
Brothers ; to Bilbao, 5 tons, by the same firm; total, 
3385 tons. Several large lots are waiting shipment. After 
a lull of some months the patent fuel trade is again show- 
ing an improvement. 


Bristol Steam Navigation Company.—The Bristol 
Steam Navigation Company intend to considerably extend 
the scope of their operations, by the employment of re od 
steamers, and by running to any ports for which freights 
can be obtained. One large steamer has already been 
purchased, and is nowon her vo home from Calcutta, and 
negotiations are in progress for the purchase of others. It 
is not the intention to identify the company with any par- 
ticular ‘‘line,’”’ but to whatever part of the world paying 
freights can be secured there, their vessels will run. 


Swansea New Dock.—It has been decided to set apart 
Easter oe J as a public holiday in Swansea to celebrate 
the laying of the central stone of the new East Dock. The 
ceremony will be performed by Mr. H. H. Vivian, M.P., 
who will be supported on the occasion by the Duke of 
Beaufort, the Karl of Jersey, the chairman of several large 
railway companies, &c. 

Swansea.— Not for some years has the steam coal trade of 
this port been so active. The drops in both docks have 
been we night and day without intermission. The 
appliances of the railway companies are overtaxed, and it 
is apparent that more power, manual snd mechanical, is 
wanted to meet the requirements of the various shippers. 
Coal is plentiful, but delay arises in getting it down to the 
respective docks. A slight advance has taken place, but 
only to the extent of 3d. or 6d. per ton. Iron remains un- 
altered, with a downward tendency. Tin plates are firm. 
The import trade in iron ore has been brisk, several large 
steamers having arrived during the week. 








Oxp Ratts In Russta.—The directors of the Kharkow 
and Nicolaiew Railway have invited offers for the purchase 
of between 80,000 and 100,000 tons of old iron rails. 





THE Buznos AyrREs ExuHIBITION.—The following are 
the principal regulations affecting exhibitors at the forth- 
coming South American Industrial Exhiibtion to be held in 
Buenos Ayres in 1880: 1. The Exhibition will be opened on 
the 15th September and closed on the 15th December, 1880. 
2. Foreign exhibitors of industrial, agricultural, and all other 
machinery, suitable for the requirements of this country, 
admitted in accordance with the regulations of the Exhibi- 
tion. 3. Applications me ene required must be made on or 
before the 1st of May, 1880, ad , Al Presidente dela 
Comision Esposicion, Secretaria de Club Industrial, Buenos 
Aires. 4. The charge to foreign exhibitors will be 5 dols. 
(1l. sterling) per square metre. 5. Articles intended for ex- 
hibition will be admitted from the 15th of June to 15th of 
August, 1880. 6. Noarticles presented for exhibition can be 
removed until the close of the Exhibition. 7. All articles ex- 
hibited must figure under the name of the ies soliciting 
their ission, and any prizes awarded be given in the 
same name, 8. Exhibitors may inscribe the names of the 
manufacturers or ageuts on the s exhibited as well as 
their own. 9. All goods intended for the Exhibition will be, 
admitted by the Customs free of duty, but must come 
expressly for the Exhibition, and as a guarantee that such 
is the case, each lot-of goods must come accompanied by a 
certificate from the Argentine Consul at port of ship- 
ment. 10. All goods not reshipped after the close of the 
Exhibition must pay the customary duties. Forms of ap- 
plication for space may be obtained at the office of the 
Argentine Consulate General in London, 19, Craven-street, 
Strand, and to the Argentine consuls in the principal cities 
of the Empire. ; 
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THE EXPLOSION OF THE 38-TON GUN. 
Some further Remarks on the Bursting of the 
** Thunderer’s”’ Gun. 
By S1r WILLIAM PALLISER. 

We have received the following communication from Sir 
William Palliser upon the explosion of the 38-ton gun on 
board the Thunderer : 

‘* The report and verdict of the Committee which sat at 
Malta were wholly based upen the assumption that a gun, | 


by any possibility have been due to any other cause than 
the presence of a second projectile, the Committee had no 
other alternative than to admit the possibility of the ex- 
traordinary circumstance attendant upon the double-loading 
of such a large gun, and to reject the direct evidence of the 
officers. 

‘* It was evident that the wads placed in the 38-ton gun 
| on the 16th inst. were blown out by the flash of the powder 
before they had been overtaken by the projectile, and there- 
fore the jamming theory has only been partially tried. 


when fired, can only be burst by the direct internal pres- ** A scientific witness, who went out to Malta for the 


sure of the fired gunpowder, and that since the charge of 
powder is situated in rear of the shot, the commencement of 
the burst must likewise be situated in rearof the shot. While 
using it as the basis of their arguments, the Committee did 
not actually enunciate the above assumption, for they con- 
sidered it to be so self-evident an axiom as not to require 
proof or even statement, and, having observed certain 
marks in the bore, situated in rear of the commencement | 
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purpose of giving evidence before the Committee, on being 
asked whether any damage would be caused to the gun by 
a shell jamming in the bore on a papier-mache wad, re- 


plied (Answer 485), ‘‘ Most certainly not ;”’ and the Com- 
mittee, by their remarks (Par. 31), implied that they were 
likewise of the same opinion. 

‘*In view of all the circumstances of the case, it would 
appear to be most desirable that a considerable number of 
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the stud. An examination of the stud will show that there 
is no step, and that the wear has been quite flush with the 
body of the shell. 

“If the stud had jammed, the front part of the rib 
would have been pressed with great violence upon a sub- 
stance which offers great resistance to compression, viz., 
hard papier-mache, and the rib would not only have been 
pressed down, but would have me wider at the front 
part. An examination of the stud will show that this is 
the case to a remarkable degree, and that the front of the 
rib is flattened out. 

**There can thus be no doubt but that the stud came 
from a common shell, that it was in one of the bottom 
grooves, and that it had been subjected to an immense 
pressure on its upper surface before it left the shell. 

“*T have made a series of experiments by firing two 64- 
pounder converted (Palliser) guns with double charges, and 
measurements have been taken of the bore of one gun after 








each round. One gun has fired six and the other four rounds 
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of the burst, they were driven to the conclusion that there 
must have been a second projectile in the gun, and _ there- 
fore, discarding all other solutions, they adopted the double- 
loading theory as the only one possible. [See Report of 
Committee sent 13th February, 1879. Par. 22, page 8, 
lines 11, 12, 13, and 31, 32, 33, and 34. Par. 30, page 10, 
lines 51 and 52. Par. 31, page 11, lines 9, 10, 11, 12, 13, 
14, 15, 16, and par. 36, page 13). 

Since the above report was written, the results of ex- 
periments with b 8, burst by the jamming of elongated 
iron projectiles, prove conclusively that the Committee were 
wholly mistaken in their assumption, and, consequently, 
that all the careful reasoning so powerfully accumulated 
upon it is of little value. careful examination of the 
burst barrels will show that, in each case, the burst com- 
menced in front of the projectile and, consequently, that 
the marks which determined the Committee’s verdict are, 
at least, as reconcileable with the jamming as with the 
double-loading theory. In view of the altered circumstances 
of the case [ submit that it is at all events as reasonable to 
assume that owing to the very heavy ramming which it 
was known to have received from the hydraulic rammer, 
the full pressure of which amounted to near four tons, the 
wad had been beaten into the shape of a saucer against 
the conical head of the shell in rear of it, and consequently 
(as it no longer fitted the bore) that it had fallen down in 
front of the projectile, as it is to assume that the gan had 
been loaded twice over and fired. The latter assumption 
necessitates (a) that the gun had missed fire, and that the 
crew had not noticed it ; (4) that the absence of recoil had 
also not been noticed ; (c) that the gun had been drawn 
back by an inadvertent use of the hydraulic lever; (d) that 
when the gun was sponged out the existence inside the 
bore of a charge 5 ft. 4in. long had not been noticed ; (e) 
that a second charge 5 ft. 2 in. long was then rammed on 
the top of the first, making the total length of the charges 
10 ft. Gin., without such a mistake having been observed. 

** Moreover, the officers of H.M.S. Thunderer, whose 
duty it was to watch the practice, stated most positively in 
their evidence, that the gan did not miss fire, as they saw 
the shot from it strike the water near the target. 

**It is true that some negative evidence was subsequently 
brought forward to a contrary effect. Negative evidence 
is, however, of little value as compared with direct and 
positive evidence. 

** Under the belief that the marks in the gun could not 





' rounds should be fired from a 


gan, with wads placed! in 
various pusitions in front of the projectile. Each wad 
should be placed so that the flash of the discharge should 
act on the edge, not on the surface of the wad; for if the 
Committee be right in their belief, no harm could result ; 
and farther, if the use Of a papier-mache wad in front 
of the projectile is to be continued in heavy guns, it would 
be well to ascertain by experiment whether a projectile can 
be made to jam upon it, and, if so, what the effect 
would be. 

‘*I wish to draw attention to the following additional 
points connected with the recovered stud which corroborate 
my previous proof that the stud found in the turret of 
H.M.S. Thunderer had belonged to a common shell and 
that it had jammed on the wad. 

**The studs in the Palliser shell are placed in part of 
the body where the diameter is less than at either extremity 
thereof, consequently, when the shell is fired the wear of 
the grooves forms a “‘step’’ upon the driving side of the 
rib of the stud. There is no “‘ step’’ on the driving side of 
the rib of the recovered stud. No doubt owing to the fact 
that the shell had only passed along some 5 ft. of the bore 
and owing to the twist of the rifling being slow there, the 
step or mark on the driving edge would have been slight ; 
but it would have been at all events visible, and for the 
following reason: Even in guns rifled with an accelerated 
twist the first pressure on the driving side is considerable, 
because, in loading, the stud hugs the reverse side of the 
groove, and, consequently, when the gun is fired it does 
not come into contact with the driving side until the shot 
has advanced a certain distance up the bore, and until a 
certain amount of velocity has been accumulated. The 
first contact, therefore, between the stud and the groove 
partakes of the nature ofa blow. In any case the pressure 
on the groove is caused by, and is proportional to, the 
pressure on the bare of the shot, at it is therefore con- 
siderable at first starting. It follows that the mark of the 
ep | would have shown, at all events, a slight step on 
the driving edge of the rib had the stad come from a 
Palliser shed. 

** If the stud had belonged to a common shell and if it 
had jammed on a wad it would have been situated in one of 
the grooves at the lower part of the bore at the point of 
impact on the wad. The body of the common shell would 


have been in close contact with the bore at the lower side 
thereof, and consequently there would be no “ step’’ upon 








of double charges. Owing to the plastic nature of the coile d 
wrought-iron barrel, the pressure of each forward charg? 
es enlarged or bulged the bore of the gun. It wil 
seen that the bulges are situated immediately above the 

place occupied by the powder charges and altogether in 
rear of the base of the projectile, and these bulges show 
that in each case the front charge had been fired and that 
the maximum — had become developed before the 
front projectile had perceptibly moved. {nthe Thunderer’s 
gun, on the contrary, the burst is situated at a point con- 
siderably in advance of the place where the second charge 
would have been had it been rammed home. If, therefore, 
there had been two charges in the gun, the second charge 
could not have been rammed home upon the first. It is, 
however, in evidence that the charge had been well rammed 
several times, consequently the double loading theory must 
be rejected. ; : 

** Thus taking all the facts of the case into consideration 
it would appear that the only and the true solution of the 
question must be that the shell jammed upon the wad.” 








ON BROWN’S TRAMWAY LOCOMOTIVE.* 
By Mr. B. C. Browns, of Newcastle-on-Tyne. 
(Concluded from page 99.) , 

IV. Working Cost.—As regards cost of working there 
is not yet any actual experience in England. In Strasburg, 
where each engine draws at different times two, three, and 
frequently four cars, it is considered that, since a suffi- 
cient number of horses would have to be kept to work the 
maximum traffic, the comparison between the cost of 
engine power and of horse power is very tly in favour 
of the former; and that even where a fixed and regular 
traffic exists the cost of engine power is much less than 
that of horses. : 

It will require the experience of many years to arrive 
at anything like exact figures as to working cost. During 
a great part of the time for which these engines have been 
running they have been only feeling the way. The advan- 
tage of mechanical traction varies greatly with the nature 
of the traffic. When this is subject to great fluctuations, 
as in the case of Strasburg just mentioned, mechanical 
traction isenormously cheaper than animal traction ; but 
on lines where the traffic is less fluctuating, and the ser- 


® Paper read before the Institution of Mechanical Engi- 
neers. 
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vice can be carried on by one-horse cars in rapid succession, 
the advantage of mechanical traction in the shape of a 
locomotive is less apparent. In such cases the combined 
car and engine athe probably be more advantageous. On 
the other hand in cases of heavy gradients the advantage 
of mechanical traction is very great, as long heavy gradients 
are very ruinous to the cattle. 
In Strasburg the company has twelve engines of No. II. 
During the week six to eight engines are at work ; 
but on Sundays often the whole twelve are running, as the 
traffic on the week days does not average more than 40 per 
cent. of the Sunday traffic. The consumption of fuel and 
oil, as well as the distance run, during four months in 1878, 
is shown in the annexed Table taken from the books of 
the company. 


























Fuel, including Lubricating 3 as 
getting up Steam. Material. ¢. =a 
Ss |. 5 
MonTH. l Ag |9 & 
Coke. | Coals. | Oil. | Tallow. a2 ue 

Pound | Pound | Pound | Pound| @ 26 

per per per per 25 z Pe 
Hour. | Day. Day. Day. Se iz 2 
August eos} 20 16 2.80 0.0 51.00 | 771 
September ...| 23 67.20 2.25 1.06 49.20 | 680 
October 25.25 70.25 2.96 1.13 48.50 | 604 
November .,.| 30.50 83 3.30 0.81 44.80 | 560 
Mean 24.68 50.11 2.82 0.75 48.87 | 654 























The cost of working per day is as under, according to the 
books of the Strasburg Company : 


Marks or 

Shillings. 
Amortisation and interest 4.80 
Repairs and cleaning... 3.81 
Coke and coal oon ose 5.00 
Oil, tallow, and packing ... pom 1.50 
Wages of driver ... aa oe 4.80 
Total 19.91 


This is equivalent to about 1l. for 50 miles, or about 
5d. per mile. 

The arrangements at Strasburg for repairing and for 
conducting the traffic are very complete, and under good 
control. The engines are regularly washed out at short 
intervals, and the smallest defects are made good imme- 
diately. The want of the above arrangements, together 
with a bad line, have been the cause of the abandonment of 
more than one attempt at introducing steam traction. 

It is necessary to have from one-fourth to one-third more 
engines than are daily at work, so that repairs, washing 
out, cleaning, &c., may be done thoroughly, and also as 
a reserve for contingencies; and assuming this, the cost 
of working six engines daily with two in reserve would be 
as under, taking the prices of Strasburg as correct : 





Marks or 

Shillings. 
Amortisation and interest on 8 engines, at 4.80 38.40 
Eight drivers eco «is oe = 55 4.80 38.40 
Repairs, cleaning, &c., for 8 engines ,, 3.81 30.48 
Coke and coals " A », 5.00 30.00 
Oil and tallow es » 150 9.50 
146.28 


Hence the daily cost for six engines in service and two 
in reserve is per engine working we = 24.38s., or say 


6d. per mile. 

In case of the reserve engines being occasionally in 
service, the daily cost per engine would be somewhat less. 

The above refers to Strasburg where the number of miles 
run is small. We will now take another case, that of the 
Hamburg and Wandsbeck Tramway, where the service is 
more severe, the line in bad order, and the means of repair- 
ing very scanty; here each engine has to run 81 miles per 
day with two cars, or has 10 double trips per day. The 
consumption is 670 lb. of gas coke per day, costing 6s. 
The daily outlay is as under : 








Marks or 

Shillings. 
1. Amortisation and interest ois 5.35 
2. Repairs and cleaning ... .50 
3. Driver ... pe eee eve 4.50 
4. Boy to help ove * 2.00 
5. Fue tte os ooo = 6.00 
6. Oil and tallow ... eee 1.70 
Total, without reserve engines ... 24.05 

For the reserve engines must added 

334 per cent. of the first four items, or 5.45 
Daily outlay, including reserve engines 29.50 


his is equivalent to 4}d. per mile only. 
_ We may compare the above with the cost of working the 
line with animal traction, which for 1877, according to the 
report of the company, was as under : 


Marks or 
Shillings. 
Stable staff a sie ae «» 58,585.25 

» working expenses, cleaning, 

&e. a ann a oe Ss 7,911.35 
Oats 77,205.87 
Maize 96,063.39 
Hay oe as 54,629.86 
Sundry forage ... 29,066.95 
— , ae ie a oe 

wdust ... ‘ 12,269.00 
Shoeing ... " 24,477.15 

nes m 4,892.30 








Marks or 

Depreciation of horses... so eo» 97,624, ’ 

ie stable inventory 3,478.24 
Interest on the value of horses, 5 per 

cent, on 244,900 oes eco ee 12,245.00 

Gross total without drivers... 439,713.50 

Deduct the value of the manure 10,583.76 

Net total without drivers ... 429,129.74 


For the year 1877 the total number of double trips made 
amounted to 118,911; so that we have : 


Marks or 

Shillings. 
Cost per double trip without driver 3.698 
Add cost of driver per double trip 0.375 


Total per double trip eee ms 4.07 

Hence, 10 double trips (following the mode of calculating 
for steam traction) would cost per day with animal traction 
40.70 shillings, or 38 per cent. more than the cost with 
steam (29.50s.). There is the further advantage with 
steam traction of being able to haul more than one car at a 
time, which is not en into consideration in the above 
calculations. To make the difference clear, the greatest 
number of persons carried at one time with horse traction 
would not exceed 50 to 60, whilst with steam traction 100 to 
120 persons in two cars is not at all an uncommon number. 
In Strasburg 200 to 250 passengers have often been carried 
in one train of four ears. Taking into consideration the 
ease with which two double-storied cars, fully loaded, can 
be hauled by engine power, even on steep inclines, the 
i advantage of mechanical traction is very appa- 
rent. us : 


Marks or 
Shillings. 
Two cars with animal traction cost per 
diem 40.70X2= ... » pee ae - 
Two cars with engine tractioncost .. 29.50 
Difference in favour of engine ... 51.90 


In the above sum the outlay for conductors, car capital, 
and repairs of cars, &c., is not included, being the same in 
both cases. 

According to later data obtained at Strasburg for a 
er extending over a year’s working, the result is as 
under : 

Repairs* per day and per engine, 4.60 marks. 

a work per engine per month 1800 kilos, or 1100 

miles. 

Average number of days’ service per month 19 to 20. 

Average consumption of coke 1.60 kg. per kilo. or 

5.75 lb. per mile. 

Lowest pengine of coke 1.35 kg. per kilo. or 4.70 lb. 

per mile. 

Lubricating material per day and per engine 2.24 lb. 

a 7% tons to 16 tons over gradients up 

in . 

Average speed 7} miles per hour including stoppages. 

In Hamburg the average load hauled is 15 tons over ver. 
undulating ground with few level stretches, and wit 
gradients varying from 1 in 100 to 1 in 33. In Brussels, 
Turin, Florence, and Madrid, engines of No. II. size work 
inclines up to lin 15; and in Geneva a No. I. engine 
works regularly on a long gradient of 1 in 18, on which the 
rolling resistance is so great, in consequence of the sharp 
curves and the excessively dirty state of the rails, that it is 
often necessary to use steam even when descending. The 
load hauled is about 7 tons. 

The number of engines actually built and at work up to 
the end of 1879 was 65, and about 20 more were then in 
course of construction. The oldest engine has been run- 
ning at Geneva for about 2} years. The ave running 
consumption of coke with these engines, excluding the 
getting up of steam, is on level roads 1 kg. per kilometre, 
or 3.6 lb. per mile, with an average load of 10 tons, and a 
speed of 74 miles per hour including stoppages. 

V. Comparison with other Systems.—The established 
_ of tramway engines naturally divide themselves into 
three classes: 1. The independent locomotive class; 2. 
The fireless locomotive, using steam; 3. The compressed 
air engine. There are also gas engines, &c., but none of 
these are before the public. The two last classes have in 
common the fact that they require to work from a fixed 
base, and the whole history of the railway system goes to 
show that in the long run, wherever they compete on equal 
terms, the self-contained locomotive is more economical 
and more efficient than any arrangement which involves 
stationary plant. As regards the fireless locomotive, many 
of the advantages claimed for it are also possessed by the 
Brown locomotive, since that also carries steam at a high 

ressure, and only needs attention to fire and water at 
ong intervals. No doubt in places such as docks and 
warehouses, where fire is absolutely forbidden, the fireless 
locomotive would be valuable ; and, to carry out the same 
principle, among bales of cotton, in grain warehouses, or 
other places where steam or yor any kind is objection- 
able, compressed air will be the obvious motive power. 
Compressed air will also probably be the motive power 
underground, ; ; 

As regards the advantage of a combined car and engine, 
probably, when all is considered, the —_ real advantage 
in favour of the combination is that of additional adhesion ; 
and this is only obtained either by coupling — wheels 
together, which is inconvenient in tramway work, or b 
putting more weight on each wheel, which is looked on wit 

* These include renewal of a number of. , Some new 
springs, and some small alterations, especially in the con- 
struction of the connecting and coupling rod ends. These 
items, which will not pee erm make the cost of repairs 
higher than in the first ions, 








ill favour by the owners of tramways, whose roads are 
generally unfit for any additional load. Still there are 
cases where this construction seems advisable ; or rather, 
perhaps, the adoption of some of the arrangements by 
which the -— of one end of the car is borne by the 
engine. Mr. Charles Brown has built cars on this principle, 
where the car is the engine at one end and by a 
bogie at the other. There are several admitted drawbacks 
to a combined car and engine, ¢e.g., that any repairs to the 
engine lay the car also off work, that the car has to go into 
the workshops where it is liable AJ dirty, that different 
descriptions of cars cannot be for different occasions 
without great extra outlay in plant, that each engine can 
only take one car, and that the combined engine and car is 
very troublesome and heavy if it gets off the line. Nor is 
there any obvious saving in first cost. 

Lastly, we have to consider simple tramway locomotives. 
Both theory. and fe pe show that in many points we 
must not be too closely confined by the recognised tradi- 
tions of locomotive work. Possibly even in ordinary tank 
locomotives, for slow speeds and bad roads, there is too 
much resemblance in detail to the strong and comparativel 
rigid main line engine, designed for good roads and hig 
speeds. A light tramway engine cannot afford to depart 
from the most favourable conditions for traction and self- 
preservation ; thus in the Brown engine the arrangements 
of the springs and axle-boxes are designed with the view 
of keeping the four wheels constantly on the road, and of 
making the engine run smoothly. Similarly the other 
parts, as described above, are all consi with a view to 
the special requirements of the work to be done. In fact 
daily experience seems to s t, not that tramway 
engines will return to the type of the common locomotive, 
but rather that in many cases several of the special features 
of the Brown tramway engine may not impossibly be 
adopted with advantage in some of the classes of engines 
designed for railway work. 


THE HARDENING OF IRON AND STEEL, 
On Hardening Iron and Steel ; its Causes and Effects.* 





(Continued from page 78.) 
The Intimate Causes of Hardening.— After having now 
discussed in detail the effects of hardening on the different 


varieties of iron and steel, we shall now, in conclusion, 
endeavour to ascertain the intimate causes of these effects. 
That they increase with the rapidity of cooling, and thus 
are a consequence thereof, has been already shown, but the 
question is how the rapidity of cooling can produce such 
effects. The hypothesis that is still most common is that 
which assumes that a rapid cooling gives us the status quo, 
or the state into which the substance was brought by the 
heating which immediately preceded the rapid cooling, and 
the action of the hardening would in such a case only be a 
result of the heating itself, inasmuch as the rapid coo. 
only, so to say, fixed the warm condition, or, in other 
words, made it ible for the substance, even in a cold 
state, to show itself as it was during the heating. During 
slow cooling, on the other hand, the molecules would have 
opportunity to group themselves in a more talline 
manner, and hence the coarser grain. Butif the molecules 
can move about in this way during the cooling, they may 
well do so to a still greater extent at the highest tempera- 
ture to which the substance has been heated, for this group- 
ing of the molecules is rendered possible just by the soften- 
ing to a greater or less degree which the heating causes in 
the iron, and the softening is naturally greater the higher 
the temperature is. 

As it now been discovered that various crystallised 
precious stones may be artificially produced, and that the 
main condition for this is to keep the requisite raw 
materials uninterruptedly for a long time at a certain high 
temperature, and afterwards allow them to cool slowly, but 
that this object, on the other hand, can certainly not be 
attained by merely heating the materials quite hastily to 
the same temperature, and afterwards allowing them to 
cool slowly, the time appears also to be come for abandon- 
ing the view that the slow cooling from a certain degree of 
heating produces a disposition to crystallisation that did 
not exist at the highest temperature. Another striking 

roof of the unwarrantable nature of this view also is to be 
ound in the fact already stated, that a white pig, poor in 
manganese and sulphur, but somewhat rich in carbon, may, 
by sufficiently long-continued heating to a yellow heat, be 
converted without fusion into grey. Such a c , on 
the other hand, is not produced merely by a short heating 
to a yellow heat with slow cooling supervening, and it is 
therefore clear that it is not so much the s ing as 
the continuous intense heating which brings about the 
molecular change in question. 

The too common view of the status quo cannot thus in 
this case be maintained, but instead a satisfactory expla- 
nation of the phenomena of hardening appears to be 
obtained b: — that the compression on fo’ 
together of the substance dependent on the rapidity of cool- 
ing | er og the changes in it which are brought about by 
hardening. The reasons for the correctness of this view 
are, as we shall now see, many and % 

That, first of all, a violent compression must in such a case 
take place is self-evident, for we have now to do witha 
— ted from without, which therefore, at least when 
the heating has not been of all the longer duration, “—* 
be warmer in the outer than in the inner layers. en 
now this body by dipping in a hardening fluid, or in some 
other way, is emeaett toa rapid cooling action from withou' 
the —. la: first, and the difference 0 


tem m the outer and the inner layers is 
ter the whole way through in the same 


pera’ 
m as 
he method of cooling is more powerful. And the cooli 
is accomplished by compressing or forcing together, 
* Paper taken as read at the Liverpool meeting of the 
Iron and Steel Institute. 
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the more the outer layers have been cooled in proportion 
to the inner, with the greater compressing force must the 
former work upon the latter, which by their resistance 
react upon the outer layers. 

The congueming force is, however, by no means ex- 
clusively dependent on the rapidity of cooling, but also on 
the compactness of the material. For the smaller this is 
the more ily does the material allow itself to be com- 
pressed, and the less accordingly becomes the resistance 
which the interior develops against a certain compressing 
force, so that no great resistance is ever experienced in 
such a case. Inthis way is explained the fact, which has 
already been pointed out, that the effect of ening is 
greater on the compact ingot-iron than on the weld-iron, 
which is looser in itsstructure. Further, the compressing 
force is naturally in a very high ome dependent on the 


limit of elasticity of the ma’ \ the smaller this is the 
more easily are outer layers stretched by the resistance 
of the inner, and the smalier, ‘ore, is the portion of the 


contracting force which can be made available as actually 


compressing. All substances which in iron increase its 
limit of elasticity ought, therefore, to have an influence on 
its power of ing; a fact whi also been con- 


firmed by experience, inasmuch as not only carbon, but also 
manganese, silicon, and phosphorus have shown themselves 
to have some influence in this t. The action of the 
other substances, however, sree the degree of hardening is 
limited in comparison with that of carbov, and the ex- 


greater, and it is, as we shall now see, an i 
Geectins of thea fobesnen af the cue Go ths een Gao a 
The limit of elasticity and ultimate tensile strength of 
the unbardened iron increase, as we hs ve long known, and 
as Table I. shows, with ita content of combined carbon, 


with 
a gg Hay which have an influence on 
properties. iron series, 
mia aan tae nis of coolly end tan te tenaile 








the less accordingly is the weakening action which it pro- 
duces by separating the molecules of iron. When the 
content of combined carbon ex figures which under 
various circumstances approximate more or less closely to 
these limits, the tensile strength diminishes. 

If we now com with this the influence of hardenin 
as stated above, it immediately appears that it only sti 
further increases the degree of the properties just men- 
tioned as dependent on a certain content of combined 
carbon, a~ "' if the content of — —- a 
in y the hardening; and in the most comple 
correspondence with this stands the fact that the ultimate 
tensile strength is not continuously increased by the 
hardening ; but if steel with a large content of carbon be 
strongly hardened, the limit of the increase of tensile 
strength is exceeded, as is clearly shown by TableI. The 
correspondence between the action of hardening and of a 
larger content of carbon is thus manifest in this case also. 
The diminution of the tensile strength by a too stro 
hardening of a highly carbonaceous steel is, however, muc 
more rapid than the corresponding decrease i 


must 
When a iste is too 8 A, the : 
pieces in readily break in pieces of themselves. 
which again is a natural consequence of the ; 
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a lower limit of elasticity and less ultimate tensile strength 
but greater ductility than the hammered, inasmuch as 

mering in general is continued to a much lower tem- 
perature ti is common at the close of rolling; but by 
sufficiently strong ignition all the changes produced by cold 
working can, as we know, be again taken away, and the 
same, as we have seen, is the case with the corresponding 
changes caused + hardening. : 

Another proof that the effects of hardening depend on the 
oft-mentioned compression is afforded by the behaviour of 
burnt iron in ening. Burnt iron, as is well known, is 
the name given to an iron which, through too long con- 
tinued or strong heating, has had the  aaeemage | of 
assuming a talline texture, with the brittleness which 
accom ies if on account of diminished cohesion of the 

. The disposition to such a crystalline tion 
my oo in proportion as the iron is both more mixed with 
bt freer from certain substances; but the more 
i icular the more phosphorus, it contains, 
the greater is the liability of the iron to be burned, and the 
more care ought, therefore, to be taken with the heating, 
if it is not, in consequence of this distribution into crystals, 
° fall in pieces — or at Jone’ [ye onan as = 

rawing begins. An iron practically m these sub- 
stances can, without danger of burning, be heated to the 
strongest welding heat, but with an increase of carbon in 
the iron all the more care, as has been already said, must 
be observed in the heating, and this is rendered necessary 
in a much higher by an increased content of phos- 
phorus in the iron. So long as the content of carbon in the 
iron is quite small, however, this detrimental influence of 
phosphorus is still rather limited, more particularly if the 
iron contains at the same time a good deal of manganese : 
but the greater the content of carbon in the iron, the 
more is the detrimental influence of phosphorus in- 
creased, and the first requisite of a ly steel is, 
therefore, that it contains as good as no phosp 


(To be continued.) 
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IRoN SHIPBUILDING ON THE DELAWARE.—Shipbuilders 
to be tolerably well employed. We 
learn that at Mr. h’s ae olan ye fos 
Oregon Steam Navigatio m2) launch 
in th will be ‘finish in April A steamer 
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Report of the Committee of the Society of Telegraph En- 
gineers on the Birmingham Wire Gauge. London: E. 
and F. N. Spon, 1879. 

Ir appears from this pamphlet that the gauges b 

which the sizes of metal wires are defined are > 

numerous, irrational, and irregular in their nature, 
that a Committee has been appointed by the Society 
of Telegraph Engineers to inquire into the subject 
and report to the Council. The Committee con- 
sisted of Professor Abel, Mr. L. Clark, Mr. 

Siemens, Mr. W. Hall, Mr. Johnson, Mr. W. H. 

Preece, Mr. Willoughby Smith, and Mr. C. V. 

Walker, and the Council have just issued, in the 

above pamphlet, the Committee’s report, together 

with a reprint of two papers, by Mr. L. Clark, “On 
the Birmingham Wire Gauge,” read before the 

British Association at Dundee, in 1867, and at 

Exeter, in 1869, as well as a reprint of Mr. C. V. 

Walker's paper ‘‘On the Unit of the Birmingham 

Wire Gauge,” read before the Society of Telegraph 

Engineers in 1878. 

The report states that the Committee have com- 
municated with leading manufacturers and con- 
sumers of wire, and believe that there is urgent 
necessity fora standard wire gauge. This has been 
long advocated. The Board of Trade have been 
interested in the matter, and the Warden of the 
Standards, alluding to the subject, states that the 
Birmingham gauge is used in Germany, but in some 
parts the ‘‘ Bergish” gauge is used, in others the 
*‘ Dillingen” gauge. In Russia, English, German, 
and French gauges are used. In Canada a Bir- 
mingham wire gauge made by Stubs, of Warrington, 
is used. In America the BW.G. is used and also 
Stubs’ edition. 

It appears that the Birmingham gauge decreases 
in weight about 19.9 per cent. from No. 1 as the 
numbers increase, that is to say, No.2 is about 19.9 
per cent. lighter than No. 1, and so on; but this is 
not at all regular, and a line plotted with the dia- 
meters as ordinates and equal parts proportional 
for each number of gauge as abscisse, gives a very 
irregular curve. It appears too that Stubs’ gauge 
is often used in America for orders to England, and 
thus a large order was once given for metal of 36 
gauge, Had the order been executed No. 36 Bir- 
mingham wire gauge, the metal would have been 
useless, as No. 36 of Stubs’ gauge is No. 44 cf Bir- 
mingham wire gauge, and it was only just dis- 
covered in time that Stubs’ gauge was implied. 

There are several other gauges in use, such as 
Wynn’s, Cocker’s, Ryland’s, Watkins’, Robinson’s, 
and Brown and Sharpe’s American gauge, while a 
great number are also employed under the name of 
“ = old Birmingham wire gauge,” and other 
titles. 

A table attached to Mr. L. Clark’s paper gives 
the diameter of each number of Birmingham wire 
gauge in decimals of an inch, according to thirteen 
published lists by different authorities, all of which 
differ. Several new gauges have been proposed and 
urged from time to time to supersede all others. 
Mr, C. V. Walker proposed a gauge in which he 
takes as unit the 640th of an inch, No. 0 is 220 
units or 31 of an inch. Down to No, 3 the gauge 
decreases by 20 units, then it changes to a decrease 
of 10 units. At No. 11 it changes to a decrease of 
8 units. This is supposed to be a close approximation 
to the system of the original Birmingham wire gauge, 
certain discrepancies pointed out by Mr. Walker 
having crept in. Messrs. Preece and Mulloch pro- 
poseda gauge decreasing by weight. They took as unit 
25 lb, per mile and increased the gauge by regular 
increments of 25 ]b. Mr. L. Clark proposed a gauge 
decreasing as the numbers increase by 20 per cent. 
in weight, taking No. 0 as equal to one centimetre 
in diameter. Mr. Robert Briggs, of Philadelphia, 
takes 0=1 centimetre, and decreases by 10 per cent. 
in diameter as the numbers increase. Sir Joseph 
Whitworth proposes a gauge in which the sizes 
increase with the numbers and names, after the 
number of mils or thousandths of an inch in its dia- 
meter, Mr. T. Hughes, of Holywell, proposes a 
gauge formed on a mean of existing gauges, 

The report discusses the pros and cons of each pro- 
position. —The Committee recommend Mr. L. Clark’s 
proposed gauge, and that it should be called the 
British standard gauge (B.S.G.) Tables are given 
showing the diameters in mils of several of the prin- 
cipal gauges and of those proposed. ‘The one recom- 
mended has its numbers given in millimetres and 
in decimals of an inch. 








There can be little doubt that reform in this 
matter is very greatly required. For a long time 
it has been the custom in specifying the size of 
the wires for submarine cables to state, besides the 
number of the Birmingham wire gauge, the decimals 
of an inch that shall be understood by that number. 
This has been found ne on account of the 
vagueness of the meaning of the words “ Birming- 
ham wire gauge,” owing to the number of different 
interpretations of these words which have grown up 
through different manufacturers of gauges making 
them on some arbitrary principle of their own; the 
principle on which the original B.W.G. was con- 
structed, if it ever had any, having been lost in 
obscurity possibly a bad workmanship in some of 
the early gauges. ‘The decrease in diameters as the 
numbers increase is shown to be the result of the 
work of drawing the wire through successive holes, 
each draw constituting an additional . number. 
Thus No. 3 wire is that which has been drawn down 
through three holes, and this is the reason why Sir 
J. Whitworth’s gauge increasing with the diameter 
is condemned as running contrary to the process of 
manufacture. The disadvantage of Mr. Clark’s 
appears to us to be the increase of two decimal figures 
in the diameters, thus bringing the measurements 
necessary to the hundred thousandth of an inch, 
The decrease of 20 per cent. in weight from size to 
size seems however to have great advantages, and 
on the whole the Committee have made out a good 
case for the adoption of this gauge, which we trust 
we may soon see adopted by all engineers, electri- 
cians, manufacturers, and contractors in the same 
way that the B.A. units of electrical measurement 
have been adopted by nearly all the civilised world. 





Plumbing, a Text Book to the Practice of the Art or Craft 
of the Plumber, with Supplementary Chapters wpon 
ouse Drainage. By Witi1am Paton BucHAN. 
Second Edition, revised and much enlarged, with 300 
Illustrations. London: Crosby Lockwood and Co. 
Price 3s. 6d. 
This is a second edition of a book which we had 
occasion to notice favourably about three years ago 
(vide page 89 of our twenty-third volume), the work 
having been enlarged by some considerable additions 
treating of house and general drainage, and of 
water regulators or governors. The book abounds 
with good practical information, useful not only to 
those engaged professionally on architectural and 
building work, but to all who are desirous of insuring 
the proper arrangement and construction of those 
details of their dwellings of which Mr. Buchan treats 
and upon which health and comfort so much depend. 





BOOKS RECEIVED. 
Proceedings of the Association of Municipal and Sanitar 
Engineers and Surveyors. Volume V., 1878-9. Edited 

by CHAaR.es Jonzs, Assoc. Inst. C.E., Honorary General 
of the Association. London and New York: 
E. and F. N. -. 

Wood-Working Machinery, its Rise, Progress, and Con- 
struction ; with Hints on the Management of Saw Mills 
and the Economical Conversion of Timber. Illustrated 
with Examples of recent Designs by leading English, 
French, and American Engineers. By M. Powis BAuz, 
ors Memb. Inst. C.E. London: Crosby Lockwood 
and Co. 

Easy Lessons in Light. By Mrs. W. Awpry. London: 
Macmillan and Co. 

The Car Builder’s Dictionary, an Illustrated Vocabu- 
lary of Terms which designate American Railroad Cars, 
their Partsand Attachments. Compiled for the Master 
Car Builders’ Association. By Maruras N. Forney, 
M.E., assisted by LzanpDER GAREY and CALvIN A. 
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ort on feasibility of Supplyi: ristchurch 
with Water from the River Wai a through the 
ee ee as proposed by Mr. White. By 
Louis B. BLacKWELL, Assoc. M. Inst. C.E., by order of 
the City Council. Christchurch : G. Tombs Co. 

The Education of Engineers, By Henny Dyzr, C.E. 
Principal of the Imperial College of Engineering, Tokei, 
Japan. Tokei: Imperial College of Engineering. 

The Construction of Large Tunnel Shafts, a Practical 
and Theoretical Essay. By J. H. Watson Buck, 
Memb. Inst. C.E. London : Crosby Lockwood and Co. 

The Railroad Engineer’s Practice; being a Short but 
Complete Description of the Duties of the Young 
Engineer in Preliminary and Location 8, and 
in Construction. By Tuomas M. CLezman, A.M.,C.E., 
New York: George H. Frost. 





Sypnzy Warzr Supriy.—In reply to a recent question 
in the Legislative Assembly of New South W: Mr. 
said the New South Welsh Government, ha in 
view the desirability of proceeding with all reasonable 
pedition with the important works for water y 
sanctioned, had invited tenders for the construction of the 
Nepean and Cataract tunnel, which formed the principal 


portion of the Sydney water 


CANADIAN RAILWAYS.—No. XXXI. 
GREAT WESTERN OF CaNADA.—I, 

Suortiy after the opening of the Liverpool and 
Manchester Railway in England in 1830, a section 
of the Baltimore and Ohio Railway, 14 miles in 
length, was completed in America, It was worked 
at ¢ horse power, but the next year a loco- 
motive, the first of Transatlantic manufacture, was 

laced upon the line, In the same year, 1831, an 

nglish engine, built by Stephenson at Newcastle- 
on-Tyne, was constructed for the Hudson and 
Mohawk Railway, the first instalment of what is 
now the immense New York Central system; and 
it is a noteworthy fact that this early locomotive, 
weighing only 6 tons, had a bogie truck to carry 
the forward end of the machine, and was sub- 
stantially the same in general arrangement as that 
now known as the American type of engine. In 
1832 and ’33 similar engines were built by Stephenson 
for the South Carolina Railway, the Camden and 
Amboy in New Jersey, and the Newcastle and 
Frenchtown in Pennsylvania. Canada was not far 
behind in making her first attempt at railway 
building, but although many companies were 
formed between 1832 and 1836, it was in the latter 
year before the St. Lawrence and Champlain was 
actually opened for traffic, 

On the 6th of March, 1834, four years after the 
opening of the Liverpool and Manchester, and three 
years before the next important line, the London 
and Birmingham, was completed, an Act was 
passed by the Canadian Legislature incorporating 
the London and Gore Railway Company, with 
powers to ‘‘make a double or single track, iron or 
wooden railway, from Burlington Bay, the Western 
extremity of Lake Ontario, to London, and forward 
to the navigable waters of the River Thames” (these 
are Canadian names), or to Lake Huron, A decade 
we and nothing was done under this charter, 

ut as it was about expiring, an Act was obtained 
in 1845 renewing its powers, changing the name 
of the company to the Great Western of Canada, 
and extending its eastern terminus to the Niagara 
river. The capital was fixed at six million dollars 
(about 1,200,000/. sterling) in 60,000 shares of 
100 dols. each, and these were promptly subscribed, 
55,000 in England and 5000 in Canada. The works 
were slowly prosecuted, and it was not till 1852 
that any great progress was made; and when the 
spirit of speculation that then prevailed infused 
fresh life and vigour into the management, it brought 
with it a sudden expansion of prices both for labour 
and material. The estimates on which the work 
had been contracted for fell far short of the actual 
cost, and in construction alone the difference was 
ascertained to be over a million and a half dollars. 
The original capital was supplemented in 1853 by 
an addition of two million Alla, in 1855 by six 
millions, besides 1,800,000 dols, raised in 1852 for 
the Hamilton and Toronto line, and 2,000,000 dols. 
in the same year for the Sarnia branch, In 1858 it 
was necessary to raise 8,000,000 dols. for general 
purposes, making a total of 25,800,000 dols., besides 
3,850,000 dols. (770,000/, sterling) borrowed from 
the Government to enable the company to complete 
these works. In 1876, the ordinary shares had 
grown from the original 60,000 to 266,666 and re- 
presented a par value of 5,463,978/. By an Act 
passed December 14, 1869, an issue of preference 
stock was made, amounting to 1,018,200/., which 
was increased by further issues till it had become in 
1876, 1,296,298/.; but of this nearly 800,000/. was 
converted subsequently into ordinary stock, and on 
July 31, 1876, only 444,096/. was outstanding, 
entailing an annual interest of 22,204/. At this 
period there was a general balance against net 
revenue account of %09,426/., which by resolution 
of the shareholders on April 28, 1876, was written 
off to capital account, and there was also due for 
dividends on the 5 per cent. preference stock 
49,326/., which was funded in additional preference 
stock at par, and the stockholders assented to a 
like capitalisation of any further deficiency up to 
January 31, 1877. In four years, from July 31, 
1872 to 1876, the total capital, including terminal 
bonds and debenture stock, increased from 6,573,357/. 
to 9,470,854/., whilst the mileage had increased only 
154 miles. 

In 1853, the New York railways had extended 
themselves by two different routes from New York 


®X-| to Buffalo at the foot of Lake Erie, 440 miles west 


from the Atlantic capital. The Erie Canal for nearly 
twenty years had been established as the most con- 





venient and economical route for heavy gools 
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between the same termini. Two splendid lines of 
steamers for passengers, and the same for goods, 
continued the communication 250 miles west from 
Buffalo to Detroit, over the stormy waters of Lake 
Erie. Two rival lines of railway, both well furnished 
and equipped, the Michigan Central and the Michigan 
Southern, carried forward the immense traffic of 
Lake Erie to Chicago, then, as now, mistress of the 
Great Western States, and the vast agricultural 
territories of the Union, then fast filling up with the 
emigrant settlers of Europe. The course of the 
Lake Erie steamers, which connected these duplicate 
rival railways at each end of the thousand-mile run 
between Chicago and New York, was round the 
southern peninsula of Canada, which thrusts itself 
in the direct course between the great producing and 
the great exporting termini, the two centres of the 
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in the States, The consolidation was effected by an 
Act passed April 2, 1853, and on the lst of August 
the new company took ion of the different 
railways. Two miles below the Great Falls of 
Niagara this new corporation struck the international 
boundary, at the point where John A. Roebling was 
then finishing the wonderful aérial structure which 
at one bold leap spanned the Niagara, one-sixth of 
a mile in width, where its current is the most 
impetuous, and its power resistless. At the western 
— of this immense suspension bridge, since 
exceeded in length, but still unique as a railway 


viaduct, the Great Western of Canada commences, 
and its self-destroying duplicate lines diverge from 
the station ground, which immediately adjoin, and, 
in fact, include the Canadian abutment of the 
bridge. 


Taking the right-hand route, the older 





North American continent. The Great Western of 
Canada was, therefore, not only the main central 
link of the double route, but it offered the only 
practicable all-rail communication, the shortest, best, 
and apparently only possible connexion between the 
New York Central and Erie Railways at one end, 
and the two rival Michigan lines at the other. 
Surely no railway ever started into existence with so 
much done to prepare its business beforehand, and 
to assure its commercial success, No one has so 
completely thrown away the advantages of its posi- 
tion, and wantonly destroyed for ever the oppor- 
tunities made for it, the monopoly almost a 
into its ion. 

The little Hudson and Mohawk Railway, the 
oldest road in the state of New York, chartered in 
1826, and completed September 24, 1831, had 
grown to be a respectable successful corporation 
when, under the name of the Albanyand Schenectady, 
it and thirteen other companies coalesced to form the 
New York Central, the most powerful organisation 








and still nominally ‘‘ main” line, the railway 
gradually descends to the level of Lake Ontario, the 
extreme west end of which it skirts at Hamilton, 
43 miles from the terminus at Clifton, and thence 
continues due west to the Detroit river, 229 miles in 
length, and on the direct road between New York 
and Chicago. The first cection of this, from Sus- 
pension Bridge to Hamilton, was opened on No- 
vember 10, 1853, to London, half way, De- 
cember 31st, and the remaining distance to Windsor, 
the Canadian town opposite to Detroit, on the 
27th of January, 1854. At this date the Suspension 
Bridge was not complete for the transportation of 
trains, but was open to passenger traffic, the works 
to convert it into a railway bridge being then in 
progress, whilst at the west end of the railway, a 
tunnel under the Detroit river, the second interna- 
tional boundary was then proposed to connect it 
with the Michigan railways, and complete the all- 
rail communication between Chicago and New York. 
The only objection urged against the railway 








was the descent to Hamilton, and the heavy grades 
necessary to the west of that city. The terminus on 
the Niagara has an elevation of 326 ft. over the 
level of Lake Ontario, within 12 ft. of the height of 
the western terminus on the Detroit. The line 
descends in the first 43 miles nearly to the level of 
the lake at Hamilton, and then ascends, by a con- 
tinuous gradient of 53 ft. to the mile, for 10 miles, 
to pass over the summit, 43 miles west of Hamilton, 
which divides the affluents of the Thames running 
into the Detroit water from those of Grand River 


/running into Lake Erie, where the land is 


762 ft. over the level of Lake Ontario. With 
this exception the gradients are unobjectionable ; 
from Komoka going west, 100 miles of the railway 
is nearly a water level, and 57 miles of this is one 
uniform uninterrupted straight line. 






ORT *--. Miguann 







Oh mesreny FA 





“ Aawnroye 
: 74 Ne: 
7 ie 
ee 
ei 
-* OROW rey 





os 9? 
&, 








A more serious drawback to its American asso- 
ciates, was the exceptional gauge on which the 
Great Western had been constructed, but which was 
forced on the company by the Canadian Legislature. 
In 1851, when the Grand Trunk charter was being 
— for, the question of gauge, for all Canadian 
railways, was fully discussed before a committee of 
the House of Assembly, and the result arrived at was 
particularly unfortunate to both of the leading com- 
panies, and especially to the Great Western. Up 
to that time the few railways that had been con- 
structed in Canada had generally been upon the 
4 ft. 8}$in. gauge, and the Prescott and Ottawa 
then under contract, the longest and most impor- 
tant road besides the English companies, was in- 
tended as an extension of an American line of that 
gauge ; but still it was doubtful what would be the 
general breadth adopted by the numerous com- 
panies in the States who were then projecting rail- 
ways towards the Canadian boundary. The New 
York Central, at least the corporations that subse- 
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quently were merged under that title, were 4 ft. 8}in. 
im width, but others of equal importance approaching 
the Niagara frontier were 4 ft. 103 in. and 6 ft., 
the latter the Erie gauge, and at that time con- 
sidered the most preiees le. In the Middle States 
and in the west, especially round Chicago, 5 ft. was 





{ a common gauge, and in fact there were seven or 
eight different dimensions, adopted by different com- 
panies, all likely at some time or other to come into 
contact with the Canadian system, It was desir- 
able that all railways in that country should be 
uniform, and after thoroughly ventilating the sub- 











ject, 5 ft. 6 in. was chosen, probably as a compro- 
mise, and all railways in Canada to be hereafter 
constructed were, by law, compelled to be on that 

uge. Mr. Harris, the then chairman of the Great 

estern, strongly urged the 4 ft. 8} in. breadth, as 
being that on which all the railways in Northern 
New York were constructed, the best natural outlet 
of the Great Western, and uniform also with the 
Michigan Central and Michigan Southern, their 
allies to the west of Detroit. Some of Mr. Harris's 
arguments seemed almost prophetic. He deprecated 
the exceptional gauge for their road as calculated 
to drive off from Canada the throngh American 
business, which he regarded as essential to the 
success of their enterprize, and asserted that such a 
condition imposed in Canada would compel the 
Michigan roads to seek an outlet south of e Erie 
to the permanent injury of the whole province. 
The Great Western was scarcely completed before 
the mistake was ludicrously apparent, and the rails 
were laid across the Niagara Bridge, two on each 
side of the track, so as to accommodate on the two 
inner ones the New York Central trains of 4 ft. 84 in., 
on the two outside ones the Erie cars 6 ft, between 
the wheels, and on one of each the Great Western 
5 ft. 6 in. gauge. In this respect, however, the 
longer all-rail route then in existente south of Lake 
Erie was nearly as bad, for the state of Pennsyl- 
vania, which has a small frontage on Lake Erie, had 
by law interposed a 4 ft. 10} in. gauge, between the 
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Northern New York 4 ft. 8} in., or the Erie 6 ft., 
and their Chicago connexion of a 5 ft. gauge. 

The Great Western made a very promising start 
as a paying investment, and in spite of some very 
expensive accidents which marred its early pros- 
perity, paid for a year or two a good dividend on its 
ordinary stock, besides all preferential claims. But 
this state of things was short-lived, and the fatal policy 
which has ruined what is normally one of the best 
railway properties in the world, was initiated in the 
very first year of its existence, and has gone 
on with accumulative mischief ever since: a 
quarrelsome refusal to work with any other railway 
not controlled by the Board ; constructing lines and 
branches of little good to the parent road, intended 
apparently rather to injure a rival than to help the 

reat Western ; a war to the knife with parallel 
routes; a total neglect of local and Canadian in- 
terests; and a futile attempt to grasp along through 
business, which to secure at all must be carried at 
ruinous rates, and absorb the whole energies of the 
management, 

In 1852, an Act was d incorporating the 
Hawilton and Toronto Railway, 38 miles, and join- 
ing the Great Western a mile north-west of 
Hamilton. The contract was let at a very high 
figure to an English firm, the transaction implicating 
the chairman, an English member of Parliament, 
and was of such a character that it afterwards be- 
came the subject of a Parliamentary inquiry. The 
next year arrangements were made for the lease of 
the line by the Great Western at a rental of 6 per 
cent. on its exaggerated nominal cost, the lessees 
supplying the rolling stock and stations at an outlay 
of 400,000 dols. ; andin 1856, before it was opened, 
it was amalgamated with the parent line, being then 
debited with an expenditure of 1,860,556 dols., or 
49,000 dols. per mile for a surface railway of singu- 
larly easy construction, and the few bridges of 
timber only. For years the line was useless to the 
Great Western, but it was a natural extension from 
Toronto of the Grand Trunk, and in their hands 
would have been of value both to that road and to 
the province. 

In the same year, 1852, the Galt and Guelph 
Railway Company was incorporated with a capital 
of 560,000 dols., and an arrangement was entered 
into with the Great Westerh, by which that com- 
pany was to supply rails and rolling stock, taking a 
first mortgage for their value ; the Western to work 
the line at cost and hand the balance over the interest 
on their mortgage to the Galt and Guelph Company. 
The Great Western already had a branch line, 12 
miles in length, from their main line at Harrisburg, 
19 miles west of Hamilton, to Galt, and the new 
railway was an extension of this line to Guelph on 
the Grand Trunk. Galt was the objective point, 
the traffic of which it was desirable to secure, the 
new line, useless to the Great Western, compelled 
their rival either to forego the Galt traffic or to 
construct another branch, the latter alternative 
being the one adopted. The Galt and Guelph 
proved in a short time hopelessly embarrassed ; it 
cost the Great Western as mortgagees 304,733 dols., 
and in the report of 1860 the directors state that 
not having earned or paid any interest upon the 
amount advanced, the mortgage held by them had 
been foreclosed, The accounts have, however, been 
kept distinct from the parent line as one’ of the 
leased roads, and the complete incorporation of the 
Guelph line with the Great Western was only 
sanctioned at the half-yearly meeting on April 30, 
1878. 

In 1853, the London and Port Sarnia Railway 
Company was corporated, the projectors being 
principally the same ies who were interested in 
the Galt and Guelph Railway, and power was taken 
to amalgamate with the Great Western. The line 
is 51 miles long, turning off from the’ main line at 
Komoka 10 miles west of London, and converging 
towards the Grand Trunk at Sarnia, which is on 
their main line to Detroit, the principal part of the 
Great Western branch being with: ]0 miles of the 
other railway. It would'be difficult to assign any 
reason for the construction of this .ine excepting as 
an injury to the Grand Trunk, and but for the 
unforeseen discovery of ‘petroleum near to it after it 
was completed, it might long since have been shut 
up with benefit to its owners. 


Tn 1855 the company tried the experiment of run- 
ning steamers on Lake Ontario, the Board at- 
tributing the falling off of their revenue to the 
opposition of a line of steamers working on the 

pper Lakes, and running to Chicago in connexion 


cult to understand how this retaliatory step of 
running boats on another lake could affect the 
question, or recover the lost traffic, but two very fine 
steamers, the Canada and the America, were put 
on between Hamilton and Oswego, at a cost of 
380,669 dols. They commenced operations June 25, 
1855, and lost money every trip, the deficit in six 
months being 60,000 dols. ‘The next year the 
boats were put on to a different route, running 
between Hamilton and Brockville, which is the 
eastern end of lake navigation on Lake Ontario, and 
their route now was alongside of the Grand Trunk 
then on the point of being opened, but up to 
August 23 they had lost another 25,000 dols., and 
they were then withdrawn, this being the last of this 
expensive experiment, Tie boats were subse- 
quently sold to some ies interested in the 
Detroit and Milwaukie Railway, and could they 
have gone up the Falls of Niagara might have found 
profitable employment in connexion with that road, 
the Great Western accepting as payment for their 
boats shares in the Detroit and Milwaukie, which 
have long since proved worthless. The boats were 
finally sold by their new owners to the American 
Government, and they successfully ran the Rapids 
of the St. Lawrence, being much too long to pass 
through the locks, and being the largest vessels 
that have ever descended the river. One of them 
was soon after lost at sea, and the other transformed 
into a man.of-war under the name of the Coatza- 
coalcos, was often heard of during the southern war. 

The Detroit and Milwaukie, thus er in- 
troduced to the shareholders of the Great Western, 
has been a somewhat expensive acquaintance 
throughout. In October; 1857, the directors of 
the.Great Western were authorised to advance the 
sum of 750,000 dols. to this road as a loan to help the 
line out of the financial difficulties into which it had 
fallen, this sum being deemed sufficient to complete 
the road for traffic as well. For this loan a mortgage 
was given, and the control of the line was vested in 
directors nominated by the English company. The 
line looks on the map to be a very natural extension 
of the Canadian line to Milwaukie, the important 
capital of the state of Wisconsin, but practically the 
long water ferry between its terminus at Grand 
Haven across Lake Michigan, impairs its utility as a 
passenger line, and gives an advantage to steamers 
which carry the freight round the peninsula of Michi- 
gan direct to the railway wharvesin Canada, How- 
ever the line was opened in November, 1858, and 
the results have been uniformly disastrous. Further 
loans became necessary, and in 1860 the Great 
Western foreclosed their mortgage, and Mr. C. J. 
Brydges was appointed receiver. An expensive litiga- 
tion followed, conducted by the other creditors, and 
the Great Western were compelled to assume some 
further liabilities, Even this was not the end of the 
trouble, and after another 18 years the Detroit and 
Milwaukie has lately been practically merged into 
the Great Western, who have re-organised it as the 
Detroit, Grand Haven, and Milwaukie, and propose 
to issue 30 years’ bonds upon it to the extent of 
5,000,000 dols. 

But the most injurious and suicidal action has 
been the course the company has adopted in oppo- 
sition to the Canada Southern. This line was pro- 
jected at an early date to run over the level plateau 
of the southern counties of Canada skirting Lake 
Erie, and follows as nearly as possible an air line 
from the International Bridge across the Niagara at 
Buffalo to the Detroit river at Amherstburg, a few 
miles below Detroit. Its length is 229 miles between 
the two rivers Detroit and Niagara, exactly the 
same as the Great Western’s old main line, but it 
is a level straight line, and the same engines can 
handle double the load over the Southern that they 
can over the Western, the aligament of which 
oscillates 300 ft. above and below the mean of the 
Southern line levels. The Great Western directors 
fought against the construction of this line stre- 
nuously, sparing neither trouble nor expense to 
prevent its completion. Even when this was 
assured, for some years the line was in financial 
difficulties, and arrangements might have been made 
for its control or for a friendly alliance; but in an 
evil hour the directors determined to put down a 
parallel line through the same district, and after de- 
claiming against the Government for permitting an 
opposition line to be constructed within 20 miles of 
their own, applied for a charter to build a third, 
running for miles with only a fence between ,them 
and their opponents. ‘The result is that the Great 
Western system now consists of two distinct parallel 





with the Northern Railway of Canada. It was diffi- 


lines between the Niagara and Detroit rivers, 





averaging 15 miles apart, one from Sarnia through 
London and Hamilton to the Suspension Bridge, the 
other from Windsor through St, Thomas to the 
International Bridge; the one parallel to the Grand 
Trunk, the other sticking even closer to the Canada 
Southern, both these rival lines having friendly 
alliances with large shipping places at both ends, 
which the Great Western reach only indirectly, and 
both of them practically sandwiching in the Great 
Western between important members of their own 
system. 

The company have also an extensive duplicate 
system of branch railways, extending through the 
northern peninsula of Canada, known as the London, 
Grey, and Bruce, and the Wellington, Grey, and 
Bruce, covering 265 miles of road, the whole of 
which is exposed to the competition of other lines 
having strong claims on the local interests of the 
country, as well as the unavoidable competition of 
the different members of the Great Western system 
amongst themselves. These lines are worked by 
the Great Western at an annual loss of from 
18,000/. to 25,0007. sterling, and the result of the 
whole is that the earnings of the main line are in 
the first place divided between the parallel roads, 
one of which must be unnecessary, and then reduced 
by the maintenance of a long unremunerative 
branch service of no use whatever to the parent 
line, and not much to the district through which 
they run, ‘The Great Western system now com- 
prises : 


Miles. 
Old main line Suspension Bridge to De- 
troit ose deo jaa ove ee 229.38 
Loop line, Glencoe to International 
Bridge _... 7 oid “ «» —:145.50 
Hamilton to Toronto eee wen ina 37.00 
Harrisburg, 62 miles from Suspension 
Bridge to Guelph ee poe ooo 27.25 
Harrisburg to Tilsonburg on the “ air 
line’”’ os | ae ee = 41.00 
Wellington, Grey, and Bruce, Guelph to 
Southampton... one eee ee 101.75 
Wellington, Grey, and Bruce, Palmerston 
to Kincardine ... a a eco 66.60 
London, Huron, and Bruce, London to 
ingham... ‘¢ oes ie as 69.00 
Sarnia Branch, Komoka, 120 miles from 
Suspension Bridge ° 50.85 
Wyoming to Petrolia __... es sei 4.75 
Welland Railway, Merriton to Welland 
Junction, leased ... fom pun sia 14.82 
London and Port Stanley, ditto ... ise 23.60 
Clifton to Allanburg sa on ae 8.00 
Detroit and Milwaukie, Detroit to Grand 
189.00 


Haven _... ss ace ae on 
Detroit and Milwaukie, branches to coal 
mine oat and ooo ooo 2.50 


i. ae ee 





BOGIE CARRIAGE ; JAPANESE RAILWAYS, 

WE give on page 143 engravings illustrating the appli- 
cation to railway carriage stock of the form of bogie 
designed by Mr. William Adams, and which has, as our 
readers are aware, been extensively fitted to locomotives 
with such excellent results. The application to carriage 
stock which we now illustrate was made some four years 
ago by Mr. Walter M. Smith, the locomotive superin- 
tendent of the Imperial Japanese Railways, and the 
arrangement was found to answer admirably. The 
Japanese lines are of 3 ft.6 in. gauge, and the bogie 
carriages made by Mr. Smith were of the following di- 
mensions : 


ft. in. 
Total length outside... ase 44 4 

os - inside 8 43 93 
Width outside 7 #0 
o inside... ane as 6 7 
Height of body at centre, inside 6 6 
Pr a sides, inside .. 5 10 
Distance between centres of bogies 31 2 
Centres of bogie wheels ... os 5 0 


Diameter of wheels oie babe. en 2 9 
The carriages have ten compartments, and accommo- 
date 100 passengers, while the weight of each carriage 
empty is 11 tons 19 cwt. The timber used for the 
carriages is Japanese keyaki, and the vehicles, with the 
exception of the wheels, were completely built at the 
railway works at Kobe. The construction of the bogie 
is so clearly shown by our engravings that any detailed 
description of it will be unnecessary. 








AMERICAN Buast Furnacss. —The number of furnaces 
in blast in the United States at the commencement of 1880 
was 384, as compared with 257 at the commencement of 
1879, 263 at the commencement of 1878, 244 at the 
commencement . of 1877, 293. -.at commencement of 
1876, and 363 at the commencement of 1875.. The number 
of American furnaces ‘out of blast at the commencement 
of 1880 was 293, as compared ‘with 433° at the commence- 
ment of 1879, 449 ‘at the: commencement’ of 1878, 468 at 
the commencement: of' 1877, 420 at the commencement of 





1876, and 328 at the commencement of 1875. 
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THE BUENOS AYRES EXHIBITION, 
To THE EpIToR OF ENGINEERING. 

Srr,—I beg to inform you that Mr. John Hayes, C.E. 
of 27, Leadenhall-street, London, E.C., has been appointed 
agent of the Buenos Ayres Exhibition in England, and that 
for information and full particulars on the subject all in- 
tending| exhibitors must refer to Mr. Hayes, at whose 
office mth of the Exhibition buildings and grounds may be 
inspected. I am, Sir, your obedient servant, 

CaRLOs CALVO, 
Consulado General de la Republica Argentina, 
19, Craven-street, Strand, London, Feb. 17, 1880. 


THE RELATION OF POWER AND SPEED 
IN STEAMSHIPS. 
To THE EDITOR OF ENGINEERING. 

S1r,—With all due respect for Mr. Mansel’s painstaking 
endeavours to solve a difficult problem, I beg to suggest 
that the formula used by me in considering the question of 
steamship propulsion is the same as—not “‘ similar to’’—his 
own, and that it is therefore suicidal on that gentleman’s 
part to attack the formula, although it is obviously open to 
him to dispute my conclusions. 

In the letter that appeared in your issue of the 9th ult., 
I distinctly stated that gross resistance might be referred 
either to the speed of the ship or to the speed of the pro- 
peller, this last being the conventional term for the product 
of pitch and revolution. In that letter results based on 
the latter supposition only were given because I believe 
them to be the most valuable, while either set of results 
should serve to establish the proposed law of relation be- 
tween power and speed if Mr. Mansel is right. As a 
matter of fact my calculations have been made in both 
ways when I have been able to get the data required, so 
that the bogey ‘‘ hypothetical indicated thrust’’ has no 
terrors for me. I have a —— that the said bogey 
pertains to the headings of my diagrams, Figs. 1 and 2; if 
so, the insertion of an hyphen between the words thrust 
and curve would lay it at once and for ever. 

Passing from assertion to proof I will take the equations 
for power and revolutions as given by Mr. Mansel : 


E=) V log. laV 


N=n V log.~'m V, 
where E, N, and V are the gross indicated power, number of 
revolutions, and speed of the vessel respectively, and b, a, n, 
and m constant coefficients. 
Dividing both sides of each equation by V we get 


<= bloga V 








and 


and " 
— =n log.~'m V 
y =n log. m 
whence 
E 
N 


These three equations only differ from my own in state- 
ment, and when in the form used for computation even 


that difference vanishes. The three quantities ee © and 


=x log. ~! (a—m) V. 
n 


Z therefore vary in geometrical progression with V, so 


that, whether © or < be taken to represent resistance 


the special logarithmic relation relied on by Mr. Mansel 
must obtain, and the last is indicated thrust, since the 
speed of the propeller is proportional to the number of 
revolutions. It may be observed that this proof is 
purposely based on abstract considerations without any 
reference to mechanical principles. 

It has been my practice for several years past to compute 
the resistance on both suppositions whenever any trust- 
worthy trial data have become available, and the figures 
generally appear to show that indicated thrust, or re- 
sistance referred to speed of propeller, takes the higher 
multiplier for each knot at low speeds, while at high 
speeds the contrary is the case. This seems to be in 
accordance with the opinion that gross resistance, broadly 
speaking, is a function of initial friction, skin friction, and 
wave resistance. Thus at low speeds indicated thrust 
should show the higher rate of increase because it repre- 
sents skin resistance without the- qualifying constant 
initial friction, while at high speeds it should show the 
lower rate, because it takes cognisance of such increase in 
speed of propeller as may be necessary to counteract in- 
creasing wave resistance. 

It does not appear worth while to occupy your vainable 
space with another array of figures such as Table III. in 
my last letter, so I will take from that Table a couple of 
sets of the indicated thrust multipliers and place them in 
juxtaposition with the corresponding multipliers obtained 
without reference to speed of propeller. 


ie H.M.S. “ Shah.” 
Limits of speed interval, 


knots. ... ove ove 5.32 801 12.13 16.45 
Resistance multiplier per 
knot, ship... 1.194 1.203 1.200 


Resistance multiplier per 
knot, propeller es 1.203 1201 1.184 
aa H.M.S8. * Iris.’’ (III.) 

Limits of speed interval, 


knots ... id ws 8.00 12.00 16.50 18.57 
Resistance multiplier per 
knot, ship. 1.192 1.170 1,151 


istance multiplier per 

ot, propeller vee 1.194 1.164 1.150 
It must not be forgotten that these multipliers are calcu- 
lated on the assumption that the law of the geometrical 
Progression holds for the speed interval to which they 


relate, but looked upon in the light of mean multipliers 
for that interval their use seems unobjectionable. The last 
example is especially noteworthy, and to my mind full of 
promise, although anything but suggestive of a constant 
multiplier. 

Those amongst your readers that have the F mee mp 
of high speed navigation in view, will quite understand my 
pertinacity in seeking conclusive proof of the reliability of 
a formula that tends to limit our horizon, before adopting 
it myself or urging others to do so. 


I am, Sir, yours Mis 
F. B. EpMonpbs. 
London, February 11, 1880. 


STOKE-UPON-TRENT DRAINAGE SCHEME. 
To THE EpiItoR OF ENGINEERING. 

Sr1r,—In your contemporary the Builder last week, 
I noticed a statement of the tenders for the various con- 
tracts for the above works. From this list there is good 
reason to suspect that a radical departure has been made 
from the bases of the original scheme, which owing to its 
originality, was awarded the first premium. Such a result 
was foretold at the time, the scheme, or such part of it as 
was explained to the public, being thought by many to be 
impracticable. 

As one of eighteen engineers who wasted time and money 
in so foolish a thing as an engineering competition, without, 
as }Professor Kerr says, ‘‘ knowing the trick of it,’’ I 
shall be glad if ry! one of your readers can describe, or 
give an outline of the scheme now being carried out, after 
which I may, with your permission, have more to say. 

I am yours a. 














BOILER INCRUSTATION AND 
EXPLOSIONS. 
To THE EpITOR OF ENGINEERING. 

S1r,—Permit me to trouble you with the correction of a 
word in the last paragraph of my letter of the 7th inst. 
The paragraph should read thus: ‘‘ Perhaps Mr. Schwab 
has never seen the boiler filters designed and made by me 
in connexion with fuel economisers. I shall be glad to 
show them (not him) to tbat or any other gentleman, and 
forward particulars,’ &c. My meaning is not Mr. Schwab, 
but steam boiler filters. 

J. TWIBILL. 


Broadheath Foundry, Manchester, February 14, 1880. 








A DISPERSION PHOTOMETER. 
To THE EDITOR OF ENGINEERING. 

S1r,—We thank your correspondent for pointing out 
that Mr. Stevenson suggested, twenty years ago, the use 
of a lens in a photometer. We have not tried a double 
convex lens, and so cannot say whether Stevenson’s method 
of artificially reducing illumination will, or will not, give 
as accurate results as are obtainable with our instrument. 
Certainly there must be more absorption of light with his 
convex lens than with our very thin double concave one ; 
the principle, however, involved in both photometers is 
essentially the same. j 

In the great mass of published results on electric light 
experiments during the last twenty years, and especially 
during the last eighteen months (in the ordinary text- 
books in which all photometers are explained and described), 
in instrument makers’ lists we find no mention of any such 
instrument as we have constructed, nor was it until we 
presented our photometer to the Physical Society that we 
learnt that the principle had even suggested itself to any 
other experimenter. On that occasion Dr. Hopkinson 


mentioned, after the reading of our paper, that he had 


used a convex lens in a ee but in answer to our 
question he acknowledged that it was only recently, and 
that he had not published the plan he had employed. 
When it is remembered that by using our photometer a 
space of only a few feet is required to make the experiments 
on light intensity which with the ordinary forms of photo- 
meter require a space of 60 ft. or more (if made directly) 
surrounded by blackened walls, we can only wonder that 
the idea of ‘‘dispersion’’ was not sooner acted on. 
We beg to remain very truly yours, 
JOHN PERRY. 
W. E. Aygron. 


“A HYDRAULIC NOVELTY.” 
To THE EDITOR OF ENGINEERING. 
Srr,—In your issue of the 13th inst. I notice a communi- 


cation from a correspondent who entitles himself “ “ ,” 


and the subject of his letter “‘A Hydraulic Novelty.” 
Verily it is such as he describes it. 

In Fig. 1 of the diagrams the difference in the level of 
the water on the right and left-hand partitions is the head 
which is to do wonders further on in Figs. 2 and3. The 
first portion of the “‘ hydraulic novelty’’ is the discovery 
that the water in the pipe a rises to the same level as the 
water in the right-hand partition or to a height equal to 
the head “‘ if frictional and other resistances are left out 
of the consideration,’’ and having made this discovery he 
straightway fancies that he has gained some important 
result. The second portien consists. in the discovery that 
in the pipe 5 the water will descend to a depth equal to 
twice the head, but why it should choose that particular 
dimension I really don’t know, and must-look to your 
mathematical correspondent for a proof which no doubt he 
will be able to give, since dynamical formule appear to be 
so near his finger-ends that he gives you one instead of his 
own name, doubtless throngh absence of mind aera 
upon the excitement of discovering the “‘ hydraulic novelty.’’ 














However there is nothing like the appli tion of theo 
to prove its correctness, and we see this done in Figs, 





and 8, the pressure and suction are in these two applications 
‘brought to act combinedly.”’ But like the anecdote of 
St. Jerome in the cave, I see the cave but not St. Jerome, 
I see the pipe d substituted for pipe a, but pipe I can’t see, 
though I feel sure it must be there, else how can ‘‘ these 
forces act combinedly.”’ The utter absurdity of the scheme 
arises from a total misconception of the simplest principles 
of hydraulics, and —<— to the suggestion of your 
= I would advise none of your réaders to 
it. 
Yours truly, 
WARNING. 





NorTHERN Pactric RatuRoap.—The Northern Pacific 
Railroad Company has relaid its track from Brainerd to 
Fargo, 138 miles, and built nive freight houses, while privata 
parties have built grain elevators and storehouses at 16 
stations. The company has added to its rolling stock 10 
locomotives and 100 cars, and has contracted for 10 loco- 
motives and 350 cars, to be delivered early next spring. It 
is this winter increasing its dockage at Duluth, and assist- 
ing in the building of a new elevator there. The company 
proposes to establish a line of passenger coaches between 
the Yellowstone and the Pend’ Orielle Lake, as soon as the 
eastern and western divisions of the road reach those re- 
spective points. 





THE History AND MANUFACTURE OF STEEL.—Pro- 
fessor Alex. B. W. Kennedy, of University College, London, 
delivered last week two lectures on this subject at the 
Edinburgh Philosophical Institution. In the first lecture 
he spoke of the great change which had recently come 
about in the meaning of the word steel. For centuries, he 
said, steel had been a material of use chiefly for weapons, 
tools, and instruments where its extreme hardness and 
durability were its most valuable characteristics. But 
since 1830, when wrought iron first began to be used in 
large structures of any kind—ships, bridges, and so on— 
engineers had rather turned their attention to some of the 
other qualities possessed by steel, and had tried to find a 
material having the great strength of hard steel without 
its want of ductility. Such a material we now had in the 
so-called ‘* mild steel’? produced by the Bessemer and 
Siemens and Siemens-Martin processes—a material of 
enormous value in construction, but in reality often rather 
a pure iron than a steel proper. After a short description 
of some of the Eastern and other primitive methods of 
making steel, Professor Kennedy described in some detail 
the present method of making cast or crucible steel at 
Sheffield. He gave a short sketch of the life of Benjamin 
Huntsman, the Quaker inventor of the cast-steel process in 
the early part of the last century, and of the ruse by which 
his brother steel-makers succeeded im finding out his secret 
after their kindly attempt to prohibit the exportation of 
his steel—which they had at the same time declined to use 
themselves—had come to grief. He then sketched the 
various modifications of Huntsman’s process now in use, 
described the leading characteristics of the materials pro- 
duced by them, and concluded with a brief mention of 
some of the other steel-making processes, a 
puddled steel, Uchatius steel, &c. In his second lecture, 
he began by describing the common method of making 
wrought iron by ‘ puddling,’’ a process which he charac- 
terised as probably the roughest and most cruel of all 
metallurgical processes, whilst its rival—the Bessemer 
process—was the grandest and most beautiful. ‘The pro- 
cesses of piling and rolling bar iron were briefly described, 
in order to show the nature of the shortcomings in them, 


| which were the causes of the great existing defects in 


wrought iron—defects of which the absence was essential 
to the development of the best properties of ‘‘ mild steel’’ 
or ingot iron. The Bessemer process was then described in 
some detail, and the lecturer then went on to give an 
account of the ‘‘ open hearth,’’ or Siemens’ process, as 
carried on at the Newton Works and elsewhere, mentioning 
some of its advantages, but declining to place the material 
produced by the one process higher than that made by the 
other. He then exhibited a number of specimens of mild 
steel, including samples of Sir James Whitworth’s com- 
pressed steel, as well as of Bessemer steel, and some 
excellent forged work in Siemens steel made by Messrs. 
Denny, of Dumbarton. In reviewing the influence of the 
introduction of mild steel upon the iron industries, he paid 
special compliment to the Clyde shipbuilders for the way in 
which they had realised the advantages to be gained by the 
use of the new metal, and in which, through many diffi- 
culties, they had now come to reap in full success the 
reward. Not having for so long received their ‘‘ fair share’’ 
(arithmetically speaking) of Government work, they had 
been free to form and carry out their own ideas of what 
was best in design and in material, unhampered by the 
views of any Government department, relying solely on the 
excellence of the work they turned out, the trustworthiness 
of their steamers, and the economy of their engines. 
Speaking of the use of mild steel in bridges, the lecturer 
said he was sorry that under existing circumstances it was 
not possible to give any definite information as to ‘the 
material to be used in the Forth Bridge, when and in what- 
ever form it was ultimately decided to erect i hoped, 
however, that, when constructed, it w be one of the 
greatest examples, if not the greatest; of the use of mild 
steel in the world, and would very pfobably be an example 
of a structure whose very existen¢ge would scarcely have 
been possible but for this material. /In closing, the lecturer 
remarked that before another generation. we should 

rhaps, see the last of the “‘ puddling’’ process ; and 
cade having a finer material, we\should have the satis- 
faction of having abolished for ever one of the last remain- 
ing processes in which man had been used just as a strong 
brute—a process which had hitherto held its own a t 
any attempts to marr it. He was sanguine that before 
long ingot iron might be used not only instead of wronght, 








but also instead of cast iron in very many circumstances, 
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TANK BOAT FOR STORING GRAIN. 


CONSTRUCTED BY MESSRS. BARCLAY, CURLE, AND CO., GLASGOW, ON THE PLANS OF MR. JAMES INGLIS, MONTREAL. 
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WE give above, and on pages 147 and 150, engravings 
illustrating an interesting novelty in shipbuilding in the 
form of a tank boat for storing and lightering grain at 
Montreal. The conditions which the boat has been de- 
signed to meet are somewhat peculiar, and much origi- 


nality has been displayed in overcoming the incon- 
veniences attendant upon the employment of ordinary 
barges for the Mont grain service. Floating storage 
and lighterage for grain will always be necessary at 
Montreal, as the drift ice which comes down the River 


St. Lawrence during the early part of the winter blocks 
up the river below Montreal and causes the water to rise 
so high as to flood the wharves on the harbour. For this 
reason and also on account of the harbour being so much 
exposed to ice “shoves” in spring, no grain warehouses 
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TANK BOAT FOR STORING GRAIN. 


CONSTRUCTED BY MESSRS. BARCLAY, CURLE, AND CO., GLASGOW, ON THE PLANS OF MR. JAMES INGLIS, MONTREAL, 


or elevators can be built in the harbour, and they are all 
located some distance away. Hence all grain stored 
must be lightered down to the ships when shipped. 

Under these circumstances storage afloat is preferred, 
but when storing in ordinary boatsthe trouble is that if the 
loai belongs to two or more owners one portion cannot be 
delivered until the owner of the other part is ready for 
his, for the boat would strain or tilt up at one end accord- 
ing to whether the middle or end part of the load was re- 
moved. To get over the difficulty the boat we now illus- 
trate has been made with grain tanks floating on the water 
independent of each other and of the boat, the hull of the 
latter being in fact little more than a floating frame pro- 
vided with guides which keep the tanks in position. 
The tanks rise or fall in the water according to the load 
in them, the hull of the boat being thus exposed to no 
strains due to inequalities of loading. 

This system of constructing grain boats has been 
patented in the United States and Canada by Mr. James 
Inglis, of Montreal, and the boat we illustrate was con- 
structed by Messrs. Barclay, Curle, and Co., of Glasgow, 
from the designs and under the superintendence of Mr. 
William Inglis, of Bolton. It was shipped in pieces to 
Montreal, and re-erected there by Mr. W. P. Bartley, of 
the St. Lawrence Engine Works. 

The general appearance of the boat is shown by the 
perspective view on page 150, while from this and the 
detail views which we give on the present and opposite 
pages the construction of the vessel will be readily un- 
derstood. The boat is fitted with four iron tanks, each 
22 ft. Gin. in diameter by 12 ft. deep, each holding 
4000 bushels. Each tank, as we have already stated, 
floats in the water independent of the others and of the 
hull of the vessel. The outer boat, or hull, is 120 ft. 
long by 28 ft. beam, and it is made up of two side box 
girders each 2 ft. wide and 2 ft. 6 in. deep at the centre, 
as shown by our sections. These side girders have a 
slight shear and are joined at the ends into the form of a 
boat, while they are also connected at intermediate points 
by three cross girders, leaving four spaces for the recep- 
tion of the tanks. 

It will be readily understood that the pressure of the 
water outside the tanks is nearly balanced by that of 
the grain inside, and thus the tanks themselves are sub- 
jected to very slight strains. They are made of } in. 
plates and the same thickness of plates is used for the 
hull. Each tank has three wooden keels bolted to the 
bottom to protect it, as shown in our engravings, while 
eight vertical wooden guides or fenders are bolted on the 
sides. The tanks are made flat at the bottom to increase 
the displacement and keep the draught as small as pos- 
sible; but inside they are made with wooden hopper 
bottoms so that the grain may flow toward the centre 
and save shovelling in unloading. The draught of each 
tank when light is about 12 in. and that of the outer 
hull about 16 in. 

The vessel we illustrate tows well; it has been in use 
for two seasons at Montreal, and has proved satisfactory 
in all respects. It is now in contemplation to build some 
others on the same plan slightly modified with tanks 
36 ft. in diameter, and the cost of these, to carry 12,000 
bushels in each tank, is estimated not to exceed about 
2s. for each bushel capacity. It is also intended to use 
similar boats for carrying and storing petroleum, but 
none have yet been made for that use. The arrangement 
is, however, undoubtedly well suited for such a purpose, 





BLAKE’S VERTICAL BOILER. 

WE subjoin an engraving of a type of vertical tubular 
boiler, patented and constructed by Mr. James Blake, of 
the Bridgewater Iron Works, Prussia-street, Oldham- 
road, Manchester, the particular boiler shown in our 
illustration being rated at 30 horse power. The arrange- 
ment is very simple, and it is one which gives very 





Fig.é. 





effective heating surfaces. Referring to our engraving 
it will be seen that the firebox—which is crossed by 
two Galloway tubes—is made taper, the taper being 
greater on one side than the other, so that the upper 
part of the firebox where it joins the combustion chamber 


PP EO. 





























De ee MIO: i ce letioo 





































































































= i 7 
= | sede 
= i | 
x | 
Z i 
= i 
2 yi 
Z one 
z 

i 
a Ash Fit 











is brought over to one side of the boiler. The combustion 
chamber is cylindrical, and is traversed vertically by 69 
tubes as shown, the position of the upper part of the 
firebox leaving a crescent-shaped area at the bottom of 
the combustion chamber available as a tubeplate. 

The products of combustion pass through the combus- 
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tion chamber to a side opening communicating with the 
smokebox as shown, the current of the gases being thus 
at right angles to the flow of the water through the 
tubes. The tubes are—as will be seen from our illus- 
tration—very accessible for cleaning or renewal. Tho 
circulation through the tubes is very rapid, and to 
prevent priming, plates—not shown in our engraving— 
are placed over them. The design of these boilers is 
slightly modified in the different sizes, but the same general 
features are maintained throughout. Amongst other 
applications of them, a number of these boilers have been 
fitted on shipboard as winch or donkey boilers, and we 
understand that they have given most satisfactory 
results. They have been made up to 7 ft. diameter. A 
boiler such as that we illustrate, 13 ft. 6 in. high (in- 
cluding ashpit), and 5 ft. 3 in. in diameter, affords a 
heating surface of 280 square feet, this heating surface 
being, as we have already said, of a very effective kind. 


PAINTER’S PIPE JOINT. 

We annex illustrations of a pipe joint especially in- 
tended for gas and water mains, which possesses at the 
same time considerable, novelty and merit. The socket 
of the pipe is cast with a groove running around it, and 
which is filled with lead, as shown at C, Fig. i. Upon 
the socket is also formed a projection B, in whichis an 
opening, which communicates with the groove. This 
opening is provided with a screw thread, as shown. The 
inside of the socket near the base is tapered for center- 
ing the spigot end of the pipe. For making the joint a 
screw press charged with a mixture of pitch, whiting, and 
sharp sand, of about the consistency of putty, is connected 
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with the pipe at B, and the composition is gradually 
forced through the hole at the back of the lead ring, 
which is caused to spread out, as shown at O, Fig. 2, 
until it makes a contact with the pipe D, and the joint 
becomes thoroughly caulked. Experiments have shown, 
not only that the joint can be made more quickly than 
by the ordinary method, but with a considerable 
economy in the lead used. Disconnection can be easily 
made by moving the pipe to and fro, until the diameter 
of the lead ring is slightly enlarged, and the joint can 
be re-made by forcing more of the composition into the 
groove at the back of the ring. Joints made in this wa, 
have been tested to a pressure of 1000 1b. per square inc 
without leakage, and it is claimed that only from one- 
half to one-fourth the amount of lead is required. This 
device, which is an American one, is introdueed 
into this country by Mr. J. 8. Fairfax, of 1, Queen 
Victoria-street, London, 



































148 





ENGINEERING. 


(Fes, 20, 1880, 








THE FORM OF RIVETITED JOINTS. 
First Report of the Committee of the Institution of Me- 
chanical Engineers. 

(Continued from page 129.) 

(III.) EXPERIMENTS TO DETERMINE DIRECTLY THE 
BREAKING StREss—continued. 

Apparent Tenacity of Annealed and Rimered Plates.— 
All the experiments indicate a complete restoration of the 
original tenacity of the iron or steel, if the plate is annealed 
after punching, or if a narrow ring 0.04 in. to 0.08 in. wide 
is rimered out of the punched hole. These processes, by 
removing straining action or by removing the strained 
metal, bring back the bar to the condition of a bar with 
drilled holes. In a few experiments, the material appears 
to gain a little in strength by annealing. 

Apparent Shearing Resistance of Rivet Iron and Steel. 
—The true shearing resistance of the rivets cannot be as- 
certained from experiments on rivetted joints, (1) because 
the uniform distribution of the load to all the rivets cannot 
be insured ; (2) because the friction of the plates, which 
has the effect of increasing the apparent resistance to 
shearing, in an element uncertain in amount. Probably 
in the case of single-rivetted joints the shearing resistance 
is not much affected by the friction; but for the present 
attention will be confined to special experiments on 
shearing. 

Ultimate Shearing 
Stress in Tons per 
Square Inch. 


Iron, single shear (12 bars) 24.15 
» doable shear (8 bars 22:10$ Clarke. 
” ” 22.62 Barnaby. 
22.30 Rankine.* 


23.05 to 25.57 


» fin. rivets 

a i in, rivets 24.32 to 27.94 > Riley, 

» mean value .,, 25.0 

»  # in. rivets wan 19.01 Greig and Eyth. 
Steel ... eo one ese 17to 26 =©Parker. 
Landore steel, § in. rivets 81.67 to 33.69 

- »  #§ in. rivets 30,45 to 35.73 > Riley. 
mean value 33.3 


Brown's steel ‘is ses ° oo 22.18 Greig and Eyth, 
* Deduced from Doyne's experiments. 

Fairbairn’s experiments show that a rivet is 64 per cent. 
weaker in a drilled than in a punched hole. By rounding 
the edge of the rivet hole the apparent shearing resistance 
is increased 12 per cent. Mr. Maynard found the rivets 
4 per cent. weaker in drilled holes than in punched holes. 
But these results were obtained with rivetted joints, and 
not by direct experiments on shearing. It must be re- 
membered that there is a good deal of difficulty in determin- 
ing the true diameter of a punched hole, and it is doubtful 
whether in these experiments the diameter was very accu- 
rately ascertained. Messrs. Greig and Eyth’s experiments 
also indicate a greater resistance of the rivets in punched 
holes than in drilled holes. 

If, as appears above, the apparent shearing resistance 
is less for double than for single shear, it is probably 
due to unequal distribution of the stress on the two rivet 
sections. 

The shearing resistance of a bar, when sheared in cireum- 
stances which prevent friction, is usually less than the 
tenacity of the bar. The following results, which are 
perbaps not all that could be found, show the decrease : 


Tenacity of Shearing 

















” ” 


as Bar. Resistance.| Batic. 
titi commen geaargpetens | —E 
Harkort, iron ... ‘ 26.4 16.5 0.62 
Lavalley, iron .., ove 25.4 20.2 0.79 
Greig and Eyth, iron... 22.2 19.0 0.85 
steel 28.8 22.1 | 0.77 


In Wobler’s researches (in 1870) the shearing strength of 
iron was found to be four-fifths of the tenacity. Later re- 
searches of Bauschinger confirm this result generally, but 
they show that for iron the ratio of the shearing resistance 
and tenacity depends on the direction of the stress relatively 
to the direction of rolling. The above ratio is valid only if 
the shear is in a plane perpendicular to the direction of 
rolling, and if the tension is applied parallel to the direction 
of rolling. The shearing resistance in a plane parallel to 
the direction of rolling is different from that in a plane 
perpendicular to that direction, and again differs according 
as the plane of shear is perpendicular or parallel to the 
breadth of the bar. In the former case the resistance is 
18 to 20 per cent. greater than in a plane perpendicular to 
the fibres, or is equal to the tenac'ty. In the latter case it 
is only half as great as in a plane perpendicular to the 
fibres.* 

Friction of Rivetted Plates.—Mr. Clark made some ex- 
periments to determine the friction of plates rivetted to- 
gether, the pressure between the plates being due to the 
contraction of the rivet in cooling. These experiments 
gave for the friction, estimated per square inch of rivet 
rection, 

4.66, 3.72, 6.61, 7.88 tons. 
Mean, 5.72 tons. 

Researches on friction and shearing made by Harkort, 
are given in Von Kaven’s Collectaneen. The specimens 
were prepared in the form shown in the Figs. 7, 7a, and 70. 
Specimens with the rivet in double shear (Fig. 7) were 
rivetted hot. Specimens Fig. 7a had a pin driven in, so 
that there should be no friction due to the contraction of 
the rivet. Lastly, specimens Fig. 7e were rivetted hot 
with the rivet in single shear. Calling f, the shearing re- 
sistance, and ‘, the friction between the plates for each 
rivet, then the tension required to break the joint would be 

Incase A. Ta=2f, + 26 
B. Tea=2f, 


” 
» 





Hence 
= Te- Ts 7, Ts 


2 

= 4 -—fr -% =T.-—f 
Reducing results with ? in. rivets, the friction was found 
to amount to 4.65 tons per square inch of rivet area, and 
the shearing resistance of the rivet was 16.5 tons per square 
inch. The absolute tenacity of the rivet iron was 26.4 tons 
per square inch. Hence the shearing resistance was little 
more than six-tenths of the tenacity. Lavelley made ex- 
periments for Gouin and Co., and found the shearing re- 
sistance of bars fixed in a steel fork to be 20.2 tons per 
square inch, with iron having a tenacity of 25.4 tons per 
square inch. Six experiments to determine the friction 
gave a mean of 10 tons per square inch. 

If this friction subsisted unimpaired till the fracture of 
the joint, the apparent shearing resistance would be in- 
creased by the whole amount here given. But as to pro- 
duce this amount of friction the rivet must be strained 
beyond its elastic limit, the tension of the rivet probably 
relaxes a little in course of time. When the tension in 
the rivet does not exceed its elastic resistance, the fric- 
tion probably may amount to 3 tons or 3} tons per square 
inch of rivet section. In the approach towards fracture 
even this amount of friction is probably almost or quite 
destroyed, 

In some experiments by Mr. Parker it appeared that with 
lap joints there is a sensible separation of the plates at the 
edge of the overlap with one-eighth of the ultimate break- 
ing weight. Mr. Parker infers that the plates slip and 
separate so much before fracture that, in these joints, the 
friction is destroyed before the breaking point is reached. 
The looseness of the rivets in the holes of some treble- 
rivetted lap joints broken by tension, which are in Mr. 
Parker’s possession, is very remarkable. 

In Messrs. Greig and Kyth’s experiments three strips 
were connected by a rivet so that the rivet was in double 
shear. The rivetting was done by different machines, and 
then the rivet was broken by shearing. It appeared that 
the shearing resistance was highest with joints rivetted by 
the machines which worked with the greatest pressure. 
With steel rivets iin. in diameter in }}in. drilled holes, 
the pressure on the rivet when rivetting and the breaking 
stress were as follows : 

















Pressure on Shearing 
Rivet in Tons. Resistance. 
Tons per 
square inch, 
Steam rivetter on a 37 19.07 
Stationary hydraulic rivetter ... 39 17,63 
Portable hydraulic rivetter 30 16.88 
Power rivetter, light 31 16.67 
” os heavy 52 17.60 


The results are not very accordant. If there is a real 
difference in the shearing resistance with different rivetting 
pressures, it must be due to friction, or to some change in 
the strength of the material in the process of rivetting. 
The difficulty in ascribing it to the former cause is this, 
that it is not probable that a red-hot rivet can retain the 
compression it receives from the rivetting machine. It has 
hitherto generally been assumed that the clipping together 
of the plates which produces friction is due to the contrac- 
tion of the rivet in cooling, and not to the pressure put 
upon it by the rivetting machine. 

Mr. Kirk has recently shown to the reporter some joints 
cut through after rivetting. These appear to show that in 
thick plates a tighter joint is obtained by continuing the 
rivetting pressure for a sensible period, instead of remov- 
ing it at once as in ordinary machine rivetting. The point 
is not quite clearly made out, but it deserves further in- 
vestigation. It does not seem at all impossible that thick 
plates may spring a little, while the rivet is still red hot, 
and it would be very objectionable if this were really the 
case. 

Pressure on the Bearing Surface of the Rivet.—If P is 
the tension on a joint corresponding to one rivet, d the 
nna of the rivet, and ¢ the thickness of the plate, 
then 

P 


k= dt 
may be defined as the mean crushing pressure of the rivet 


on the plate. Putting fs for the shearing resistance of the 
rivet, then, the rivets being in single shear, 


fedt=f, 2 d*=P 
4 





fe — ng5 4 
fi i 


or the crushing pressure is greater as the ratio of the rivet 
diameter to the thickness of plates is greater. This is some- 
times given as the reason why the rivet diameter should 
not exceed 2} to 3 times the plate thickness. It is by some 
writers asserted, that if in any ease f- is more than 30 or 
40 tons per square inch for iron joints, then the joint gives 
way with a very low apparent tenacity. During the applica- 
tion of the load the rivet hole becomes oval, the metal of the 
plate is crashed and its tenacity diminished. The precise way 
in which the crushing affects the tenacity bas not hitherto 
been indicated ; but it is suggested above that it produces 
an unequal distribution of the stress similar to that induced 
by- punching. ‘There are no direct experiments on the 
crushing of iron and steel, which are of any value in de- 
termining the proper limits of crushing pressure for 
rivetted joints. But it will be convenient to discuss here 
some results obtained with actual joints which have a bear- 
ing on this question. : 

Tothe reporter it appears that there is no assignable 
value of f- at which crushing action occurs. From the 


of the rivet it is probable that the maximum pressure of 
the rivet on the plate is much greater than its mean value 
fe. Then for moderate values of fc (25 tons to 30 tons per 
square inch for instance) the maximum pressure might be 
50 tons or 60 tous, and under that pressure some crushing 
would almost certainly occur. Some experiments seem to 
show that while there is deterioration of the tenacity, even 
with ordinary values of f- , that. deterioration increases as 
fe increases, and is very serious indeed if f- amounts to 
40 tons or 45 tons per square inch, that is in the case of 
iron plates. For steel plates no experiments hitherto made 
show any great diminution of tenacity attributable to 
crushing action, although in some experiments the value of 
fe reaches to 40 tonsto 50 tons per squareinch. Let Figs. 8, 
9, and 10 represent an ey joint. Then itis known that 
the pressure of the rivet on the plate must be zero at the 
points o o, and increase to a maximum midway between 
them. Let P be the total stress on the joint corresponding 
to one rivet, and p be the intensity of the pressure at any 
point between the rivet and plate, normal to the surfaces 


in contact. Let t 58 & be an element of surface of the 


rivet subtended by the angle § @ in the neighbourhood of 
that point. Then the whole pressure on that element of 


surface is pt a) a, and its component in the direction of 


the load on the joint is p ¢ J §@ cos. a. 


Hence, 
Da 
2 
P=tdf “pcos. a $a 
oO 


Assume that* p=p mar. cos @, 


Tv 
then P=tdp maz. f° cos.? a §a 
° 
=p maz.dt 7 
But P=f- dt 
Hence Pp max.=1.27 fe 


Or the maximum crushing pressure is 1.27 times the 
mean crushing pressure. But itis also extremely probable 
that, in a plane at right angles to that thus far considered, 
there is also a variation of pressure. The pressure at the 
points A A, Fig. 9, must be greater than that at B B, and 
if this variation were taken into consideration, we should 


P mac 


get a much higher value for the ratio - In a rivet 


e 
in double shear this second variation of distribution of 
crushing pressure is absent to a great extent, and probably 
that isthe reason why a higher limit of crashing pressure 
seems from the experiments to be permissible with joints 
having two cover plates. 
In the following Table are enumerated all the experiments 


Experiments Showing Dependence of Apparent Tenacity 
on Crushing Pressure in Iron Plates. 


Form of Joint, 


Crushing Pres- 
sure. 

Apparent Tena- 
city of Joint. 
Tenacity of Ori- 
ginal Plate. 

Loss of Tenacity 
due to Crush- 
ing. 














Lap, single rivetted 
” 
” 
” 
” 


” double 


” 


—— 


” ” 


Fairbairn. 


” " eee 
att, ” one cover.., 
» Single two covers 








29.10) 27.1 
i sa0| 21.1 | 
| 16.89| 25.57 | 
“| 33.84! 19,63 
‘| 82.03 | 20.34 
...| 28.19 | 2008 
-| 27.98 | 17.50 


~~ 


” ” ” 


Lap, single rivetted 
» double 
Butt, ,, 


” ” 





” 
” 


” 


Kirkaldy. 


” ” ” 


” ” ” 











...| 41.81] 12.95 
.. | 88.82] 12,06 
ee} 37.98} 11.74 | 

45.16} 13.98 | | 
ven) 42.07 | 12.97 | 
: 41.44 12.83 | 


Lap, single riveted 


” ” 


” ” ” 
Butt, ,, ” 
” ” ” 


” ” 


22.00 | 7.76 
18.54 | 3.87 
21.43 | 4.66 
21.43 | 5.43 
21.43 | 0.95 
21.43) 1.67 


24.00! 5.78 











Lap, single rivetted, punched | +29.56| 14.24} 

” 24.84 | 14.67 | 
22.08 | 16,77 
21,10) 16,00 
19.50 | 20.48 
18.80 | 19.76 
” ” 17.31 | 18.22 
0 ~ drilled | 28.75 | 20.90| 22.00 | 1.10 
” 26.35 | 15.57} 22.00) 6.43 
24.39} 18.52) 21.43 | 2.91 
21,59 21.43 | 5.06 
21,22 | 21.43 | 0,21 
20.60 21.43 |Gain. 
20.50 21.43 |Gain. 


” ” 
” ” 
” ” ” 
” ” ” 


” ” ” 





Stoney. 


” 
” ” 


” 





” 








” 





Each set of experiments in this Table is arranged in the order of 
the crushing pressures. 





* If the rivet is assumed to remain cylindrical while 
crushing the plate (or the rivet hole while the rivet is 
crushed), then the amount of crushing, measured in the 
direction of the movement of the rivet, will be constant for 
all parts of the rivet hole, and the crushiug measured 
normally to the rivet surface will vary as cos. a. This 








* Muller. Beitrage 2u der Vernietung eiserner Briicken. 





very irregular distribution of the pressure on the surface 





gives the variation of normal pressure assumed above. 
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which seem to afford information about the limits of crush- 
ing pressure. Taking Fairbairn’s experiments for instance, 
a comparing together those which are bracketed (because 
made of one form of joint), there seems to be a tolerably 
regular increase of ap nt tenacity as the crushing 
ressure diminishes. The diminution of tenacity is sensible 
in lap joints where the crushing pressure exceeds 30 tons. 
The general bearing of Mr. Stoney’s experiments is slightly 
in the same direction. In Mr. Browne’s experiments, 
where the crushing pressure reaches 40 tons, the diminution 
of tenacity is very great, though the reporter feels some 
doubt as to whether this is entirely due to action. 

Pin Connewions.—In the case of the pin connexions of 
suspension links, it has been found to obtain a 
strength at the joint equal to that in the body of the bar, 
the pin diameter d must not be. less than 0.8 of the width b 
of the body of the bar, and the section of the bar through 
the pin hole must not be less than than 1.5 times of the 
body of the bar. From the former proportion we may 
deduce the result that the ratio of the crushing pressure and 
tenacity is 

fe —> =! =1.95, 

hk ad 08 
From the latter proportion it may be inferred that the un- 
equal ‘distribution of stress round the hole makes the ap- 
parent tenacity of the metal surrounding it less than 
the tenacity of the bar, in ratio 0.666, giving a loss 
of tenacity of 33 per cent. 1 results, though not 
strictly applicable to rivetted joints, are interesting for com- 
parison with the crushing pressure and apparent tenacity 
observed in experiments on rive’ joints. — . 

So long as attention is confined to the experiments on iron 
lap-joints, a tolerably consistent decrease of tenacity* with 
increase of crushing pressure is observed. With the experi- 
ments on iron butt-joints however this is no longer the case. 
There are instances in which a high crushing pressure has ap- 
parently much reduced the tenacity, and other instance® 
where the tenacity seems to have m unaffected. With 
steel joints also, even with very: high crushing pressures, 
no regular effect on the tenacity is ‘traceable. It seems 
possible to the reporter that the explanation of these 
anomalies may be found in the variation of the relative 
hardness of the rivets and plate, Ifthe rivet is sensibly 
harder than the plate, the plate will suffer ; but if the rivet 
is sensibly softer than the plate, the rivet will suffer. With 
iron plates, sometimes the rivet and sometimes the plate is 
the harder. With steel, the rivet appears to be generally 
softer than the plate. It must be borne in mind that this 
suggestion is only offered as a conjectural explanation of 
anomalies which, unless they are due to errors in the ex- 
periments, are extremely puzzling. : 

Diameter of Rivets.—In a joint there are three variable 
quantities to determined—the thickness of the plate ¢, 
the pitch p, and the diameter of the rivet d. The three 
limiting stresses—tearing, crushing, and shearing—furnish 
three conditions for fixing these quantities. In practice 
the diameter of the rivet is usually.fixed empirically, and 
there is a redundant condition to satisfy. Hence it is 
usually necessary to make one of the stresses less than the 
limiting stress. But this does not seem a very satisfactory 


pr ing. ; 

Putting fe for the crushing and f¢ for the shearing stress, 
and equating the shearing and crushing resistance, we get 
for rivets in single shear : 


Toop — 
que dtfe 


Gay ork 
t tt 
Similarly for rivets in double shear— 


a =0.635 4% 


’ 
If, therefore, f¢ and fs are fixed theoretically, the ratio 
7 is also determined. Thus, for example, in the case of 


iron, for rivets in single shear, taking f- =30 tons, f, =20 
tons, £=19. Taking fe =40 and f, =20, then, for rivets 


in double shear, $=1.27. 


It would seem desirable to inquire how far the existing 
empirical practice as to the diameter of rivets is based on 
practical advantage. Ordinarily the diameter chosen for 
the rivet is made to depend on the thickness of the plates, 
independently of any consideration of the form of joint. 
But if the crushing stress is ter, as appears from the 
experiments, for joints with double covers than for joints 
with single covers, and greater for butt than for lap joints, 
and if the shearing stress is different for single and multiple 
rivetting, than to adopt a diameter of rivet depending only 
on the thickness of the plate does not at all conform to 
theoretical requirements. 

It may be convenient to give here some of the rules 
which have been proposed for the diameter of the rivet in 
single shear : 


Browne ... d=2t (with double covers 1}t) ... (1) 
Fairbairn “7 om plates less than [> sie & 
2, #ee = or plates ter t' in. 
Lemaitre... » d=1.5t +0.16 rr a0 SE ia is 
Antoine (a). G=LIV/t , cess we (5) 
Pohlig (b) d=2t for boiler rivetting... (6) 


i ... @=8t for extra strong rivetting (7 
Redtenbacher(c) d—=1.5¢ to 2t a 8 





* By decrease of tenacity is here meant simply reduction 
of the ratio Breaking load —, whether that reduc- 
me Area of metal in joint 
<> — to —— of quality of material or to 
duction of average s in consequence of the stress 
unequally distributed. 





Unwin (d) a= i to {t+}... aan oo 
a. ae os. Gee see sass ove ee (10) 
(a) Naval Science, vol. i., 1872. 

(6) Maschinentheile, 1877. 

(c) Construction des Machines, 1874. 

(d) Wrought-Iron —— 1869. 

(e) Machine Design, 1877. 

The following Table contains some data of the sizes of 


maintained. The pressure on the tractive resources of the 
railway company has ina measure diminished. Prices of 
steam coal, especially large, have further advanced, but 
not to any material extent. Iron remains , witha 

demand for scrap and old rails. Tin plates continue : 
trade in all directions is brisk. The construction of new 
works near Port Talbot station has commenced. The 
Western Tin-Plate Works, Lianelly (formerly known as 
























































rivets used in practice, and the corresponding sizes given | the Marshfield), which were some time since re-started by 
by some of these rules : Messrs. Smith, Harrison, and Forrester, of Barrow-in- 
DIAMETER OF Rivets FOR DIFFERENT THICKNESSES OF PLATES. 
3 DIAMETER OF RIVETS. 
F 3 = | s|. 
3 
2s . iad ag @. i 8 N 
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i/H/H #2 | 3s | bs | £3 is|ds/ie} 2 | i | 
& | a9 |] 3s" 1 ¢ ae | wy a ~ia@> |e >| & = | 
in 4 . . + in. in. in in. i ~ rr 7 in. a 
7 eee 
Phat dL Tibial ayaa ay de 
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} 1 1 ine eas lz, 1} 1 1sy 1 
4 re 1} i 1 os pa th i 1 
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The precise distance to give security against NOTES FROM THE SOUTH-WEST. 
the bursting of the edge of the plate cannot be The Hirwain Iron Works.—The re-opening of these 
be determined theoretically, the condition of works will take place in some five or six weeks. The 
stress and loading being both complex. Most works have been uired by the Treforest Company 
treatises on rivetting assume that the rivet for the mantiinabney’ of pig iron. The great number of 
tends to shear the plate at the lines a a, bb, orders on hand has comatied the Treforest Company to 
Fig. 6. No experiment is known to the re- obtain some further accommodation in addition to that 








rter in which a plate has thus givenjway. 

n some experiments the fracture takes place 
along the lines a b, c d, ef, Fig. 6a, simulta- 
neously. This form of fracture can however 
only occur in joints with a siagle rivet, and ° 
the fracture in this way perhaps indicates 
that, at the end rivet &@ row, some extra 


Fug.6a 





metal should be allowed between the rivet and 
Ftg.7a. 


Fig. 7b. 
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the side of the plate, or that the distance to the side of the 
plate should a little exceed the half pitch. 

Except at the ends of the joint, the metal in front of each 
is in position of a bar encastré at each end, and 
transversely loaded. Treating the load as concentrated at 
the centre, and putting 1=distance from centre of rivet to 
edge of plate, =the greatest stress due to bending, we get 
for the relation between the shearing strength of the rivet 
and the resistance of the plate to cross-breaking* : 

m qe 7, -L@l-d*tf, 
4 3 d 
which gives : 
l=. 3a eh + d . 
iwty 2 

If we put f=the ordinary tearing resistance ‘of the iron, 
we get for l a value a little less than that usual in practice. 
But it would probably be worth while to make a few direct 
experiments to determine the value of the constant in a 
formula of the form : 

=e] do 4. d 
ae 


which would insure the width of overlap being sufficient to 

revent cross breaking. In such experiments it might pro- 
bably be n to prevent the lateral spreading of the 
two parts into which the plate under the rivet divides, by 
clips embracing the jot tightly. This would make a joint 
with one rivet approximate to the condition of a portion of 


joint. 
ow (To be continued.) 


* The greatest bending moment for a beam encastré at 
the ends must lie between yy Td, and ,4 Td, where T is 
the total load ona rivet. Taking it at} Td, and equating 
this to the moment of resistance of the section in front of 











the rivet, which is } ft. ( l -< ) ~ we get the formula 
above. 





er 
at the Treforest Works. The necessary repairs 

the Hirwain Works are being carried on briskly. P 

Merthyr.—The iron workers at Dowlais have been con- 
ceded an advance of 10 cent., and it is ted that the 
wages of the men at Cyfarthfa Works will be raised to 
a similar extent. 


Swansea.—Activity in the steam coal’ trade is fairly 
Furness, are now in full operation. Two mills were work- 
ing previously, but the forge and two additional mills will 
now be set . The Llantrisant Tin Works are going 
on favoura’ 1} two new mills, it is reported, will start 
shortly. At Pentyrch and Melingriffith orders for tin-plate 
and late have lately been received in such 
numbers that two more rolling mills will be set at work in 
a few days. The work which is being turned out is of ex- 
cellent quality, and commands a 'y sale in the market. 
At Landore the works of the new Blast Furnace Company 
are being rapidly pushed ahead, No. 2 furnace being now 
in full operation; the ace is satisfactory, both in 
quality and quantity. my ige are being made to 
start No. 1 furnace in a short time. In the course of last 
week nearly 5000 tons of iron ore were brought to Swansea 
by large steamers entirely for this —. The works of 
the Swansea Zinc Ore Company, at Six Pit, are rapidly 
approaching completion. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLEsBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was a 
crowded attendance on ’Change at Middlesbrough, and the 
market was much firmer. At the opening of the market 
No. 3 Cleveland pig was sold at 63s. per ton, an advance of 
about 2s. upon last week, and when it became known that 
Messrs. Connal and Co.’s stores had decreased 1000 tons, leay- 
ing the total at 107,100 tons, the price was advanced another 
6d. for immediate delivery. For delivery next month the 
quotation was 64s., and for the quarter 65s. per ton. There 
is still an exceptional demand for forge iron, and holdera 
of that quality can easily dispose of parcels at 64s. 6d. per 
ton. The most active —— are still going on to 
get into operation several blast furnaces in Cleveland. So 
steady is the demand for all kinds of pig iron that many 
rsons believe that if the whole of the furnaces in the 
istrict could be blown in at once there would still be a 
remunerative market for the enormous production. 


The Finished Iron Trade.—In the finished iron trade 
there are further signs of improvement. The quotations arr 
as follows: plates 91. 10s. to 91. 15s. per ton, bars 81. 10s., 
angles 8l.15s., and rails 81. 15s. to 91. Refined iron is 
selling at 41. 10s. 

The Increasing Trade and the North-Eastern!Railway 
Company.—At the mines in Cleveland and the collieries in 
Darham there is more activity generally, and in order to 
meet the in trade requirements, the North-Eastern 
Railway Company have ordered a thousand new wagons. 





Wick Breakwater. —A violent south-easterly gale, 
which commenced on Saturday, raged all along the east coast 
of Scotland on Monday and ‘l'uesday. 1t was most severely 
felt at Wick, where the breakwater has now been almost 
destroyed. 
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NOTICES OF MEETINGS. 

INSTITUTION OF CIVIL ENGINEERS,—Tuesday, February 24th, 
at8p.m. ‘On the Use of Asphalte and Bitumen in Engineering,” 
by Mr. W. H. Delano, Assoc. Inst, C.E, 

PHYSICAL SocieTY.—Saturday, February 28th, at 3pm. The 
following communications will be made: ‘On some Effects of 
Vibratory Motion in Fluids,” by R. H. Ridout. “On the Deter- 
mination of Chemical Affinity in Terms of Electromotive Force,’ 
Part I. by CO. R. A. Wright, Part Il. by C, R, A. Wright and E. 
H. Rennie. 

THE Society OF TELEGRAPH ENGINEERS. — Wednesday, 
February 25th, at the Institution of Civil Engineers.; Council 
Meeting at 7 p.m. —— General Meeting at 8 p.m. Dis- 
cussion on Mr, Augustus Eden's paper ‘On Morse Signallin 
by Magneto-Electric Currents.” scussion on Mr. Charles i 
Wilson's paper “On Compensating Induction in Parallel Wires.” 
“On the Resistance of Galvanometers,” by Oliver Heaviside, 
Associate. ‘‘On the Variation of Electrostatic Capacity in 
Submarine Cables,” by J. B. Stearns, Foreign Member. “On 
Testing by Received Currents,” by H. R. Kempe, Member. 
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SCIENCE SUMMARY, 1879. 

THE year which has recently passed away was not 
remarkable for any brilliant discoveries or startling 
announcements, Still it was by no means barren in 
valuable results. Old lines of research were extended, 
and new veins opened up. Veterans in thefield largely 
contributed to the transactions of the learned bodies, 
one hundred and eighteen memoirs having been read 
before our own Royal Society ; and, what is equally 
pleasing, younger investigators have been un- 
usually astir. ‘lhis is particularly true of our own 
country, as evinced by our increasing publications 
and the flourishing condition of our scientific in- 
stitutions and societies. For years we had been 
stationary ; and as our supineness was not uncri- 
ticised by our more diligent Continental neighbours, 
it is to be hoped that they will be equally keen- 





sighted in observing the vigorous movement that has 
now set in. 

Pre-eminent among the year’s contributions to 
science are the researches of Mr. William Crookes 
on radiant matter. With admirable patience he has 
been enriching our physical nomenclature and ex- 
tending our knowledge of the properties of matter 
in its more attenuated state. He works his vacua 
to the millionth of an atmosphere, and, in the 
«« gaseous residue” as he prefers to call it, he strives 
to follow the vibratory movements of the molecules 
individually. So novel and well-defined are the 

henomena which he observes, that he does not 
esitate to qualify this condition as a fourth state of 
matter ‘‘as far removed from the state of gas as the 
gas is from the liquid.” 

With wonderful dexterity, he compels the mole- 
cules to light up their own path, and to shiver the par- 
ticles of the glass tubes on which they are allowed 
to impinge, into vivid phosphorescence. He shows 
that the trajectory of the molecules is a straight 
line, and demonstrates their inability to bend 
round a corner; he projects them to a focus, and 
tests their invisible energy by the incandescence 
of a strip of metal; he makes them cast shadows, 
turn “ flies,” and even set little wheels rolling up in- 
clined planes ; finally, he exhibits their obedience to 
magnetic influence, and compels them to illustrate 
the laws of electrical attraction and repulsion. 

Not the least striking feature of this research is the 
skill shown in the construction and arrangement of 
the apparatus. This is necessarily delicate and 
complex, and it is fortunate for Mr. Crookes that he 
has found in Mr. Gimingham a ready assistant and 
a master of the art in which Dr. Geissler was so 
eminent. 

These studies on radiant matter formed one of the 
most interesting of the physical communications 
made at the Sheffield meeting of the British Asso- 
ciation, and the brilliant manner in which the sub- 
ject was brought before an audience of 2000 persons 
was quite a feat in experimental demonstration. 

While Mr. Crookes was thus submitting the pro- 
perties of gaseous molecules in high vacua to a 
searching analysis, the indefatigable Mr, Edison was 
no less successful in showing, by their abrasive 
action, the material character of these infinitesimal 
particles. His experiments and deductions were 
detailed in a remarkable paper read at the Saratoga 
mecting of the American Association for the Ad- 
vancement of Science, 

Anxiously bent upon resolving the electric illumi- 
nation difficulty, he had sought for the light-giving 
portion of the incandescence lamp a material of 
extreme thermal resistance. In his search for this 
refractory substance, he was led to inquire into the 
cause of the softness and pliability observed in metals 
when raised to high temperatures, and he met sufli- 
cient evidence to warrant him in attributing these 
changes to the displacement of the air particles or 
gaseous molecules occluded within the inter-mole- 
cular spaces of the metal, and which are driven 
out, by the heat, upon the highly incandescent 
surface. He confirmed this conclusion by expelling 
the air by alternate heating and cooling in vacuo, 
upon which he found the metals invested with ex- 
traordinary hardness, density, and elasticity, and 
their melting points so raised that they were un- 
affected by temperatures at which most bodies are 
volatilised. Prepared in this way platinum, for in- 
stance, remained absolutely stable at the highest 
temperatures, becoming as homogeneous as glass and 
as rigid as steel. 

Earlier in the year, Professor Tyndall had dis- 
coursed at the Royal Institution on the electric light, 
and had ventured to predict, though in guarded terms, 
its ultimatesuccess ; Mr. Preece had inaugurated, with 
brilliant display, the historical exhibition of electric 
light apparatus at the Albert Hall; the Société 
Générale d’Electricité had installed their Gramme 
machines at Charing Cross from which they lit u 
the Thames Embankment, Waterloo Bridge, and, 
later, the Victoria Metropolitan Station; and the 
Trustees of the British Museum, keeping pace with 
the times, had introduced the new light into the 
Reading Room, thus prolonging the hours during 
which their literary treasures remain open to the 
public. Now that the long-sought refractory 
wire was announced, it was generally admitted 
that the question was entering npon its final 
phase. A new impetus was given, and practical 
electricians at home and abroad continued busily 
making ‘‘ candles,” devising lamps, and constructing 
machines; but Mr. Edison, with characteristic ver- 
satility, dropped his discovery, and began an active 


search for some less nsive material. By special 
cablegram, we were informed that his efforts had 
been successful, and that he had found the desired 
substance in charred cardboard. Subsequent 
riments, however, have cooled his expectations, but 
not his hopes of success, 

However this may be, the importance of havin 
exact measurements of the electric light, stimula’ 
research and led to several valuable determinations 
and inventions. M. Rosetti examined the tempera- 
ture of the carbon points at the moment of ignition 
and found it to be not less than 2500 deg. Cent,; Dr. 
Hopkinson studied the conversion of mechanical 
energy into electricity, and concluded that the waste 
of power did not exceed 10 per cent., Professor 
Guthrie devised a ae pd for making accurate 
comparisons within limited spaces, and Dr. Siemens 
arranged an apparatus which measures, regulates, 
and even gives graphical records of the powerful 
currents produced by dynamo-.electric machines. 

Here we are presented with an instance of the 
_— progress of science, and of the simultaneous 

evelopment of several of its branches, We are 
furnished with another beautiful instance in the 
various appliances with which Professor Hughes 
enriched agen, 445 he oon It was while ex- 
rimenting, at the beginning of the year, with 
newly invented microphone that he remarked 
the extreme sensitiveness of the telephone to 
minute induced currents. He followed up the 
observation and was led to the construction of his 
induction balance, This was a welcome apparatus 
to the electrician, as it tended to the elimina- 
tion of the effects of induction in telegraph lines 
and to obtaining a perfect electrical balance. To 
suit special requirements, Mr. Hughes modified the 
original instrument, calling the derived forms the 
sonometer and the audiometer. The sonometer has 
already done good-service, its great delicacy revealing 
physical differences where they were not suspected, 
and recording the degree of departure from similarity 
in bodies assumed to be perfectly homogeneous, 
Some of its indications, as for instance on the elec- 
trical conductivity of metals, are at variance with the 
accepted values, the discrepancy being attributed to 
some peculiarity of structure in the metals employed. 
Mr. Chandler Roberts, of the Royal Mint, has 
found the sonometer to answer the purpose of a 
perfect coin-detector, and Dr. Ri on has 
employed the audiometer in an interesting series 
of — on the organ of hearing in man and 
auimais, 

The scientific progress of the year is further 
illustrated by two inventions which are marvels in 
theirown way. The first is the loud-speaking tele- 
phone of Mr. Edison, and the second is the writing 
telegraph of Mr, E. A. Cowper. While the former 
reproduces oral messages with considerable sonority, 
the latter traces out a fac-simile of the correspondent’s 
writing as rapidly as he finds.it convenient to wield 
the ‘ electric pen.” 

During the past twelvemonth we heard but little 
about the compound nature of the elementary sub- 
stances; only a few a aaa were ven. 
tured, which, however, show that vigorous efforts are 
being made to wring a declaration on this subjectfrom 
reticent nature. Pending the disclosure, other toilers 
have beenat work, and, heedless of theory, have 
boldly announced the isolation of new elements. A 
careful scrutiny now appears very necessary in order 
to avoid the confusion that would be occasioned by 
the repeated discovery and the multiple christening 
of the same substance. Chemists may learn a lesson 
from the perplexity of astronomers and their uncharit- 
able wrangling about the identity and the priority 
of discovery of some of the minor planets, 

Indeed, the last year heard some very acrimenious 
utterances, and witnessed the publication of some 
wrathful memoirs on the subject of the asteroids, 
the intra-Mercurial bodies, and the trans-Neptunian 
planet. Father Ferrari, director of the Observatory 
of the Collegio Romano, claims that De Vico 
more than thirty years ago observed Leverrier’s hy- 
pothetical planetoid ; Professor Peters declines be- 
lieving that Professor Watson had the good fortune 
of seeing it from his eclipse station in Wyoming 
Territory ; and Professor Hall, while admitting 
the existence of this famous little body, has given 
offence in certain quarters by his persistent scep- 
ticism concerning the existence of an orb beyond 
the outermost recognised member of our system. But 
while these little bickerings were going on, Mr, 
Gill, the a director of the Royal Ob. 
servatory at the Cape of Good Hope, was completing 





the reduction of his observations on Mars for the 
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purpose of deducing the solar parallax. He fixes 
this at 8.78 seconds, which value, taken in con- 
junction with the last determination of the earth’s 
uatorial semi-diameter, gives the sun’s distance to 
be 93,100,000 miles. It will be remembered that the 
parallax deduced from the observations on the last 
transit of Venus is 8.845 seconds, and the sun’s 
*cérresponding distance 92,400,000 miles. 

Connected with the distance of our central lumi- 
nary is a physical problem which received some at- 
tention during the year, viz., the velocity of me 
Mr. Michelson, of the United States Navy, studied 
‘the question in a novel and ingenious manner, and 
‘found as a mean value for the velocity of light in 
‘air, 299,740 kilometres per second, and in vacuo, 
'999,944 kilometres per second (nearly 186,400 
miles). 

Another constant, which was the subject of care. 
ful experiment, is the mechanical equivalent of 
heat. Professor Rowland devoted to this investi- 
gation some of his time, as well as the great re- 
sources of the physical laboratory of the Johns-Hop- 
kins University, Baltimore. The value he assigns 
does not materially differ from that deduced by Dr. 
Joule, of Manchester, from his classic experiments, 
viz., 1390 foot-pounds per thermal unit Centigrade. 

At home, Professors Dewar and Liveing steadily 
pursued their work on the reversal of the lines of 
metallic vapours, and embodied their observations in 
numerous communications to the Royal Society. Dr. 
Dela Rue continued with his eleven-thousand-celled- 
chloride-of-silver battery his studies on the striz and 
stratification phenomena of vacuum tubes. Lord 
Rayleigh published an interesting paper on the “ In. 
fluence of Electricity in Colliding Water-Drops,” in 
which he explains the paradoxical effects of the coa- 
lescence and repulsion after collision of the drops of a 
jet, according as the influencing electrification is 
moderate or powerful. 

Professor Osborne Reynolds, in examining the 


kinetic theory of gases, was led to infer that gas 
does not form a continuous plenum, that it possesses 
properties directly depending upon the size of the 
constraining vessel, and that these become more 
manifest as the gas is more confined. These general 
Properties, whether of transpiration or impulsion, 


& proposes to call the “ dimensional properties” of 
the gas. Though the subject is quite new, its im- 
portance becomes obvious when we consider that 
the processes of organisation and destruction going 
on in the animal and vegetable world are limited to 
infinitesimal spaces, 

The obituary of 1879 shows the names of 
several renowned cultivators of science; and, we 
me to add, that our own country makes no in- 
conspicuous figure on the necrological list. There is 
William Kingdon Clifford cut off at the early age 
of thirty-four, already a prominent mathematician, 
and James Clerk-Maxwell, who was eminent both 
as a mathematician and physicist, and whose 
Treatise on Electricity and Magnetism is in the 
hands of every advanced student. There is William 
Froude, who concentrated the whole energy of his 
vigorous mind on hydro-dynamical problems of the 
highest utility for the stability and safety of our 
vessels; and James R. Napier, who, for years, 
strenuously laboured to improve our marine engi- 
neering. Again, we meet the name of Sir William 
Fothergill Cooke, one of our scientific pioneers, and 
the father of electric telegraphy ; of John Allen 
Broun, the distinguished meteorologist and magne- 
tician ; of Appleton, the founder of the Academy ; of 
Garfod, the physiologist ; of Miers, the botanist ; 
of Sir Rowland Hill, the economist; and of Le 
Neve Foster, who, in his official capacity of 
secretary, did so much for the prosperity of the 
Society of Arts. 

Of foreign celebrities, there is Volpicelli, whose 
two hundred and seventy papers show with what 
earnéstness he devoted himself to his favourite 
pursuits; there is Dive, the Nestor of meteorologists, 
on whom all the learned bodies of Europe showered 
their honours ; and Geissler, who is xnown to every 
lover of science by his beautiful and ingenious 
devices for exhibiting the phenomena of eleciric 
discharge in rarefied media. 

The recipients of the Royal Society’s honours for 
1879 were Rudolph Clausius, who received the Copley 
medal for his investigations in the mechanical 
equivalent of heat; Mr. William Perkin, a royal 
medal, for his protracted researches in organic 
chemistry ; Professor Ramsay, a royal medal, for 
_ rm pn to our pa ; oer and 
physical geography ; and M. Lecoq de Boisbaudran, 
the Davy medal, for his discovery of gallium. 





Our scientific literature was unusually volumi- 
nous. The public interest taken in the telephone, in 
electric illumination, and cognate subjects, produced 
a rich harvest of manuals, pamphlets, and exhaus- 
tive papers in our journals and reviews. ‘The his- 
tory of these subjects, and their technical treatment, 
have been ably handled, inter multos, by Comte Du 
Moncel, Dr. Higgs, Professor S. P. ‘Thompson, and 
Conrad W. Cooke. 

Besides these publications, the year was dis- 
tinguished by a new edition of the first part of 
Thomson and Tait’s ‘* Natural Philosophy.” Such 
a work is always welcome, but it seems rather 
curious that although twelve years have elapsed 
since the appearance of the first instalment of this 
magnum opus, the other two volumes should still be 
in prospect. Professor Roscoe has not strained the 
expectation of chemical students tu such an irritat- 
ing extent, but has hastened to complete the third 
part of his valuable treatise on chemistry. Professor 
Clerk-Maxwell’s last legacy to science was the pre- 
paration for press of the electrical researches of that 
distinguished philosopher, Henry Cavendish. Dr. 
Gore has done good service by reviewing and criti- 
cally examining in his ‘‘ Art of Scientific Discovery,” 
the nature, the methods, and conditions necessary 
for success in scientific research. The work is 
written in genuine Baconian style, and will secure 
for itself a place beside Dr. Whewell’s standard 
works on the inductive sciences. 

From the above necessarily brief summary, it 
will be seen that the year 1879 was characterised 
by much activity and considerable scientific pro- 


gress. 


INSULATION OF SUBTERRANEAN AND 
SUBMARINE TELEGRAPH WIRES. 

THE large amount of money yearly expended on 
the extension of submarine cables and the growing 
necessity for subterranean wires renders the subject 
of any improvement in the insulating material for 
these works of the greatest importance. Yet it isa 
very difficult matter to obtain a trial for a new 
material, The reason of this is that time alone can 
fully test such substances, and those officers on 
whom falls the responsibility of ordering a change of 
insulator on a large scale naturally require every 
possible evidence of successful experiment on the 
subject short of the particular one they are urged to 
make. The consequenceisthat inventors have to goon 
for some years at their own expense experimenting, 
but there comes a time when, it appears to us, that 
those in authority are fully justified, in the interest of 
shareholders or taxpayers, in incurring some littlerisk 
and expense in the hope of an important improve- 
ment. Itis not because gutta-percha as regards 
submarine cables answers very well, and Hooper's 
core is said by some not to have answered all that 
was expected of it, that all attempts at a change 
should be entirely abandoned. 

Gutta-percha no doubt has been brought to great 
perfection, but the comparatively low temperature 
at which it becomes plastic, and the rapidity with 
which it dries up ond cracks when kept dry, still 
leave the requirements of the case far from being 
supplied. 

As regards Hooper's core, there must, no doubt, 
be at present sufficient experience of the material, if 
the evidence could be carefully and impartially 
brought forward, to form a judgment on it. But it 
is very difficult to obtain correct and unbiassed in- 
formation on the subject, 4s the companies keep the 
state of their cables very much to themselves, As 
regards the Western &’nd Brazilian cables, where 
portions of the cable with Hooper’s core are being 
replaced by cable with gutta-percha core, it must be 
remembered that this cable was originally intended 
and designed for an Atlantic cable, and was sheathed 
with a type of covering unsuited for shallow water, 
The sword-fish attacked it and made many faults, 
and it has been stated that where it lies in deep 
water, and also in such portions of the shallow 
water where shore ends and intermediate t of 
covering were used, it has remained perfectly good. 
It would appear by this, therefore, that the faults 
are caused S the want of mechanical covering more 
than by defect in the nature of the core. The 
Great Northern Company's. cables appear to be 
working, although Hooper's core is used, and the 
second Persian Gulf cable, laid in 1869, is working 
admirably, and, indeed, has given less trouble than 
the gutta-percha cables. Its insulation has, it is 
true, dropped to 54 megohms per mile, but last year 
it was 253 megohms per mile, and it is believed that 
there is a single fault and that, when it becomes suffi- 








ciently bad to warrant removal and is cut out, the 
cable will test much higher. ‘The gutta-percha 
sections in the Gulf vary from 139 to 303 megohms 
per N. mile. It must be borne in mind, too, 
that this cable with Hooper’s core, owing to an 
accident which happened to one of the ships at the 
mouth of the Channel, causing her to throw over- 
board 70 miles, has upwards of 300 splices in this 
length of 70 miles, the whole cable being only 
500 miles. Hooper’s core does not, therefore, 
appear to us yet to haveso bada case as its enemies 
would make out. We believe, however, that the 
core made under great pressure of business during 
the last and larger orders, was not by any means 
of the same quality of workmanship as that made 
for the earlier orders, and this, with the other 
reasons we have mentioned, have weighed heavily 
against the reputation of the material. 

Mr. W. T. Henley has during the last three years 
been trying to introduce a core, patented in 1876, 
which may be said to be an improvement on Hooper's. 
Mr. Henley points out that gutta-percha has not 
more than one-tenth the insulating resistance of 
india-rubber, and although it maintains this re- 
sistance under water it cracks and loses its insu- 
lating powers underground, where it is also 
attacked by a species of fungus. Vulcanised india- 
rubber, Mr. Henley maintains, absorbs water owing 
to its porous nature, produced in the process of 
curing in high pressure steam, and this absorption 
is very much increased when it is frequently wet 
and dry alternately. Mr. Henley to overcome this 
objection takes a wire, covered in the same way as 
Hooper’s with india-rubber previous to curing, and 
then cures it in melted ozokerit or some other form of 
paraffine under pressure, or he cures it under high- 
pressure steam, and afterwards places it in a heated 
chamber until every particle of moisture has evapo- 
rated, and then heats it in ozokerit under pressure, 
until the material is forced completely through the 
various coats of india-rubber, stopping all the pores 
and rendering it completely impervious to moisture 
and of a degree of insulation far above any other 
known substance. 

The material thus obtained has a very high insu- 
lating power. Eighteen nautical miles of cable 
with this core were manufactured by Mr. Henley 
for the Norwegian Government in 1877, and tested 
by Messrs. Clark and Ford, who certify that it gave 
11,019 megohmsat 663 deg. Fahr., and employing the 
tables for correction of temperature for Hooper's 
core, this amounts to 8000 megohms per nautical 
mile at 75 deg. Messrs. Clark and Ford state in 
their report that ‘these figures indicate a very un- 
usually high degree of insulation even for india- 
rubber, and speak well both for the manufacture 
and process of treatment with ozokerit.” Messrs, 
Clark and Ford also report, in 1879, that 50 yards 
of this core, which have been dry for two years, have 
not deteriorated. Some of the core, which has been 
made for two years, and has been handed about 
from place to place without any special care, has 
lately been also tested by the Post-Office electri- 
cians, and Mr. W. H., Preece reports that it tests re- 
markably high, giving 6200 megohms at 75 deg. 

With regard the 18 miles laid in Norway three 
years ago, Mr, Henley states that it has given every 
satisfaction, and has resisted the attacks of the ma- 
rine insects, which have in the same seas seriously 
injured gutta-percha core cables. 

We have thus far stated Mr. Henley’s case ac- 
cording to the evidence he furnishes, and we must 
say that we think he has a right to some further 
trials. If, as some assert, india-rubber is actually 
fallfoff, and that consequently all india-rubber cores 
porous in their insulation after submersion for any 
time through actual absorption, it seems that the 
injection of an insulating liquid like ozokerit is very 
likely indeed to overcome this objection. The very 
high insulating properties of india-rubber when first 
prepared, and which reach to eight or ten times that 
of gutta-percha, would be thus at any rate rendered 
permanent, and we should thus obtain a core that 
would give all that was expected would be obtained 
in Hooper’s core. We should get a high insulating 
resistance, low inductive capacity, and the power 
to resist heat and desiccation to a very much greater 
extent than gutta-percha, 

This will be of immense importance, for at present 
it is impossible to get anything to stand dry under- 
ground in hot climates, and wires have to be laidin 
pipes filled with water, Indeed even in Europe gutta- 

ercha is very troublesome and difficult to protect 
from desiccation. Yet the increase of wires on 
main lines so overburdens the poles of overground 
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work that underground lines must be increased 
speedily im England, Alréady Germany and 
France are putting their principal towns in com- 
munication with one another by subterranean lines, 
In England this was attempted with gutta-percha 
between London and Liverpool some twenty-five 
years ago, but the wires gave great trouble, and 
eventually were taken up. Between Manchester 
and Liverpool, however, gutta-percha covered wires 
laid some eight years ago with great care and pro- 
tected from desiccation by Stockholm tar and yarn 
are still in use, but this means of protection is 
objectionable on account of the difficulty of handling 
and jointing material covered with such a nasty 
sticky substance. What is wanted is a material that 
can be laid about in the sun or dry wind or laid 
underground without any fear of its cracking or be- 
coming porous, and which does not require all 
manner of secondary and doubtful processes to 
protect itfromdecay. By the look of Mr. Henley’s 
material, which has a section like Hooper’s core, and 
is externally of a smooth shiny appearance, as well 
as by the tests that it has withstood, there seems a very 
fair probability that we have got a very excellent 
material which most certainly deserves a trial on a 
more extended scale. Our Government telegraph 
departments in England and India, as well as our 
large submarine cable companies, should give this 
material a trial both under the sea and on the land. 








THE FORTH BRIDGE. 

Iy our last week’s article upon the proposed sus- 
pension bridge across the Firth of Forth we men- 
tioned that we should poe this week a design based 
upon the same general dimensions with regard to the 
position of the piers but upon an entirely different 
principle with regard to the superstructure. In doing 
so we wish to explain that the studies for this design 
were commenced last autumn when some data as to 
the suspension bridge became known. ‘Their object 
was to ascertain whether a bridge of the proposed 
dimensions could be built with absolute safety dur- 
ing erection as well as during its future existence, 
and with a moderate degree of economy. These 
studies were carried on as a matter of general engi- 
neering interest, and they have now come to acon- 
clusion. We give this week, in our two-page en- 
graving, a perspective view and a general plan of 
the bridge. Next week we propose to illustrate 
details of one arch, and plans of erection. The 
description is accordingly arranged in two parts, 
viz.: I. GENERAL DescripTion, CALcuLaTion. II. 
Description OF DetAILs, Process oF ERECTION, 
GENERAL REMARKS. 


I, GENERAL DESCRIPTION. 

Over two lengths of 1600 ft. each, the water is of 
such depth that foundations are supposed to be 
impracticable. Between these lengths of 1600 ft. 
is a space of shallow water of 588ft, Accordingly 
there is a central arch of 400 ft. between two ma- 
sonry piers 94ft. each, then follows on each side 
an arch of 1600 ft. clear span, after which, on each 
side, there are two openings spanned by a con- 
tinuous girder 650 ft. long. ‘lowards each shore 
there are other smaller spans. 

The principle of construction applied to the two 
large spans of 1600 ft. each may be described as that 
of a flexible arch braced by a girder. The arch is 
not quite flexible, having a thickness at the crown 
of 18 ft. and at the springing of 40 ft., but it would 
not be rigid enough to take the transverse strains 
from the moving load. It is, therefore, braced by a 
girder which has a peculiar and novel shape. Its 
peculiar features are, that part of one of its flanges 
coincides with the arch, and part of the other with 
the horizontal platform of the bridge, and that its 
depth varies very nearly in proportion tothe moments 
from the moving load. In consequence of its shape 
and its position with regard to the arch it becomes 
also an important element in the erection of the 
bridge, as will be described hereafter. The spring- 
ing of the arch is at high-water mark, and its crown 
about 400ft. above. The proportion of rise into 
span is, therefore, about 1 in 4. The platform of 
the bridge is about 150 ft. above high-water mark. 
It is made of timber and rests upon eross-girders 
and rail-girders, These are carried by parapet 
girders 1] ft. deep and 20 ft. apart, which are 
suspended from the arch at intervals of 67ft. The 
platform passes at two points through the arch, 
where the parapet girders are firmly fixed. At its 
ends it rests by means of columns upon the arch at 
its springing, and in the centre it is cut so as to 
allow for expansion by temperature, 


There are two platforms and consequently two 
arches and two bracing girders at a distance of 
120 ft. between centres, each system being about 
20 ft. wide. The two systems are braced together 
on the one hand by a brating which follows the 
line of the arch, on the other by a horizontal brac- 
ing at the level of the platform, and there are be- 
sides several braced frames vertically across the 
two systems. Each system is double and bracing 
is placed in all parts between its two elements. The 
entire structure is of steel, the arch proper being of 
steel with 36 tons breaking strain, the rest of the 
structure with 30 tons breaking strain. 

CALCULATION, 

Forces and Strains. —The forces are the following : 
The dead weight (assumed) B=7.5 tons per lineal foot. 
The moving load (two trains)M=2.5 __,, ‘a 
The wind pressure (33.6 lb.) W=0.015 tons sup. foot. 
The expansion by temperature : 

(Modul. elast. x expansion per 1 centigrade) T=0.15 tons 
per square inch. 

The dimensions are the following: 


Span oes se ee 11640 ft. 
Rise of arc me ae h= 395 ,, 
Mean width of bridge ... b= 120 ,, 


Surface for wind pressure according to elevation= 
G 0.08d + 1.5 yi sup. ft. 


Surface of railway train—10 / sup. ft. 
The horizontal force under the total load B+M 
=10 tons is: 


10x 1640? 
———_——-=8500 tons. 
8 x 395 - 
Moment of inertia of net section through crown J= 
370,645 sq. in.-ft. 


Pe resistance of top flange= 24,719 sq. in.-ft. 
” ” middle ,, =123, ” ” 
99 bottom » = 9,610 ” 9 


Total net area of flanges a=1245 sq. in. 
Moment of moving load at crown= 


0.03 x 2.5“ )'=50,430 foot-tons. 


tons per sq. in. 
Strain in top flange =+ 50,430 | 1062 _ +2.88 
24,719 1245 


» middle ,, =— 5,430 , 1062_ | 0.45 
123,595 1245 
-” bottom ,, = — 50,430 + 1062 _ —4,40 
9610 = 1245 
Temperature : 


Average moment of inertia of arch and girder T,= 
559,800 sq. in.-ft. 


Txaxt? 0,15x1245 x19 
+ ate 1+ 5347 =5.86¢ tons 


Horizontal force = 
i 

Position of horizontal force below crown=} h=131 ft. 

Moment of horizontal force= 131 x 5.86 t. 


' 1815.96, 5.86 Prot 
Strain in top flange= +719 ¥ i045 t= { —0.53 
» middle flange= FO t= +023 
» bottom fange= FX SS! as! = T188 


Summary.—Strains in Tons per Square Inch. 





| | 
Moving | Temper- | Dead 
Load. | ature. |Load.| Total. 














| | | 
Strain in top flange...) +2.88 | {+33 +4.50 {thee 
1, middle flange +0.45 | {79:93 [+603 {T7-3% 
»» bottom flange —4.40 15168 +7.90) Tits 








The moment from the moving load increases 
towards a-point at a distance from the centre equal 
to about one-fourth of the span, where it is about 
double, it then diminishes and increases once more 
towards the springing. The strains from wind 
pressure are not here stated, as they are contained 
in the calculation of weight further on. 

The above calculation is an approximate one ; the 
exact calculation is laborious, but at the present 
state of the theory of elasticity quite feasible, and 
may be treated graphostatically as well as alge- 
braically. The plan to treat the structure as a 
whole, i.e., as an arch fixed at the springing with 
varying sectional moment of inertia would be a 
better one than to treat it as a compound structure, 

Strength.—In the choice of the coefficients of 
strength, which indicate how many tons come upon 





a square inch, a new method has been followed 
which takes into consideration the action of re- 


peated strains, a railway bridge being a structure 
exposed to repeated strains. 

Ve shall take an early opportunity to treat this 
subject a little more fully hen is possible in the 
present article, and simply state here the formula 
for the coeflicient according to Professor Weyrauch : 

S.=4558 (Q Mf cea am ’ 
max. strain 
where S is the breaking strain of iron, or steel re- 
spectively, when applied once, 8, the strain which 
when repeated a great number of times will break a 
bar. The coefficient of safety is here determined by 
the assumption that the maximum strain be double 
the minimum strain which represents an ordinary 
case. In that case would be: 


S,=3 S. 
Taking now a fourfold safety, i.e. taking the co- 
efficient of strength, 
the formula will be: 


pees (a+i min. strain 


s=} 8, 


6 max. strain 
Parts made of steel with 36 tons breaking strain 
are accordingly calculated with the formula : 
one (a+ min. strain 
max. strain 
For most parts composing the arch for example: 
s=6 (1+} $)=8.25 tons per square inch. : 
Parts made of steel with 30 tons breaking strain 
are calculated with the formula: 
e=5 (144 min. strain 
max. strain, 
For the vertical bars for example by which the 
platform is suspended : 


s=5 (: +455 )=566 tons per square inch. 








For certain bars in the bracing of the arch, 
which receive alternately a tensile and a compressive 
strain of equal intensity : 

s=5 (1— })=2.5 tons per square inch. p 

On the other hand, for the braces of the wind 
structure which receive the maximum strain only 
once or a few times : 

s=}S = 7.5 tons per square inch. 

Weight of Structure.—Coeflcients : 

Proportion of gross sectional area (including con- 
nexions) to net areaas 1.4 to 1. 

Weight of steel bar, 1 ft. long 1 square inch area 
=0.0015 tons, 

Weight of all secondary bracing in structure= 
bh 
30,000 

Weight of arch, assuming it approximately to be 
a parabola, and s=8.25, 


2AM OOO? (7.5425) (+ in )=. 


2.9 ene per lineal foot horizontally. 

Weight of bracing girder (only one flange taken), 
moment (as above)= 50,430 foot-tons, depth=53 ft., 
s=5, weight of flange = Se 50,430 _ 
0.385 tons per lineal foot. Weight of bracing, con- 
sisting of verticals and diagonals of an average 
angle of 45 deg.; average shearing force=0.1 MJ, 
s=4 


tons per lineal foot. 





’ 
1.4x«0.0015 x 0.1 M1 = 0.126 tons per lineal foot. 


8 
Weight of suspension bars ; average length =100 ft., 
s=5.66, weight suspended =3.4 tons per lineal foot, 


1.4 0.0015 x3.4X100_9 149 tons per lineal foot. 


8 

Wind Structure.—The flanges of the wind structure 
coincide with other parts of the structure which 
are strained with less than s=} 8. They can, 
therefore, be calculated with a wind pressure of 
0.010 tons per superficial foot, while the bracing is 
calculated with (0.015 tons per superficial foot. 
According to a calculation which cannot be given 
in this article for want of space, the weight of the 
wind structure is; 








Weight of es= 
0.0015x1.4, 2 0.010 (4 
8 B73 Ob 5 2 


Weight of bracing= 
20015 0.015 (% Lh+ hs ++ m) 


Each of these quantities has to be multiplied by the 
proportion of the surface exposed to wind pressure. to 
the gross surface enclosed by the parabola and its 
base line, which is 3 4/, ‘The surface osed to 
wind pressure is composed of the fourfold surface 
according to elevation and one railway train (see 





above), Hence: 
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Weight of 4 mt 0.08 A 1.5) +10 


0.0021, 2 ered ae =0.69 tons per lin. ft. 


S és 8 5 
4 (3X0.08h x 1.5)+10,, 


Weight of bracing = i 
0.0021 5 0.0015 ( Hlh+4 + ah? ) = 0.502 tons 


per lineal foot. . 
Weight of lateral bracing (see above) = = 1.6 tons. 


Weight of all platform girders calculated from 
design—0.45 tons per lineal foot. 
Summary : 


Weight of arch ... ose eve aes D 

»» bracing girder (flanges) 0.385 

” 9 (bracing) 0.215 

- suspension bars... ou 0.126 

as wind structure (flanges) ... 0.690 
(brazing) ... 





Tons per lineal foot. 
2.900 


0.502 
1.600 
0.450 
0.430 
0.202 


” ” 

be lateral bracing 
platform girders... ee 

- timber, platform, and rails 

Contingencies ase eve 


Total weight ... 


DYNAMO-ELECTRIC MACHINES. 
No. III. 

In two preceding articles* we have explained the 
beautiful andsimple illustrations devised by Monsieur 
Antoine Breguet in his researches upon dynamo- 
electric machines. The first of these dealt with 
general principles underlying all machines for 
generating electric currents by the rotation of con- 
ducting wires in a magnetic field. The second was 
devoted to the Siemens machine and the various 
possible systems, good and bad, of winding the wire 
upon the armature. We have now to approach by 
far the most important part of M. Breguet’s work, 
and to explain his theory of the Gramme machine, 
the only theory which completely accounts for the 
action of the ring of ironinthearmature. We shall 
in conclusion give some further considerations of 
extreme importance upon a fact known to all 
practical electrical engineers, but hitherto completely 
unexplained by theory, namely, that it is necessary 
to displace the commutator brushes of dynamo- 
electric machines from the position of symmetry, 
the angular ee pap we varying with the velocity 
of rotation, and with the work which is being done 
by the machine. 

Suppose, firstly, that a wire bent in the form 
shown in Fig. 17, was placed upon the apparatus 


7.500 








eos ‘ ss +7 ( 
Mies) 3 oi 


c 
Fig. 17. 
described in the preceding articles and illustrated in 
Figs. 4 and 8, on pages 1 and 116. Under what 
conditions can it rotate? If a current passes 
through this wire, it will ascend branches ] and 3 
and descend branches 2 and 4. It isclear that there 
will be a tendency to move 2 in an opposite direc- 
tion to 1; hence the forces tending to drive the 
conductor round will be two couples acting in oppo- 
site senses, urging ] and 4 in one direction, and 2 
and 3 in the other direction round the axis. The 
couple 2 and 3 will be, however, the weaker of the 
two, since the length between 2 and 3 is less, and 
they are further removed from the most intense part 
of the magnetic field than are] and 4. The total 
force of rotation will clearly be the difference of the 
two opposing couples ; and the arrangement, as it 
is, is evidently worse than the arrangement given in 
Fig. 4 of the first article. The rotation of conductors 
1 and 4 is just tanto hindered by the opposing 
forces on 2 and 3. If only the action of the magnetic 
* Vide EnornzeRing, pp. 1 and 116 ane. 








field on these two branches could be reduced to 
nothing, the effective force of rotation will obviously 
be increased. Now there is one way, and but one, 
to screen off the magnetic field from the branches 
2 and 3, and that is by interposing a screen of iron 
in the form ofaring. To understand fully bow the 
iron ring can act as a magnetic screen for the wires 
within it, it is needful to comprehend the nature of 
magnetic substances in general in respect of their 
behaviour as screens. 

We have, in the first article, spoken of magnetic 
lines of force as Faraday defined them, and their 
properties. The most important of these pro rties 
in the present regard is that they pass by preference 
rtm a magnetic substance, which, so to speak, 
conducts them better. Iron is about a million times 
as magnetic as air, hence we find that the lines of 
force in a magnetic field are very greatly altered in 
form by the presence of a mass of iron, as they have 
a tendency to so arrange themselves that they 
may run as far as possible through iron and as 
little as possible through the air or the surround. 
ing space. For example, if Fig. 18 represents the 


magnetic ‘ field” between two poles N and §, in 
which also a hollow cylinder of iron has been 
placed, it is found, by the method of sprinkling iron 
filings over a card laid in the field, that instead of 
assuming the usual simple arcs passing across from 
one pole to the other, the lines of force are bent 
about in a remarkable manner. They curve round 
so as to meet the ring, travel along in the substance 
of the iron as far as possible, then emerge at the 
other side to curve round sharply into the other 
pole. The entire space within the ring is destitute of 
lines of force and is thus screened off from magnetic 
influences. ‘The interior of a hollow ball of iron is 
in like manner screened from all external magnetic 
influences; a property of which advantage was 
taken by Sir W. Thomson in the construction of 
certain galvanometers specially designed for use on 
board cable-laying ships. ‘The cylinder of iron in 
Fig. 18 would serve equally well as a screen to the 
interior portions whether at rest or in rotation 
round its axis, for even if rotating the lines of force 
would prefer to pass through the iron rather than cross 
the interior air-filled space. The external field might 
be somewhat deformed in symmetry during the 
rotation, in consequence of iron requiring /ime to 
part with its magnetism, but this would not affect 
the interior space where no magnetic forces are. 

It will be convenient for our purpose to consider 
the effects produced in the magnetic field by a cy- 
linder of iron so short that it may practically be 
considered a ring. This is shown in section in 
Fig. 19. Here we may notice several points. First 
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the peculiar grouping of the lines of force. Most 
of them in the intensest parts of the field run 
straight from the pole to the ring, thence round 
through the iron of the ring invisibly, and emerge 
again at the opposite side. These groups of lines, 
marked m, indicate that the magnetic force is concen- 
trated into that _ of the field immediately oppo- 
site the poles. Nextly, there are certain groups # 
of less intensity which pass above or below the 
edges of the ring to curve round into it on the inner 
edge, and which in like manner run round the sub- 
stance of the ring and emerge at the opposite side. 





Lastly, there are some outlying lines of force marked 
p which pass by above and below, and which are of 
no importance. It is particularly to be noticed that 
no lines cross the interior of the ring to go from 
one pole to the other, so that the ring still acts as a 
screen. 

Now suppose such a ring to be placed within the 
bent conductor of Fig. 17, the arrangement will 
assume the form shown in Fig. 20, where branches 


l and 4 of the conducto re exterior to the ring, 
2 and 3 interior, Clearly, as far as ] and 4 are 
concerned, they are more advantageously situated 
than before, for the iron ring intensifies the portion 
of the magnetic field in which they are situated. 
As to the branches 2 and 3, their condition is now 
wholly changed. They are chiefly screened from 
magnetic actions, the only lines that cross them 
being those of the groups 4, but these lines instead 
of being merely lines of force running across from 
N to S, are lines which actually curve round and 
cross them as if coming from Sto N. Consequently 
the magnetic forces on 2 and 3 act in the reverse 
sense to what they did when there was no iren ring, 
and the force of rotation acting on 2 and 3 now 
tends to spin them round in the same sense as 1 and 
4. The model illustrating this beautiful theoretical 
demonstration of the part played by the iron ring, 
was shown to the Société de Physique by M., 
Breguet at one of its meetings during 1879, and its 
performance was so perfect as to leave nothing 
to be desired. A further modification shown in 
Fig. 21, having four equidistant turns, is a still 
nearer approach to the Gramme ring. It only re- 
quires that a coil of many turns should be sub- 
stituted for each single fold of wire, and that the 
number of such coils upon the iron ring should be 
increased, to obtain the true article. In that case, 
however, the commutator pieces would be made of 
small are and proportionately numerous, as described 
in the preceding article. Up to this point we have 
treated the matter as if the Gramme armature were 
intended to rotate as in an electro-motor, converting 
an existing electric current into motion. The prin- 
ciple of reversibility laid down in our first article 
shows, however, that all the considerations ad- 
vanced apply equally well to the case in which the 
motion of the armature in the field is employed to 
generate a current of electricity. As is well known 
the Gramme machine, besides being an admirable 
generator, is capable of being advantageously used 
as an electro-motor. It matters not, moreover, from 
a theoretical point of view, whether or not the iron 
ring is fixed, or rotates with the coils of wire upon 
it; though for practical reasons the latter is of 
course always the case. 

We are now prepared to discuss the question 
whether the Gramme armature with its ring, or the 
Siemens armature with its longitudinally wound 
coils, is the more advantageous. It will be ad- 
mitted that the only effective portions of the coils 
of the Siemens armature are the wires parallel to 
the axis of rotation, and that those portions which 
cross the ends radially are comparatively useless, as 
they cut few lines of force, and add to the total re- 
sistance. Also, in the Gramme armature the effective 
portions of the coils are those external to the ring, 
the wires along the screened internal face cutting few 
lines of force. Hence, given two rival machines 
having equally intense magnetic fields, equal ve- 
locities of rotation, and therefore equal electro- 
motive forces, that machine will have the advantage 
in which the shortest wire can be coiled into the 
greatest number of effective turns. It must be re- 
membered that one turn of the Siemens armature 
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corresponds to two turns on the Gramme armature 
taken at opposite points on one diameter of the ring. 
Hence, the calling the longitudinal dimension of 
either armature /, and its diameter d, the length of 
wire necessary to make one complete turn of the 
Siemens armature will be 2 (/+-d), while that neces- 
sary to make the equivalent two turns of the 
Gramme ring will be 4 / (neglecting the thickness of 
the iron ring, which may be relatively small). 
Hence, the Gramme will be better if 4 / is iess than 
2 (1+d); the Siemens better if 4/ is greater. If 
4 /=2 (/+d), or if /=d, then they will be of equal 
power. Hence, it follows that of necessity the 
Siemens armature should be long in proportion to 
its diametral thickness, while the Gramme will be 
best if the diameter of the ring be greater than its 
thickness parallel to the axis, For reasons of con- 
struction it is also found advisable to make the 
rings of the Gramme machine flat wide rings rather 
than deep narrow ones, 

We will now finally follow M. Breguet into his 
inquiry into the cause of tbe dissymmetrical posi- 
tion of the commutator brushes of dynamo-electric 
machines, Experience has dictated that to obtain 
the best possible results it is necessary to adjust 
the brushes which take the current from the com- 
mutator to an oblique position, different from that 
dictated by theory. Moreover the amount of this 
angular displacement is found to vary with different 
speeds of the machine, and with the work done 
in the circuit. Neglect of this matter leads to 
sparking at the commutators and consequent wear 
and waste. In the Brush machine and in the 
Weston, and some other forms, there is indeed a 
particular adjustment to enable the brushes to be set 
at will, Another point which has hitherto been quite 
unexplained is that if the machine were being em- 
ployed as a generator of currents, this displace- 
ment of the brushes must be a lead, or a displace- 
ment in the direction of the rotation, while in the 
case in which the machine was used as a motor, the 
brushes must be displaced in the opposite direc- 
tion to that of the rotation, or with a negative 
lead. In spite of these plainly incompatible con- 
ditions it has always been customary to attribute 
the practice thus dictated empirically by experience 
to the slowness with which the soft iron of the 
armatures loses its magnetism, or in other words to 
the retardation of demagnetisation. If we go back 


to the simplest of all the forms of movable rotating 
conductor we have considered, it will be apparent 
that the best moment for changing the direction of 
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the current in the conductor is that instant when 
perpendicular common to the conductor and to the 
effective lines of force in the field passes through 
the axis of rotation. Thus, in Fig. 22 if the lines of 


ic “oe 
Fig. 22. 7 

force ran straight across the field from pole N to pole 
S, then clearly the best points to reverse the current 
would be at c¢ and ¢, or ona diameter at right 
angles to NS. Now, up to this point it has been 
assumed that the magnetic field is symmetrical across 
between the poles, and that the greatest number of 
effective lines of force run across straight from N to S, 
or at least in gentle ares symmetrically above and 
below the line NS. As a matter of fact this is 
never the case, since the presence of the conductors 
carrying the vertical currents is sufficient to in- 
troduce serious modifications in the positions of the 
lines of force. Around the conductors which 

the electric currents there is also a “field” of 
magnetic force in which the lines of force are 
arranged, not radially as about the poles of magnets 
but in concentric circles. The presence of the 
current then changes the total directions of the 
forces at work in the field, and throws the lines of 
force into new places. In fact, as mentioned in our 
first article, the ee lines running across the 
field from N to S will be distorted, as shown in 
Fig. 22 into an §-shape, illustrating unmistakably 
the tendency to move in opposite directions the con- 
ductors L' and L, in which the current is flowing in 
opposite ways. From the principle laid down above, 
it follows that the most advantageous position to 
reverse the current is, therefore, not along the dia- 
meter cc', but along the diameter gg’, drawn at 
right angles to the chief line of force at the centre, 
The angle between these two diameters is clearly the 
angle at which the contact brushes ought to be dis- 
placed, in order that the current may be reversed at 
the most favourable moment. We are here con- 
sidering the case where a current is being used to 
produce motion, that is to say, where the Gramme 
machine is being used as a motor. Now the form of 





the —— line will depend on the relative 
strengths of that part of magnetism in the field due 
to the field magnets N S, and that due to the 
current. If the current is relatively weaker, the 
§-shaped curve will be more nearly a straight line, 
if the current be powerful (relatively to the magnets) 
then the line running from N to S will be a well- 
formed §. Now, this clearly implies that if the 
current is strong, relatively to the magnet, the 
angular displacement of the contact brushes, c' 0g’, 
will be great, while, if the current is relatively 
weak, the displacement of the brushes will be small. 
Again, it is well known that when an electro-motor 
is running with a great velocity there is a reaction 
current set up in it in an opposite direction to that 
which produces the motion and ——eE to produce 
an opposing electro-motive force. an electro- 
motor is allowed to run very rapidly this opposing 
induced current will reduce the supplied current 
to a fraction of its original strength. The maximum 
work is done by an electro-motor when this reaction 
current just halves the original current. Hence if 
an electro-motor whose armature is running in an in- 
variable magnetic field be doing light work, and 
therefore be running very quickly, the reaction cur- 
rent will reduce the total current in the conductors 
relatively to the power of the magnets, and under 
such circumstances, the displacement of the contact 
brushes will be small, If the motor be doing 
heavy work, and its velocity be therefore slow, the 
reaction current will be feeble and the total current 
strong in proportion to the magnets, hence the 
brushes must be displaced through a large angle. 
The rule, therefore, for dynamo-electric machines 
used as motors is that the contact brushes must 
be displaced in an inverse sense to that of the 
rotation of the armature, and with an angular dis- 
placement, which is greater as its velocity is less, or 
as the work done by the motor is greater. 

Now consider the case where the machine is used 
as a generator. If the armature be driven round in 
the field mechanically, the current generated will be 
in the opposite direction to that of a current which 
we have supposed to produce a rotation in the same 
sense. Hence, if we think of the magnetic forces 
due to the current thus induced in the conductors 
we shall see that they will produce a displacement 
of the lines of force in the field, but this displace- 
ment will be the converse of the former case; the 
chief line of force crossing the centre of the field will 
be §-shaped as before, but will be reversedin position 
as compared with that shown in Fig, 22, and will 
pass from N above L' below L, and so to S. In 
this case the diameter of commutation g'g will 
cross the line c' c from right to left, and the contact 
brushes must be displaced in the same sense, as the 
rotation of the armature, or must be set so as to 
have a true lead. Here again the question of the 
relative strength of the magnetic forces due to the 
current and to the ——— comes into play. If 
the field magnets be simply permanent steel magnets, 
or if they are electro-magnets excited by a current 
generated independently from another source, then 
the electromotive force in the rotating armature will 
be, as shown by the researches of Mascart and Angot, 
and others, simply proportional to the velocity of 
rotation, In that case, if the resistance of the circuit 
is constant, the strength of the current will also rise 
proportionally to the velocity and, the deformations 
of the field, and hence the angular displacement of 
the contact brushes must be greater as the velocity 
is greater. The rule is therefore for magneto- 
electric machines, and for those dynamo-electric ma- 
chines in which the field magnets are separately 
excited, when used as generators, that the contact 
brushes must be displaced in the same sense as that 
of the rotation and with an angular displacement 
which is greater as the velocity is greater. 

Finally, take the more common case where the 
field magnets of the dynamo-electric generator are 
excited by the current generated, or are included in 
the circuit of the machine. With small velocities 
before the electro-magnets have nearly attained their 
maximum magnetisation, the strength of the magnets 
will increase as the strength of the current, Hence 
the relative intensities of magnets and of current 
grow almost at the same rate, and the displacement 
of the contact brushes need only be small. With 
ter velocities, however, and stronger currents the 
magnets will begin to approach their condition of 
saturation, when any increase in the strength of the 
current no longer produces anything like a corre- 
sponding increase in the power of the magnets. 
nder such circumstances it is clear the deforma- 





tion of the lines of the field will become greatly 
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exaggerated, and the displacement of the contact 
brushes must be very great. M. Breguet tells us 
that with magnets too small in Proportion to the 
armature, and with a velocity of 1770 revolutions 
per minute, he has succeeded in obtaining con- 
ditions which necessitated that the contact brushes 
should have a lead of 70 deg.. A simple calcula- 
tion leads to the conclusion that for great velocities 
the tangent of the angle of the lead should be 
proportional to the number of revolutions per 
minute, 

Before entirely quitting the subject, we will just 
state what part is really played in this phenomenon 
of dis-symmetry of commutation by the tardiness of 
the iron ring in receiving or parting with its 
magnetism. ‘The presence of the iron ring exercises 
two influences quite distinct from one another. 
Firstly, since it requires time to magnetise or de- 
magnetise it, it will necessitate that the contact 
brushes be displaced a little in advance of their 
theoretical position, or with an increased lead. 
This displacement, always in the sense of the rota- 
tion, will, therefore, diminish the total displacement 
where the machine is used as a motor, but will in- 
crease it where used as a generator. In either case, 
however, its influence is quite small. M. Breguet 
found experimentally that even with the enormous 
speed of 1770 revolutions per minute the displace- 
ment due to this source did not exceed 10 deg. 
Secondly, the presence of the iron ring increases the 
intensity of themagnetic field, concentrating a greater 
number of lines of force in it, and, therefore, tending 
to reduce the deformation in its symmetry. This is a 
most important influence, and it will be seen that 
in the case where the machine ia used as a generator 
the presence of iron in the armature tends to bring 
back the most favourable position of the contact 
brushes towards the position of symmetry, that is, 
tends to diminish the angular displacement which 
must otherwise be observed. The action of the iron 
of the ring is, therefore, absolutely the contrary to 
that commonly attributed to it; for, so far from 
necessitating a displacement of the contact brushes 
in the direction of the rotation, it absolutely serves 
to diminish, and that very considerably, the angular 
displacement necessitated by the dis-symmetry of 
the magnetic field. 

The researches of M. Breguet place the whole 
theory of the Gramme machine in a new and in- 
telligible light. They not only clear up the dis- 
crepancies hitherto existing, but lay down the basis 
upon which all future dynamo-electric machines 
must be constructed. The part played by the iron 
ring as a magnetic screen comes now for the first 
time to light; and by the aid of the reasonings now 

ut forward one begins to see the ra¢ionale of many 

etails hitherto dictated only by empirical practice. 
It is to be hoped that practical electricians will not 
be slow in turning these careful and ingenious de- 
ductions to good account. 








THE EXPLOSION OF THE 88-TON GUN. 

Tue greater portion of the remains of the 38-ton 
gun lately burst at Woolwich have been collected 
together, and are now on view at the Arsenal. It 
would perhaps be premature at the present moment 
to infer too much from the appearance of the frag- 
ments until they are pieced together, and built u 
into the shape of a gun; but, nevertheless, muc 
may even now be learned by a close observation of 
the fragments of the gun and projectiles. 

Though it has been procleimed with much noise 
by the partisans of the Thurderer Committee that 
the two guns burst in an identical manner, we 
think that the most superficial observation will con- 
vince anybody that this is not the case. The gun 
experimented upon at Woolwich burst in a very 
much more violent fashion than did its duplicate on 
board the Thunderer, Leaving out of consideration 
for the present the total number of pieces into 
which each weapon broke up, for the number of the 
fragments of the Thunderer gtn’ can never be 
known, we would call attention to the condition of 
the fragments. In the case of the one first burst, 
the whole of the breech end of the gun, as far as 
the end of the jacket coil, is intact, and to all ap- 

earances as sound to-day as when first it left the 
actory; and part of the I.B. coil enclosing the 
breechpiece also remains; while in the case of the 
other, not only has the breech end of the LB. coil 
been totally destroyed, but the shoulder of the 
jacket or coil has been blown clean away, and the 
jacket itself is split from end to end. Now, though 
the shoulder might have been wrenched off by the 








leverage of the fragments of the I.B. coil which it 
enveloped, still it is absolutely impossible that this 
could have been the case with the main body of 
the jacket, which appears to have simply burst 
asunder from the effects of enormous internal pres- 
sure, and it yielded while the barrel and breech coil 
remained intact, probably because the initial tension 
was higher here than in any other part of the gun. 
Thus the gun may be said to have burst from end 
to end, for the only part that still remains intact, 
is a short piece about 18 in. to 2 ft. inlength, at the 
extreme muzzle end. 

In the case of the first gun, the principal lines of 
external fracture were transversal or ring-shaped, 
while in the second the principal pieces are large 
longitudinal stave-shaped segments. ‘The explana- 
tion of this excessive violence of explosion is to be 
found in the projectiles, The front or common 
shell appears to have been violently run into by the 
Palliser, after it had moved a little way forward, 
and when the latter had acquired a considerable 
velocity. The effect of this sudden blow was that 
the soft common shell was. wedged or split open by 
the point of the Palliser, and pressed radially out- 
wards, and part of it moulded cold into the 
grooves of the rifling, an exact impression of 
which was taken by some of the fragments of the 
shell, as if they had been made of so much wax. 
The effect of this enormous radial pressure was of 
course to split open the gun, mechanically, in the 
manner supposed by Sir W. Palliser, with a wad; 
and then the large quantity of powder gases gene- 
rated by the explosion of the double charge pro- 
bably accounted for the great violence of the dis- 
ruption. It does not seem easy to account for these 
marks on any other supposition. The Palliser shell 
was broken into two principal pieces by the force of 
the blow, and the flat front end of the hind portion 
apparently struck a fragment of steel barrel near 
the muzzle, completely wiping out the rifling, and 
then struck the fractured rear face of the steel barrel 
of the intact muzzle piece, jumping it up cold, as if 
it had been a plastic material, and demonstrating, 
if it did nothing else, the splendid quality of the 
steel. 

As the fragments of the gun are not at present 
grouped systematically together, it is very difficult 
to fix upon the precise spot where the collision 
between the two projectiles took place. The ascer- 
taining of this point is one of the greatest importance, 
and will perhaps throw more light on the succession 
of events which took place inside the gun, and which 
culminated in the burst, than any other piece of 
evidence. There is another point to which attention 
should be called. Of the recovered fragments of 
the Thunderer gun, only five pieces seem to have 
been scored by a passing projectile ; while of the 
weapon destroyed at Woolwich quite a large pro- 
portion of the fragments seem to have been thus 
marked. 

The pressure gauges, which have now all been 
recovered, have failed to give evidence of any 
abnormal powder pressure, The copper cylinders 
were all, unfortunately, in anticipation of very high 
pressures, crushed up to 36 tons per square inch, 
and they have none of them recorded a higher 
pressure. 

These observations, so far as they are of value, in 
the absence of complete drawings of the fractured 
parts of the gun, arranged in their proper places, 
tend to show that the circumstances, and con- 
sequently the causes of the two explosions, were 
different. 


UNIVERSAL MILLING MACHINE. 

On page 155 we illustrate a universal milling machine 
made by the Britannia Manufacturing Company of Col- 
ehester, and which is a very excellent example of the class 
of tools turned out by these makers. The bed is 6 ft. long 
and the traversing table can be moved vertically 12 in. and 
horizontally 9in. The headstock is back geared and 
has a four-speeded cone pulley, and the gear is thrown in 
and out by an eccentric. Above the headstock is a 
shaft on which slides a bearing to support the outer 
end of the cutter mandrels. By this arrangement very 
wide cutters or a series of cutters of different forms can 
be employed, so that plane surfacing up to a width of 
14 in. can be done at one cut. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 
Glasgow Pig-[ron Market.—Iu consequence of an ad- 
vance of 2s. on the price of Gartsherrie iron, the warrant 
market was firmer last Thursday, and prices closed 9d. per 
ton over those of the previous There were transac- 
tions in the forenoon at from 683s. 4}d. to 69s. cash, and 








from 68s. 9d. to 69s. 6d. one month, the market closing with 
buyers at 69s. cash and 69s. 44d. one month, and sellers 
asking 14d. more per ton. In theafternoon from 69s. 43d. 
to 68s. 10}d. fourteen days and from 69s. 14d. to 68s. 8d. 
cash were the quotations, and at the close there were 
buyers at 69s. eight days and 69s. 3d. one month, with 
sellers at lid. higher. The warrant market was again firm 
on Friday, and prices improved to the extent of 1s. per ton 
over those of Thursday, and the closing prices were 7}d. 
over the final quotations of the preceding week. Business 
was done in the morning at from 69s. 3d. to 69s. 10id. 
cash, and 70s. fourteen days; and the market closed with 
sellers at those prices, buyers offering 14d. less per ton. 
There was a further ingeovenee® in the afternoon, from 
69s. 9d. to 70s. 14d: cash, and from 70s. 14d. to 70s. 5d. 
one month, the market closing with sellers at 70s. 14d. 
cash and 70s. 44d. one month, and buyers 14d. less. 
Firmness was again the rule at the opening on Monday, 
and a large amount of business was done ; towards the 
close, however, priees became weak, and closed 6d. per 
ton under last week’s final quotation. There were trans- 
actions during the forenoon at from 70s. 6d. to 70s. 10}d., 
and then down to 70s. 44d. cash, and from 71s. to 71s. 3d.and 
down to 70s. 9d. one month, the market closing with sellers 
at 70s. 44d. and 70s. 9d. cash and one month respectively, 
and buyers offering 1}d. under. Prices went down in the 
afternoon from 70s. 14d. to 69s. cash and from 70s. 6d. to 
69s. 6d. one month, but closed a little firmer, with buyers 
at 69s. 6d. cash and 69s. 10}d. one month, and sellers ask- 
ing lid. per ton over those prices. Yesterday’s market 
opened steady but quiet, with sellers at Monday’s closing 
price, 69s. 6d. cash. Business was subsequently done at 
69s. 6d. to 69s. 9d. various prompts, improving to 70s. cash, 
and 70s. 9d. one month lone, receding to 70s. 6d. one 
month, but returning to 70s. 3d. cash buyers, and 70s. 6d. 
fourteen days paid. The afternoon market opened dull, 
70s. 6d. fourteen days for sellers, 70s. cash accepted, then 
quickly sellers at 69s. 9d. to 69s. 6d. cash, and again 
69s. 3d. improving to 69s. 6d. cash paid, and the market 
closing nominally there. The market opened dull this 
forenoon and was a. A fair amount of business 
was done at from 69s. 3d. cash and 69s. 6d. fourteen days 
to 68s. 9d. cash and 69s. one month, recovering to 69s. 3d. 
cash and 69s. 7id. one month, but. closing easier, sellers 
69s. cash and buyers at 69s. 10}d. There was a quiet 
opening in the afternoon, 68s. 104d. to 68s. 5d. cash, 
69s. 4}d. to 69s. 14d. one month done; subsequently 
68s. 9d. cash was a , the market closing with 
sellers at 68s. 8d. cash, and buyers 69s. one month. 
For some time past the market was characterised by hesi- 
tancy and want of confidence, as was manifested in the 
sudden fluctuations which took place ; there is now, how- 
ever, a firmer belief in the stability and permanency of the 
demand, all the more so that the price of Middlesbrough 
iron now seems scarcely to be affected by the fluctuations 
inthe Glasgow market. A better tone has prevailed in the 
market during the past week, and a healthier and more 
satisfactory business has been done, the impulsive blind 
buying which was such a marked feature recently, having 
almost, if not quite, entirely disappeared. Attention has 
just been drawn in a very pointed manner to the remark- 
able disparity in the prices of Cleveland and Scotch pig 
iron last October as compared with the prices now ruling 
in the two leading seats of the iron trade. Relatively, 
Scotch iron at 70s. is decidedly cheaper than it was in Oc- 
tober, when the price of warrants stood at 68s. The 
American demand has again been very good, and more 
business has been done than for some weeks past. Special 
brands being steady, buyers came on, and parcels in second 
hands have been held for close upon makers’ quotations. 
Vessels continue to be engaged freely for the United States 
ports. A few days ago there were over a dozen sailing 
vessels loading for those ports, chiefly Philadelphia. A 
considerable amount of business has lately been done in 
No. 3 iron to take the place of Middlesbrough iron, which 
would have been delivered in the Glasgow district but that 
Scotch iron is now cheaper. Not only is the general de- 
mand better, but it is likely to improve as the spring ship- 
pageies advances. There is no alteration to report as 
to the number of blast furnaces in operation, which remain 
the same as last week, there being 111 blowing as against 
88 at the same time last year. The stock of pig iron at the 
end of last week in Messrs. Connal and Co.’s public war- 
rant stores, amounted to 441,537 tons, showing an increase 
for the week of 2536 tons. Last week’s shipments from all 
Scotch ports amounted to 10,617 tons, as compared with 
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7272 tons in the corresponding week of last year. 


New Shipbuilding Contracts.—Messrs. Dobie and Co., 
Govan Shipbuilding Yard, have just concluded a contract 
to build a very large twin-screw steamer for the Atlantic 
trade. She is to be constructed entirely of steel, and her 
length will be over 425 ft., with a gross tonnage of 4000, 
and a displacement of 8000 tons, while her engines will 
indicate over 3000 horse power. This vessel will be the 
largest ever built by Messrs. Dobie and Co. I[t is stated 
that a contract for a very large screw steamer, said to be 
upwards of 500 ft. long, has just been booked by one of the 
shipbuilding firms in the upper part of the Clyde. Messrs. 
Scott and Co., Cartsdyke, Greenock, have contracted to 
build two steamers for the Compagnie Générale Trans- 
atlantique of the following dimensions: Length, 180 ft. ; 
mene 25 ft.; depth, 17 ft. 6 in. ; gross tonnage, 550 tons 
each. 


The Forth Bridge.-On Monday ‘morning Mr. William 
Arnol, Dalmarnock Iron Works, Glasgow, the chief con- 
tractor for the Forth Bridge, began operations at South 
Queensferry with a large staff of workmen with the in- 
tention of pushing on the preparatory works connected 
with the erection of the Forth Bridge as actively as possible. 
It is believed that the Board of Trade will consent to allow 








the bridge to be built at a lower height than that formerly 
resolved upon. 
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A NEW METALLIC COMPOUND.* 
By GRANVILLE Coug, Ph. D. 

Tux paper which I am about to read this evening, affords 
me the privilege of appearing for the first time before a 
meeting of the members of the Society of Arts, and I hope 
you will grant me your indulgence for any shortcomings 

t appearance as a public" 


which may attend this, my 
lecturer in England. ; 

The subject of the paper is the discovery of a metallic 
compound, which I shall prove to you is new, and I shall 
endeavour further to set forth a few facts, attested by ex- 

riments, in respect of its nature. Iam duly impressed 
with the very technical character of my subject, and the 
tendency there must be, in dealing with it, towards a cer- 
tain dryness in my remarks. But, while I trust that 
many of the data will appeal with special interest to engi- 
neers and other practical men, I still hope to arrest your 
attention by showing you to how many artistic and indus- 
trial purposes this new metallic compound may be put. 
In the first place it will be right to give a brief account of 
the metal. 

Nearly a year ago, Mr. J. Berger Spence discovered that 
the sulphides of metals, combined with molten sulphur, 
formed a liquid. This liquid, on cooling, became a solid 
homogeneous mass, possessing great tenacity, and having 
a peculiar dark grey—almost a black—colour. Nearly 
every metallic sulphide which is known, combines, as ex- 
periments have proved, with an excess of sulphur,| and 
curiously enough, nearly all these combinations have the 
same properties. The combination, of which I have speci- 
mens here for inspection, consists of an ore of iron pyrites 
containing both lead and zinc a. 

Examining the metal from a chemical point of view, I 
may state, briefly, that it is a chemical compound belong- 
ing to that class known as thiates, or sulphur sulphides. 

Dr. Hodgkinson, chemical demonstrator at the Science 
Schools, South Kensington, has kindly sent me the follow- 
ing facts. I caunot do better than quote his letter on the 
subject : 

‘*It appears to be the easiest thing in the world to obtain 
a homogeneous casting withit. Specific — of portion 
sent gave 3.3743 to 3.7036 (reduced to 0 deg. C.) 

‘* When finely powdered, it is acted upon slowly by 
concentrated HCl. and NO? HO in the cold; in large 
lumps, little or no action takes place. As yet I have not 
been able to determine the expansion equivalent accu- 
rately ; it would appear, however, to be small. The frac- 
ture is not conchoidal, as might perhaps have been expected, 
but somewhat like that of cast iron. 

‘*T have not had time to try many ‘ utilisation experi- 
ments’ on the substance, but I have no doubt it would be 
exceedingly useful in the ever seg A even, for instance, 
for making the air-tight connexions between glass tubes by 
means of caoutchouc, and a water or mercury jacket, 
where rigidity is no disadvantage; the fusing point is so 
convenient, about 340 deg., that it may be run into the 
outer tube on to the caoutchouc, which it grips, on cooling, 
like a vice, and makes perfectly tight. 

“Tdon’t know what you may call ‘the material, but 
should think, as it seems to be more than a mere mixture, 
‘ ferric thiate’ would not be a bad or inappropriate name.”’ 

I propose, this evening, to illustrate, by experiments 
such as are possible at a lecture, some of the properties of 
the metal. I will begin by giving youa short summary of 
its peculiarities, and its advantages over those of other 
metals or metallic compounds. 

1. It has a comparatively low melting point, viz., 320 deg. 
Fahr., or rather more than 100 deg. above the temperature 
of boiling water. Here, then, we have in its favour the 
small amount of fuel needful to supply the necessary heat 
for reducing the metal to a condition for use. 

2. Itexpands on cooling, a property not shared by the 
majority of other metals or metallic compounds. I be- 
lieve that type metal and bismuth are two exceptions. Later 
on, I think I shall convince you that, for an operation like 
the joining of gas and water pipes, this expanding pro- 
perty is one of great importance. 

3. It claims to resist apen gece or climatic influences, 
as compared with bronze and marble. I ‘noticed only a 
few days ago how the statues in bronze, on) the] Holborn 
Viaduct, had been affected by our London fogs. 
have evidence to produce in the direction of showing the 
imperviousness of the metal to such degrading influences. 

4. As compared with other metals of metallic com- 
pounds its resistance to acids, used commercially, to 
alkalies, and to water, is certainly superior. 

5. A smooth surface of this metal or metallic compound, 
now known commercially as Spence’s metal, takes a very 
high polish. I will illustrate this to you by casting some 
of this molten metal on to a surface of glass. 

It may, perhaps, be interesting to my hearers to learn the 
manner in which Mr. Spence first thought of utilising this 
metal for works of art. In order to obtain a perfectly smooth 
surface, he had been running molten metal on to a piece 
of glass as I have just done. But before doing so, he had 
chanced to touch the glass, and had left the marks of the 
pores of the skin of his fingers upon it. On removing the 
metal, these marks were found to be reproduced, and so 
indelibly that they did not disappear on polishing the sur- 
face metal. This led Mr. Spence to try to cast the metal 
ina mould; and although at present no artistic work of 
high order has yet been reproduced, yet I venture to think 
that enough has been done to justify the expectation that, 
in a short time, standard works of both ancient and modern 
art may be successfully and usefully reproduced. Various 
colours, such as the green patina of bronze, the dark blue 
hue of steel, and the appearance of silver and gold, have 
already been obtained. Experiments are now in progress, 
which give promise of enabling those who adopt this 
metallic compound for such uses, to reproduce metallic 
works in their original colours. 








* Paper read before the Society of Arts. 





I have here a casting that was oe 5 eee 


engraving ; every line, however minute, has repro- 
duced in Spence’s metal. iments are now. heing 
carried on to test the adaptability of the metal for printin 
and stereotyping purposes, but they are not complete, sot 
refrain from giving you any facts about them. 

Besides this, experimental castings have been made of 
various medallions and busts; notably, this large bust of 
her even f the Queen. The metal in this case has not 
subsequently been treated in any way beyond being 
polished with a cloth. The metal can be cast into almost 
any material used for moulds. 

r. Spence has succeeded in obtaining casts from metal 
moulds, plaster moulds, and even from gelatine moulds. 
These last are probably the first metalliccastings produced 
from gelatine moulds. Spence’s metal being almost a non- 
conductor of heat, cools so rapidly in the gelatine mould 
that it yields a perfect impression before the form of the 
mould is destroyed, and if the gelatine be allowed to re- 
main on the metal till cold, it remodels itself ready for the 
next casting. It is, therefore, hoped that an additional 
process has been secured, by which the most undercut 
objects may be reproduced successfully and easily. 

The advantages which Spence’s metal possesses over 
other materials used for artistic productions, may be 
summarised under three heads, viz.: 1. Cheapness. 2. 
Facility of working. 3. Resistance to climatic influences. 

Cheapness.—As compared with lead, which is one 
of the cheapest of metals, it is one-third the weight ; and, 
whereas the average cost of lead for the last ten years 
been nearly 18/. a ton, Spence’s metal only custs 151. A 
ton of Spence’s metal being three times the amount in 
bulk of that of a ton of lead, it is available for three times 
the amount of work. It may, therefore, be considered to 
be nearly a quarter of the price of lead, and, consequently, 
bag | considerably less than that of bronze. 

acility of Working.—Its melting point being very low, 
it can be very easily prepared for pouring into a mould, and 
its apasoss | .of expanding, when cooling, causes it to take 
such a perfect impression, that the cast requires very little 
chasing after. In respect of a gelatine mould, which can 
cover a considerable surface of work without joins, 
such as one has to make in plaster piece moulding, the 
metal cast obtained from such a mould would require no 
chasing whatever. 

Resistance to the Atmosphere.—With regard to its re- 
sistance to climatic influences, experiments have been con- 
ducted in this direction with complete success. A polished 
surface of the metal has been sed for six months in 
all weathers, without showing the least change. 

Mr. Wood, the secretary of this Society, has had a 
medallion, which I sent him a month ago, exposed to all 
the recent fogs and frosts, on the outside of this building. 
og rn judge and see for yourselves how well it has stood 

is test. 

Not to confine myself to his test alone, I have here 
another medallion of this metal, which Mr. ‘Wood tells me 
has been left for the same period in aqua-regia, one of the 
strongest acids known. You see how little effect the acid 
has had on the surface ofthe metal. Ibelieve that no work 
of art in any other substance would bear this test without 
suffering. I will here endeavour to show you the effect the 
same acid has on marble or bronze. I venture to think 
that if Spence’s metal has resisted this acid for a month, 
it ought certainly to be able to resist the climate of London 
for a very much longer period. I, therefore, beg to submit 
that this metal, if skilled labour is brought to bear on it, 
ought to be of great value for decorative purposes, both 
internal and external. 

I will endeavour now to point out to you the uses to 
which this metal may be applied for industrial purposes. 
AndI propose to divide these purposes under three heads : 
1. Gas and water works. 2. Chemical works. 3. Mis- 
cellaneous. 

Gas and Water Works.—As practice is better than 
theory, I will simply relate, as best I can, those experi- 
ments which have been tried at the South Metropolitan 
Gas Works. Experiments, under the direction of Mr. 
Livesey, were made some weeks back; two pipes were 
—— this metal in much less time than would have 
_ en had lead been The pipes, after 


5a been ad maroc 
having been joined, were tested under pressure, but no 


leniage wee found. 

df Joining Pipes with Lead.—In order to show 
the ial advan this metal Las over lead, it will be 
as well here, if I endeavour to tell you how gas or water 
ary are joined when lead is used. The pipes having been 

id together, the joint is packed with yarn; clay is then 
laid round the exterior of the joint, and the molten lead is 
runin. Unfortunately, lead possesses the property of con- 
tracting on cooling. The leaden joint has, therefore, to be 
* caulked,”’ or, as it is called in the north, staved. This 
caulking, or staying, means wedging the iead into the joint, 
in order to obtain a perfectly tight join. This caulking 
naturally occupies considerable time, and necessitates exca- 
vation, in order to allowthe men to work all round the 
pipes. 

Excavation and caulking are both rendered unnecessary 
by the use of Spence’s metal. The pipes have only to be laid 
together, and after the yarn has been forced into the joint 
and the clay placed, the liquid metal is run into the joint, 
the clay is removed, and the joint is finished. The metal 
does not splash in bier om j into the mould, thus avoiding a 
great source of waste of material, and danger to work- 
men. 

Experimeuts were also tried to test the metal joints in the 
event of subsidence of the ground. Four lengths of 9 ft. 
piping, 6 in. diameter, were joined with the metal, and 7 
ported on trestles. After the metal had set, which it did 
in a few minutes, the centre supports were knocked away, 
me | only the twoend ones. The 36-ft. length of piping 


in., without showing, even after pressure, a 
These experiments were so satisfactory, that the South 


has | certain temperature, say 200 deg. Fahr., I venture 





Metropolitan Company have adopted the metal, and are 
now laying their pipes with it. . Livesey, chief 
ee: writing on the subject to Mr. Spence, says: 
‘We have now only the test of time, and that, I think, we 
may take the risk of.’’ Others of the London gas works, 
and a very large number of ‘provincial gas works, are 
adopting it. 

In the same way, it will be useful for water works. Mr. 
Hope, who undertook some experiments in Scotland, re- 
ports that at the Edinburgh Water Works two pipes were 
joined, and subjected to a pressure of 400 ft. of water, 
which was as much as they could get on without the joint 
showing any leakage. This is the test pressure which 
we have as yet been able to put it to: so what it will 
actually bear, I am not at present in a position to say. 

From a sanitary point of view, as water has no action on 
the metal, it would be extremely valuable for cisterns, 
instead of iron or lead. Being almost a non-conductor of 
_ pipes might be lined with it to prevent the water from 

reezing. 

Uses to Chemical Works.—The metal being less acted 
upon by acids than other metals, it may also be of service 
to chemical manufacturers. er especi to sulphuric 
acid, which is the most extensively of all acids in com- 
merce. Lead has, up to the present, been used for sul- 
phuric acid tanks. have myself tested the metal with 
sulphuric acid, and its actionis almost imperceptible. The 
one objection to the use of this metal in this case is its low 
fusing point, but when acids have only to be used up to a 

re- 
dict a large field for its use. 

Besides the uses I have thus briefly and, I am afraid, 
somewhat imperfectly set before you, there are many others 
to which the metal may be applied, for instance, joining 
iron to stone or wood, the tensile strain of the metal being 
from 650 Ib. to the square inch five minutes after setting. 
For joining railings to stone it would answer eq as 
well as lead, and cost very much less; also for coating the 
holds of ships. I have been told that an Act of Parliament 
has been passed by which builders are compelled, if the 
district surveyors desire, to cover the walls of houses after 
they are built 2 ft. out of the ground, with some material 
to prevent the damp from rising. It seems to me that 
Spence’s metal is peculiarly adapted for this purpose. 

I will illustrate to you some of the other uses to which 
this metal may be put. For epson on sealing bottles ; 
for covering cloth ; for covering parcels that are being sent 
out to hot climates, thus obviating the use of lined boxes ; 
for aap atone he gon or other articles of consumption ; and 
I may state that experiments on a scale are still being 
carried on at Mr. Spence’s works, Belvedere, Kent. 

I feel sure we have not yet come to the end of all the 
uses this Spence’s metal may be put to, but I trust that I 
have nae sufficient to induce you and others who may 
be interested in this discovery to make further investiga- 
tions. If my paper is somewhat shorter than is usual, it is 
to some extent owing to my hesitation to make any state- 
ment which either Mr. Spence or I have not verified by 
actual experiment ourselves. Ihave already shown you a 
few of them, viz., casting on glass, casting an engraving, 
casting in metal moulds, casting in plaster moulds, casting 
in — resistance to atmospheric action, resistance to 
acids, resistance to acids as compared to bronze or marble, 
and uses in gas and water works. In conclusion, I express 


a hope that I have established the p: ition with which I 
started, and I trust you are satisfied that this Spence’s 
metal is a discovery which has a prospect of much utility to 


the fine and industrial arts, and that I have been justified 
rns it before the attention of the members of the 








THE SCREW PROPELLER. 

On page 353 of our twenty-seventh volume we published 
the essay on the ‘‘ Screw Propeller,’”’ by Mr. Arthur J. 
Maginnis, to which the prize was awarded by the Institu- 
tion of Naval Architects. As 7 lemental to this essay 
~ author has ——s the ; os = the os . 

e propeller upon the steering o ps. From a sho 
experience and study of this important subject, the writer 
is of opinion that the effect is contrary when the engines are 
first starting to that which has been generally stated and. 
accepted. It has often been stated that steamers with 
right-handed propellers would (if the helm were kept amid- 
ships and a calm iled) round in a circle to 
the right hand (or star’ ) left-handed propellers 
in a circle to the left hand (or port). The following ex- 

lanations will serve to render more clearly the opinions 

‘or the contrary being the case when the steamer is just 
&tarting or moving slowly ahead, i.e, that a right-handed 
ropeller will make the ship describe the circle to the 
eft hand and vice versd. lans of vessels with right 
and left-handed pellers are given in the diagrams 
with arrows pointing to the courses which each would 
take, and under two of these plans are vertical eleva- 
tions of the propeller looking forward; Fig. 1 bei 
the first case when the steamer is just starting, 
Fig. 2 the second case when the steamer is going 
ahead at a moderate or full speed. In the first case 
Fig. 1, —_ the right-handed lier first, it may 
be seen that the water acted on by the top blade A has a 
most roundabout ye oe to the screw port and is 
consequently much di , 80 that the resistance to the 
blade is greatly decreased, as is also that to the ascending 
lade D, which owing to the decreasing density is gradually 
inclining to lift or push the water before it ; then turning 
to the other blades it may be seen that the lower blade C is 
thrusting against the most dense and least disturbed water, 
and the descending blade B is gradually meeting with in- 
creasing resistance, the consequence being that as the re- 
sistance to the lower blades is much greater than that to 
the upper, the centre of shaft the centre of effort 

ill be inclined to move in the same direction as the upper 
blades which have the lesser resistance (this direction is 
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shown by the arrows), and as the stern of the ship con- 
tains or holds this centre of effort it must of neces- 
sity tend to go in the same direction, which in the case of 
the right-handed propeller will be to the right hand, so that 
the vessel’s head will go off to the left hand (or port). In the 
case of the left-handed propeller, for the same reasons the 
stern of the vessels must of necessity tend to go to the 
left hand, and thus make the vessels head go off to the right 
hand, or starboard. 

In brief nautical language, the result is when steamers 
are just starting, those with right-handed propellers will 
answer their starboard helm quickest, and those with left- 
handed propellers their port helm. Then taking the second 
case, wen the steamer is going at a moderate or full 
speed ahead, it will be seen that the water above 
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the centre line of shaft has, as Professor Reynolds ex- 
presses it, obtained an onward motion in the same direction 
as the vessel herself, and sow owing to this, the 
water presents to the upper blades of the propeller a much 
greater resistance than to the lower, so that in this case 
the directions of the arrows on the vertical elevation 
will be exactly reversed, and, therefore, the vessels 
head will, if a right-handed propeller, go off to the right 
hand (or starboard) and if left-handed to the left hand (or 
port. In nautical language, stermers going at moderate 
or full speed ahead with right-handed propellers will answer 
their port helm best, and those with left-handed — 
their starboard helm best. On the other hand, or bi case, 
when the — and vessel are both going astern, either 
slowly or at full speed, the effect of a right-handed propeller 
is to draw the steamer’s head to the right (or starboard), and 
of a left-handed one to draw the steamer’s to the left (or 
). That is, provided there is no wind blowing, and that 

¢ rudder is kept amidships, for if it be moved it will ~~ 
duce strange results which I hope to point out later on. The 
most important matter, however, concert ing theactionof the 
—— on the steering, is the effect brought about by the 
len reversing of the engines from full speed ahead to full 
speed astern, the vessel still — a ype yr headway on, 
as is the case when coming into collision, and it is under these 
circumstances that the peculiar effects have most taken 
attention. These may be to some extent accounted for by 
the fact that the water or current which acts upon the 
rudder is drawn by the reversing propeller in a direction 
directly o ite to that which it would act upon it if 
the pro were at rest, as is shown in the plan 
ofi a vessel supposed to have t headway on 
with her helm hard a port, and the propeller (right- 
handed) working full speed astern. According to this, it 
may be seen that the real action of the rudder under these 
circumstances is to turn the vessel’s head to the left (or 


had been intended, the plan alongside of it, showing 
the course or direction intended, and which would have 
been taken had the propeller been stopped and not re- 
versed. ‘ 

This peculiar action is also assisted by the different 
effects of the top and bottom blades referred to before, as 
the vessel’s head will cant most and readiest when the 
rudder and propeller are acting in conjunction, or to speak 
more plainly when the rudder is placed to cant the vessel’s 
head in the same direction as the propeller would turn it. 

These statements are to some extent borne out if the 
reports of actual trials made by Professor Osborne Rey- 
nolds on the steamer Melrose in 1877, and published in the 
engineering papers, be correct. Figs. 5 and 6 are plans 
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/——___—— 80 as to be suitable to place in the wheel- 
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; wind no matter what may be the action of the rudder or 





port), that is in a direction directly opposite to that which 





showing these results. It may be seen that on the first ex- 


' 
' 
' 
' 












periment the steamer’s head had turned 28 deg. 
to the left (or port), the helm being hard a port, 
and on the second experiment the steamer’s head 
had turned 40 deg. to the right (or starboard), 
the helm being a starboard, the courses 
actually taken being in both cases directly 
opposite to that which the rudder under ordi- 
nary circumstances would have steered the 
vessel. 

The additional effect to the steering given 
by the propeller’s own action is shown very 
=\"---= clearly in the second experiment by the greater 
= angle (40 deg.) canted to than in the first, for 
= == inthis case the rudder and propeller were acting 

=== in conjunction, that is, both tending to make the 
vessel's head cant to the right (or starboard). 
= If the foregoing statements as to the effects of 
= screw propellers on the steering of steamers be 
= accepted, the following will be the various 
— effects under all circumstances for steamers 
~_—— with right or left-handed propellers so arranged 


house for the guidance of the commanders and 


crew. 
Errect OF ScREW PROPELLERS ON THE STEERING OF 
STEAMERS. 
Right Handed. Left Handed. 
First Case. 


Steamer and Propeller both starting Ahead. 
Propeller will drive steam- Propeller will drive steam- 
er’s head to port. er’s head to starboard. 
Steamer will answer star- Steamer will answer. port 
board helm quickest. helm quickest. 


Second Case. 
Steamer and Propeller both going Ahead Moderate or 
Full Speed 


Propeller will drive steam- 
er’s head to port. 
Steamer will answer star- 


Propeller will drive steam- 
er’s head to starboard. 

Steamer will answer port 
helm quickest. board helm quickest. 

Steamer will require a Steamer will require alittle 
little starboard helm to keep | port helm to keep straight 
straight course. course. 


Third Case. 
Steamer and Propeller both going Astern. 





Propeller will draw steam- Propeller will draw steam- 
er’s head to starboard. er’s head to port. 

Steamer will answer star-| Steamer will answer port 
board helm quickest. helm quickest. 


That is if helm be kept amidships, and no wind prevails, 
as in a breeze the stern of a steamer will always seek the 


propeller. 
Fourth Case. 
Steamer going Ahead, Propeller working Astern. 
If helm be kept amidships | If helm be kept amidships 





If helm be put hard a port, bbe render! ater port, 
ine yes ill turn steamer’s —— ill tarn steamer’s 
to port. ead to port quickly, and to 


a t —— 
If helm be put hard a star- ff helm at hard a star- 
board, propeller will turn | board, median will turn 
steamer’s head to starboard | steamer’s head to starboard. 
uickly, and to a great angle. 
tn this case the wind will not have much effect until the 
steamer has lost headway, and it must be noted that the 
position of the rudder is of paramount importance. 
However, the first and fourth of these cases are in ordi- 
nary service the only ones which call for particular atten- 
tion, more especially the fourth case, as the strange effects 
produced under these circumstances are almost always 



























experienced when steamers are in danger of coming into 
collision. 

It may not be ont of place here to call attention to a fact 
which every steamship company and owner should take par- 
ticular notice of, that is the serious loss occasioned both to 
them and the engineering profession, by permitting the 
valuable experience gained year after year on large mer- 
chant steamers to pass almost unnoticed and unrecorded. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


The Hull and Barnsley Railway.—There is considerable 
excitement in Hull in consequence of the determination of 
the Hull Dock Company to oppose in Parliament the 
scheme of the Hull and Barnsley Railway. The chief 
es of the line is Colonel Smith. Since the year 1844, 

he firm to which he is attached have been treasurers to the 
dock company. The colonel has been ousted from the 
Dock Board, and his firm have thrown up the appointment 
of treasurers to it. The new railway Bill has, however, 
been read a first time in the House of Commons. It is ex- 
pected that it will be opposed by the North-Eastern Rail- 
way Company and the Hull Dock Company. The feeling 
of Hull is, however, in favour of the construction of the 
new line, and considerable indignation has been aroused by 
the action of the opposition. 


Sinking of Railway Bridges at Ilkeston.—Two bridges 
on the Great Northern line at Ilkeston have recently given 
way at the foundations, owing to mining operations. The 
bridges are 200 yards apart. Men are in attendance day 
and night trying to repair the damage. One bridge may 
have to be rebuilt. 


Gas and Water Supply.—The inhabitants of Thorpe 
Hesley, midway between Barnsley and Sheffield, are seek- 
ing to obtain services of gas and water for Sheffield. In 
the case of gas the service would be six miles from the 
source of supply,and in water nearly eight. 


Formation of a New Miners’ Association in Derby- 
shire.—About 10,000 of the miners of Derbyshire have 
formed themselves into an association which is to be termed 
the “‘ Derbyshire Miners’ Association.’’ These men for 
ten years past have been members of the old South York- 
shire Miners’ Union, which is uow divided within itself. 
The rules of the new association are stringent. Each lodge 
will bank its own moneys, but subscribe to a central fund, 
and in business matters obey the decisions of the central 
committee. 


Steel Armour Plates.—Considerable difficulty has been 
experienced in manufacturing composite plates of iron and 
steel. At first it was found that the pouring of steel on 
iron caused the latter to lose much of its toughness, and 
in bending the plates they were apt to fracture. Great 
loss was inc through this. However, recent experi- 
ments have shown that the difficulty has been surmounted, 
and there are indications of a revival in the demand for 
composite plates, the call being both on home and foreign 








ro will turn steamer’s ller will turn steamer’s 
to starboard. f to port. 





account. 





















Ps ey dele Ss 








a 





arid %, 





se 


a yoner re 














Fes. 20, 1880.] 


ENGINEERING. 


159 





THE HARDENING OF IRON AND STEEL. 
On Hardening Iron and Steel ; its Causes and Effects.* 
(Concluded from page 140.) 

AN iron whose disposition to burn is so great that this 
detrimental change cannot in general be avoided, has from 
old times been called ‘‘ cold short’’ from the brittleness 
caused by its crystalline texture. But in this connexion it 
must be kept in mind that the disposition to burn, increas- 
ing with the content of phosphorus, is not only counter- 
acted by the presence of manganese and the absence of 
carbon, but also that the iron moleculesin the puddled iron 
are intercalated with layers of a fine interspersed cinder, 
which is unfavourable to the formation of the coarse 
crystals which cause the brittleness. A certain content of 

hosphorus is, therefore, not so detrimental to the puddled 

iron, loose in its texture and mixed with cinder, as to the 
cinder-free ingot iron, and if by the adoption of a suitable 
treatment the production of even the least sign of crystal- 
line texture be prevented, a content of phosphorus rising to 
two-tenths per cent. does no great harm to the iron so long 
as it is in the non-crystalline condition just mentioned ; 
but the difficulty is just to avoid the crystalline texture in 
the phosphoriferous iron, and, if success is attained in this, 
to prevent the formation of crystals in the case of a possible 
future reworking of the iron in a warm state. 

Now whether an iron, which from one cause or another 
has a tendency to burn, becomes, after a certain heating, 
burned or not, depends mainly on the degree to which it is 
afterwards drawn out; for the more an iron, which when 
heated has begun to be crystalline, is afterwards drawn out 
in a warm state, the less is the danger that the crystalline 
texture will remain in the fully drawn iron. In this way it 
is explained why a greater degree of drawing out, and thus 
also r ingots, are requisite fora more than for a less 

hosphoriferous iron. If, however, an iron, after a certain 

eating, followed by drawing, still appears to be coarsely 
crystalline or burned, this burning can frequently be re- 
moved by heating the iron anew to a certain welding heat, 
properly adjusted to its contents of carbon and phosphorus, 
succeeded by a new drawing out; but we must not, how- 
ever, make ourselves too sure that we can in this way 
always remove the nanens or cold-shortness. 

In complete correspondence with this, experience has 
shown that burning can be removed by a correspondin: 
heating, followed by hardening instead of by drawing ; ont 
this circumstance affords a new proof of the correctness of 
the view, that the effects of hardening must depend on the 
compression caused by the contraction, as it, like the 
drawing out, can remove the crystalline texture. In close 
connexion with this, doubtless, ibe stands the circumstance 
that has already been pointed out, that the hardening of 
an iron which contains much phosphorus but little carbon 
can even increase its ductility, for the somewhat crystalline 
texture of a phosphoriferous iron may be destroyed b: 
hardening, whereby again its ductility is greatly feotennell 

To the older observations which we have noticed above, 
there has lately been added a new experience, which further 
confirms the correctness of the view that the effects of 
hardening depend on the compression caused by the con- 
traction. The experience now referred to, viz., that ingot 
metal free from blowholes can, without drawing, and 
merely by hardening, followed by a new heating to redness, 
become quite equal to ingot metal that has been drawn out 
is indeed not so altogether new, for it was communica’ 
eleven years ago to the Technical Society of St. Peters- 
burg by Herr Chernoff,t who, however, sought to explain 
itin a way that did not appear satisfactory to me. It is, 
however, frst through the splendid efforts made at Terre- 
noire to produce castings of Martin metal equal in quality 
to drawn ingot metal that the fact in question has become 
more generally known and has a due attention. 

Table VI. shows to how great an extent not only the 
limit of elasticity and ultimate tensile strength, but also 
the ductility of ingot metal, are increased its being 


TABLE IV.—Tzsts oF THE TENSILE STRENGTH OF MARTIN CASTINGS, FREE FROM BLOWHOLES, 
CARRIED OUT AT TERRENOIRE.* 
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@s 4 4 @ie UJ 1 | 
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al} lad audited t \PGUHE Ed 
r=] 
BRR) g | ge SGa/5 gP SGG/ERG) & | ae 
47.8 | 13.8 | 0.960| 19.2 | 46.5 | 265 | 0.413| 31.1 | 55.0| 998 | 0.665 
46.8 | 128 | 0.412| 23.5 | 49.2 | 28.5 | 0.477| 31.3 | 56.5| 17.5 | 0.654 
56.8 | 14.8 | 0.819] 20.2 | 54.2 | 215 | 0.373] 35.5 | 67.7| 11.0 | 0.594 
50.5 | 13.8 | 0.360| 21,0 | 50.0 | 25.5 | 0.420] 92.6 | 69.7) 17 | 0.646 
62.5 | 3.8 | 0.499| 96.9 | 72.9 0.506| 39.0 | 768| 12.0 | 0,608 
57.9 | 2.0 | 0.570| 34.8 | 74.8 0.465 | 36.6 | 75.2| 11.6 | 0.486 
59.8 | 2.8 | 0.515| 340 | 74: 0.460| 45.0 | 85.0] 8.0 | 0.580 
31.7 | 601 | 2.7 | 0.597| 35.2 0.476| 40.2,|} 79.0] 10.5 | 0.509 
58.0 | 4.0 | 0.496| 25.3 0.347| 28.8 | 77.2| 6.5 | 0.874 
56.0 | 21 | 0.423| 29.4 0.403| 42.9 | 111.5] 1.0 | 0.385 
52.2 | 1.2 | 0.611| 36.5 0.465| 55.0 | 116.0| 0.7 | 0.474 
554 | 24 | 0.487| 304 0.406| 42.2 | 101.6] 2.7 | 0.416 

















* Metallurgical Review, vol. ii., p. 213. 


TABLE V.—Tzsts or TgnsiLe STRENGTH CARRIED OUT AT TERRENOIRE ON RouND Rops 14 MILLIMETRES 
In DIAMETER AND 100 MILLIMETREs IN LENGTH OF MARTIN CASTINGS FREE FROM BLOWHOLES.* 





THE METALS’ Con- 


UNHBATED CASTINGS, 


HEATED TO CHERRY-RED AND HARDENED 
IN OIL.t 




























































































drawn out while warm; but if we compare with it the 


although this is not stated by Mr. Holly, who first published both this and Table IV. 





5 ‘ ’ ‘ 
se 68 (° (8 (2 (ge |#8 | *. | 
EB S 8% 3 E S 8% “~ 
- - ee 
a | oo | 84/88] dy 4 |284/ #28 | gy | 4 
— oO = 
of fa] BE LEE |ee ls fet Jie 42 | de | = 
ala || de leeslelecie [de [22 
8/818] as a8 ag | 23 A ak a8 Rs gz | 3 
lel g Ea Folou|]83 . £2 = | 83 
RR] S| se | wes] 85/33/22] 38 was | 25 | 33 m 
P05) 8] ad dealt] dalae lagi lie fy | 38 
pia |d | de [ied] 28] 54/ 8 | aed | fad ili 
aia A& | ERG) S45) S| ge | SGe | Eke) ES | § e 
Soft Metal... 5 0.2038 23,2 49.2 | 28.5 | 45.0 |0.475| 38.2 62.1 15.0 35.0 | 0.615 
is. sep 0.209 23,8 50.3 | 243 ? 10473] 81.5 55,1 16,0 ? 0.572 
ae eee 0.233 20.0 45.7 | 26.7 | 2 |0.488] 29.6 60,0 19.5 ? 0.493 
ei comb tne 26.8 51.0 | 26.6 | 43.5 | 0.525 ? ? ? ? ? 
Averages .., eee 23.4 49.0 26.3 0.478 “591 16.8 " 0.560 
Hard metal for projectiles .., 33.9 70.0 8.1 ? | 0.484 2. 7.0 ? 
Do. do. 33.5 | 762 | 90 | ? |0440 7.8 ? ytd 
Do. do. 34.0 75.5 93 | ? |0.450 7.0 ? 0.557 
Do. do. 36.0 78,0 7.9 ? | 0.462 7.5 ? 0.514 
Do. do, 36.0 79.5 111.3 |] ? | 0.463 8.4 ? 0.550 
Do. do. 36.2 76.2 | 11.5 ? |0.475 5.5 ? 0.531 
Do. do. 36,5 80.0 7.7 ? | 0.456 78 ? 0.519 
Averages ... 32 | 765 | 98 | ... |0.460 72 |. | 0,648 
* Metallurgical Review, Vol. ii., p. 220. t The hardening of the hard metal has probably been followed by some re-heating 


TABLE VI.—TESTS OF THE ieee STRENGTH OF BESSEMER METAL FROM WESTANFORS-FAGERSTA, CARRIED OUT BY MR. KIRKALDY ON 
LLIMETR 


D RODS, 34 TO 43 MILLIMETRES IN DIAMETER, AND 244 MI 


ES IN LENGTH. 





UNDRAWN INGOTS. 


HAMMERED DOWN FROM INGOTS WITH 152.4 MILLIMETRES SIDE TO 
60.8 MILLI SIDE. 


























UNANNBALED Rops. ANNEALED Rops. UNANNEALED Rops. ANNEALED Rops, 
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02 | 156 | 372 | 1.6 | 11.9 | O479 | 422 | 142 | 371 | 182 | 271 383 24.7 | 42.1 | 22.5 | 61.3 | 0.587| 108.8 39.6 | 22.2 | 64.1 | 0.687] 1108 
04 | 199 | 388 34 42 | 0513 | 405 | 184 | 373 42 5.2 27.6 | 52.7 | 17.9 | 52.5 | 0.523 49.8 | 19.1 | 57.6 | 0.616] 117.6 
06 | 27.3 | 468 L7 23 | 0.583 | 469 | 266 | 45.0 2.2 2.3 33.5 | 688 | 10.2 | 28.4 | 0,487 64,6 | 12.7 | 46.0 | 0,504] 119.6 
0.8 | 33.5 | 47.2 11 15 | 0710 | 47.9 | 27.3 | 447 L7 2.1 468 | 693 | 22] a2 | 0,674 6.5 | 8.1 | 0.652) 65.8 







































































Tesults from Terrenoire given in Tables III. to V., we see 
that improvements quite as great can also be attained 
* Paper taken as read at the Liverpool eeting of th 
Iron and Steel Institute. ng a ie 

+ ‘* Remarks on the Manufacture of Steel, and the Mode 
of Working it.’’ See ENGINEERING, vol. xxii., pp. 11 and 40. 
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limit of elasticity may be taken away, so that only so] Another remark which also may be urged against the | greater or less extent, for they have been strongly heated 
much remains »f wound have been produced ing | conception of the influence of the manner of cooling here | without being again hammered 


by Sowks 
alone, and the undrawn casting is now comparable wit 
ingot metal of the same composition, which has been 
drawn, but not hardened. 

It is, at least if the content of manganese be not all the 
greater, however, only when the percentage of carbon 
exceeds 0.3 that the ductility suffers through hardening 
any loss endangering the strength of the material, and it 
therefore appears probable that in all the cases where special 
ductility is not demanded, it may not be neces: to reheat 
to redness castings poor in carbon after they have been 
hardened. The higher the temperature at which the re- 
heating takes place, provided however it does not exceed 
a full red heat, the more is the ductility increased, while on 
the other hand the limit of elasticity and the ultimate tensile 

are thereby diminished until they descend to 
nearly the same minima which characterise ingot iron or 
ingot steel of the same composition which have been heated 
to redness after hardening. By modifying this reheatin 
on the other hand, it is possible to bring the hardene 
castings to intermediate stages of these qualities, quite as is 
the case, as we have seen, with the hardened drawn iron or 
steel. All becomes clear and easily understood if we only 
consider that the figures given in Table III. (vide page 79 
ante) for the hardened and reheated castings ought not to 
be compared with the figures in the same column for the 
hardened, but with those for the unhardened and drawn 
sorts of iron and steel. The small differences in the pro- 
rties of the specimens corresponding with each other in 
grees of ness which still remain, are by no means 
greater than those which occur in the case of comparisons 
made exclusively between drawn sorts of iron and steel, 
and they may easily be explained by different degrees of 
reheating after the hardening. 

It may be stated as an objection to the correctness of the 
explanation of these important facts now proposed that the 
poate of Martin castings may be improved, as Tables 

V. and V. show, merely by heating to redness without 
the help of proper hardening. It must be admitted that it 
is possible, when skill and practice have been acquired, to 
attain merely by heating to redness followed by slow cool- 
ing of the drawn iron or steel a diminution in the limit of 
elasticity and ultimate tensile s ; and as the same 
thing can also happen, as Table V1. shows, with undrawn 
ingots, it appears very strange at the first glance that these 
properties can also be increased in the undrawn ingot metal 
merely by heating to redness. It was also just the circum- 
stance that in the accounts of the Terrenoire process, with 
the exception of the addition of manganese-silicon-iron, 
the heating to redness was almost exclusively dwelt upon, 
and it was stated that merely with its help it was possible 
to make undrawn com ingot metal equal to that which 
met yh p my — = - rb ag of the =a ae , 
unti an opportunity of s it more thoroughly 
atthe Paris Exhibition. 

An examination of Tables IV. and V., however, shows 
without going further that if the limit of elasticity and 
breaking strain of the castings be somewhat increased 
merely by heating to redness, this increase is by no means 
so great as that attained by ening the same pieces. In 
fact, it also stands in complete correspondence with the 
views expressed above as to the causes of hardening that 
an undrawn ingot metal ought to have its limit of elasticity 
and ultimate tensile strength somewhat increased merely 
by sufficiently strong heating, for though cooling take place 
com tively very slowly, it is, however, provided it goes 
on from without tomatoe 44 always attended with a com- 
pression caused by contraction ; Sut so long as this com- 
pressing force, in consequence of the slow cooling, is 
weaker than that attai by common drawing, are the 
alteration of the texture of the material and the increase 
of the limit of elasticity less than when caused by draw- 


he consequence of this must be that a drawn iron or 
steel—above all, when the drawing, as in the case of 
hammering, has been continued to a low temperature— 
loses in limit of elasticity and ultimate tensile strength by 
heating to redness followed by slow cooling, while an un- 
drawn ingot may increase to some extent in these properties, 
although in asmaller proportion, according as the degree of 
heating was less and the cooling slower. On the other hand, 
by sufficiently rapid cooling or actual hardening, the oft- 
mentioned properties are in the material to a 
higher degree can be attained merely by drawing ; but 
by renewed heating this excess can be again removed. 
That the ductility of the undrawn ingot metal has in- 
creased by heating and slow cooling, as Tables IV. and V. 
show, still more than bya rapid cooling, stands in full 
correspondence with the common effects of heating, ‘and 
therefore require no further notice ; but on the other hand, 
it remains to endeavour to explain how it could be possible 
that the experiments with unannealed and annealed ingots, 
the results of which are given in Table VI., should show 
results of heating so different from those just stated, that 
it even produced in them a slight diminntion in the limit 
of elasticity and ultimate tensile strength. One cannot of 
course give any decided utterance on this point without 
being present at the experiments, and in the ab- 
sence of detailed statements of the degree of heating and 
the manner of cooling, but it appears to me to be probable 
= a hod = difference is mb . ht for in the 
egree 0 ving been considera’ ower in this 
case, it had been sufficiently low, it A not to be ex- 
the coohng following it would have been 
able to exercise any noteworthy influence on the limit of 
elasticity and aitimate tensile strength of oa ee 
cially if the se had been very slow. A deficiency of 
these in 


ts may also possibly have con- 
ir heating was actually com- 








expressed is, that if these changes be caused by the com- 
pression produced by contraction, the same ought also to 
take place at the first cooling of the ingot, the rather be- 
cause this from a still higher temperature. But 
the difference is quite manifest. In the latter case we 
have a fused mass which, through the cooling of the walls 
of the mould, begins to solidify at them. No compression 
of the ial still in a fluid state in the interior can, 
however, come in question, for it is thus only up- 
wards ; and when whole mass is solidified, we have 
here already from the beginning such a difference between 
the temperature of the outer and inner layers that the 
material never comes to be exposed to nearly so severe a 
pressure as when we with like rapidity cool a solid body, 
which, when the cooling begins, is apt to be warmer in the 


outer than in the inner layers. 
Although the must thus be very much less in the 
forming of ingo in cooling after a renewed heating, 


it is, however, without question very noticeable in the 
former case, which is best seen both y the behaviour of 
pig iron, which becomes whiter when rapidly cooled in 
metal moulds than when run out into sand or clay moulds, 
and by steel castings being less coarse in the grain when 
cast in metal moulds than when cast in others; but the 
contraction which takes place in the formation of ingots is 
at all events not sufficient to bring about in the metal such 
an alteration as is ca’ rawing. 

The Emp t of the Terrenoire Process.—Terrenoire 
at the time of the Paris Exhibition had not been able to 
get oy r order its large oil basin and crane intended 
or the 


beyond comparison of the large pieces of compact Martin 
castings which Terrenoire exhibited were therefore not yet 
finished, but to be looked upon as in process of manufacture. 
This, on the other hand, did not eee of the armour- 
piercing projectiles, which have , for a number of 
eae taadle on a great scale of Biartin steel merely 
by casting in metal moulds, followed hardening a 
tempering. The moulds employed for this og con- 
sisted of two pieces s ing one above the other, of which 
the under formed the point of the projectile and the upper 
its cylindrical part, but upon the latter there was besides 
a half metre high contracted sunkhead in dry sand. These 
rojectiles are cast of steel with 0.45-0.6 per cent. carbon, 
.25-0.3 per cent. silicon, and 0.5-0.6 per cent. manganese. 
The hollow projecticles, too, are cast massive and after- 
wards bored out, but besides they are subjected to no other 
operation than hardening, followed by tempering. The 
hardening proceeds by dipping the pointed part, after the 
whole projectile has boon heated to a red heat, first into 
water until the redness has disappeared from its surface, 
after which the whole piece is sunk in an oil-bath, where 
it is allowed to lie until it is quite cool. Then follows a 
gentle heating for in or only so strong that the 
adhering oil is removed. e oil-bath intended for the 
hardening, it was considered, ought to be at least so large 
that the weight of oil was four times greater than that of 
the piece that was to be hardened. : 

Very satisfactory experiments had indeed been made at 
the time of the Exhibition with some small cannon tubes 
made of compact Martin castings, but it was first during 
winter that the Terrenoire process may be said rightly to 
have got its _— of fire; for, according to a communi- 
cation which M. Pourcel has kindly sent me quite lately, two 
armour plates cast of their compact Martin iron have been 
tested at Gavre with £ success. One of these plates, 
both of which were 350 mm. thick, contained 0.239 per cent. 
carbon, 0.15 per cent. silicon, and quite a small quantity of 
manganese. This armour plate was hardened in oil and re- 
heated afterwards. The other somewhat harder plate, with 
0.314 per cent. carbon, was only heated to redness. These 
were tested with a 320 mm. cannon in _ the same way as 
several hammered and rolled armour plates of the same di- 
mensions from Creusdt, partly at right angles to the plates 
with pointed me sree of ened cast iron, and partly 
obliquely to the plates with —— east at Terrenoire 
of compact Martin steeland hardened. In the former case 
the charge of powder was 53 kilogrammes, and the speed of 
the projectile 370.6-371.7 metres, and in the latter the 
charge of powder was 63 kilogrammes, and the speed of 
the projectile 414.8-432.2 metres per second. Neither of 
these two plates was penetrated by a shot, though cracks 
of course arose. Yetthe unhammered and unrolled armour 

lates of Terrenoire have stood the test better than the 

ammered and rolled plates from Creusét. Notwithstand- 
ing the lesser content of carbon in the hardened plates, the 
projectiles did not penetrate so deeply into them as into 
those that were only heated to redness (318 mm. against 
350 mm. for the perpendicular shots, and 204 mm. against 
234 mm. for the oblique), while the former, so far as can be 
judged from the drawings received, were at least not worse 
cracked than the latter. 

Both many and great are the advantages which we appear 
to be justified in expecting from this process, for it renders 
it{possible in many cases to replace with an oil basin and a 
crane the enormous steam hammers which are otherwise 
necessary for the production of large forgings of ot 
metal, and which are so costly that only comparatively few 
works can procure them. Great care is indeed uired 


not oy! at the Martin es themselves, in to 
obtain from them materials which are at the same time 
compact and of the proper degree of hardness or the requi- 


site composition, but at the succeeding heatings ; but 
without t care no success is in fact attained in the 
bammer of i metal in the long run, and the 

of burning must in such a case be , foreven if the 
hammer be heavy enough to make 

very core of the metal, whi 

orging of large pieces is at 
cases such parts as lie nearest 

are under the hammer may 
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The Advantage of the Hardening A pee Ingot Iron. 
—Besides the extensive employment which ought to be ex- 
pected in the way now pointed out for the hardening of un- 
drawn ingot metal, it appears also as if we might reckon on 
the hardening of hammered or rolled articles of iron bein 
more qunenally used than has hitherto been the case, an 
et the great increase of strength and toughness which 
ng produces in y compact iron that has been 
refined in the open hearth has been known so long that even 
Sefstrém refers toit. Still more striking, as we have seen, 
is the increase thereby attained in the strength of the com- 
= ingot iron, and at some works, both Swedish and 
oreign, it has been turned to account more particularly in 
the making of rings for cannon; but the use of hardening 
in similar cases is far from being so general as it deserves 
to be. It is already common at many works to subject the 
pieces as soon as they are finished to a uniform heating to 
a red heat in order to remove the tension which unequal or 
1 heating and working often produce in articles of 
ingot iron, but only perhaps in the cases in which the con- 
tent of carbon exceeds 0.3 per cent., or in which the principal 
stress is laid upon the attainment of the greatest possible 
ductility, ought the pieces afterwards to be cooled slowly. 
Tn pro; ion a8 more importance is attached to a high 
limit of elasticity and breaking strain, it appears on the 
other hand desirable that the heated finished pieces ought 
to be hardened. 

In his valuable paper, ‘‘ Remarks on the Manufacture 
of Steel, and the Mode of Working it,’’ Chernoff sets forth 
with very warm approval the great advantages of always 
articles of ingot iron, and he there points out 
also how it is possible merely by hardening to remove the 
coarse crystalline texture, and the consequent brittleness, 
which distinguish iron which has been long exposed to 
slight concussions. This alteration, as is well known, is 
specially prevalent in wagon axles, and it has accordingly 
given occasion to the precautionary measure that all wagon 
axles, even if they are to outward appearance never so 
faultless, are rejected, or a least subjected to special ex- 
amination, after running a certain number of miles. The 
advantage of getting these axles made again serviceable 
merely by hardening is manifest, and the possibility of 
doing so appears accordingly to be deserving of thorough 
investigation. 





GERMAN Steet MaxinG.—In 1879, the Ruhr basin pro- 
duced 459,577 tons of steel. The corresponding production 
in 1878 amounted to 452,120 tons. 





Tue AcADEMIE DEs ScrrncEs.—An extraordinary prize 
of 3000 francs has been awarded by the French Académie 
des Sciences to Mr. Crookes, F.R.S., in recognition of his 
—— discoveries in Molecular Physics and Radiant 

r. 





BRooxKLYN ELEVATED RaILRoAD.— Work on Brooklyn 
va’ ilroad is steadily advancing at various points 
along the route from Fulton Ferry to East New York. 
nae mg for about half a mile, from Main-street to North 
Elliott-place in Park Avenue, and in Grand Avenue, near 
Park Avenue, the foundations are all laid to Broadway 
and Ralph Avenue. The iron superstructure has been 
erected at all points where the route crosses the one laid 
out for the King’s County Elevated Railway. - Most of the 
columns are up in Water-street, near Fai m Ferry, and 
workmen are employed in putting up girders at Water and 


eg ey P : mn = pees ay ee five 
spans have been put up. several other points beginnings 
have been made. In appearance the structure is a com- 


bination of two of the styles to be seen in this city. The 
columns are open, with lattice braces, while the longitudinal 
girders are placed upon the cross girders inside of the line 
of columns, like those in, the road in the Second Avenue. 





LIVERPOOL ENGINEERING SocieTy.—The usual fort- 
nightly meeting of this Society was held on Wednesday, 
the 1 inst., at the Royal Institution, Colquitt-street, 
Mr. A. Ross, President, in the chair. Mr. E. H. Allies, 
Assoc, M. Inst. C.E., engineer and surveyor to the Local 
Board of West Derby, read a paper entitled ‘‘ House 
Sewage,”’ which was a continuation of one by the same 
author already read before the Society. The author divided 
his subject into two parts, first, “household sewage in 
situations where a as of sewerage more or less complete 
exists,’’ and, second, ‘‘ in situations where no such system 
exists.” In the first part, after showing the necessity of 
having a Ly system of yr or oo, it ™ 
ar, ti the water carriage of sewage is the mos 
pr ae Ban method of removal, and that any system which 
admits of the retention of the refuse is open to grave 
objections. The directions of drains, their gradients, sizes, 
and the best material of which to make them was next 
considered, and a table showing the various thicknesses 
and dimensions of sanitary pipes was given. The junction of 
house drains with the sewer was treated at some length, and 
the nse of junction blocks advocated. The ventilation of 
house drains and their proper trapping concluded the first 
part. In the second part, in situations where no sewer 
exists, the author showed the necessity of using the cesspool, 
and treated of the proper site to be selected, and the 
material and form of construction where a cesspool is un- 
avoidable. He also showed in what very improper positions 
cesspools have often hitherto been p , to the great 
danger of the health of the inmates of houses connected 
with them. Dry earth and other systems of se 
— were also glanced at, but were not recommended, 
and the conclusion come to was that the wa‘ 
sewage system should always be adopted where practicable. 
The paper was illustrated by several drawings. 
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ke LITERATURE, 


ilding Materials of Otago and South New Zea- 
Ts ie. By W. 4 ° Beare, Memb. Inst. C.E. 

Pa originally read at the Otago Institute, revised 

ani extended, Dunedin: J. Wilkie and Co. 

Tue example set by Mr. Blair in collating informa- 
tion respecting the constructive materials of the 
colony with which he is connected, and publishing 
his notes in book form, is an excellent one, and 
we trust that it may be followed by other engineers 
engaged in new countries. If they perform their 
task as well as Mr. Blair has done, there need be 
no fear of their labours not being appreciated. 

In the book before us our author divides the 
various constructive materials into four sections, the 
first including stones, bricks, concrete, and roofing 
slates; the second limes, cements, and their aggre- 
gates; the third, timbers ; and the fourth, metals. 
In the first of these sections building stones are 
dealt with in four chapters entitled respectively : 
“ Description of Building Stones ;” ‘‘ Geographical 
Distribution ;” “‘ Hardstones,” and ‘ Freestones.” 
From these chapters we find that Otago abounds in 
a great variety of stones suitable for building pur- 
poses. Amongst the hard stones there are several 
varieties of granite, this being found in mountain 
masses at Preservation and Chalky Inlets, and in 
large veins and blocks in Stewart Island and on the 
whole of the west coast. The granite from the first- 
mentioned series is described as very strong, but of 
a pinkish tinge with grey spots, and for that reason 
not so well suited for architectural work. On the 
other hand, much of the granite in veins is of excel- 
lent colour, while from Bluff Hill is obtained a bluish 
grey syenite, which Mr. Blair says is little if any in- 
ferior to Aberdeen granite. The metamorphic rocks 
furnish little building material, although in the 
Otago goldfields a schist has been utilised for 
masonry with by no means bad results. From the 
voleanic series is obtained a blue stone which has 
been largely used for road metal andrubble masonry, 
and a phonolite or clinkstone, which has been used 
for many of the older buildings at Dunedin with 
excellent effect. From the same series also are 
obtained a number of varieties of breccias and 
trachytes, which may be considered a most important 
class of hard stones in Otago, these stones being 
derived from a number of quarries, some of which 
appear to have been largely developed, 

The freestones on the other hand include marbles, 
limestones, and sandstones. Of the marbles of 
Otago Mr, Blair says that they “are still, practically 
‘‘ speaking, unknown and untouched, the information 
** collected about them is meagre in the extreme; 
‘and the few known deposits have not yet been 
‘‘ utilised.” From the various facts stated by our 
author, however, there appears to be every reason 
to believe that in the future large deposits of marble 
will be developed in different parts of the colony. 
The only place where much has so far been done 
in this direction is in the,Canterbury district, where 
a company have 5 age up quarries at Malvern 
Hills, The marble here obtained is of two distinct 
kinds, namely, the ‘‘ grey” and the ‘imperial red,” 
the latter being of a se rich tone resembling 
Peterhead granite. From the grey reef blocks of 
twenty tons and upwards are obtained. Mr, Blair 
states that there is every prospect of a consider- 
able export trade in Canterbury marbles, and the 
red variety is reported ‘‘to be worth from 20s. to 
‘* 30s, per cube foot in London, against 12s. to 15s., 
“ the price of its European prototype.” 

Of limestones the colony yields a great variety, 
many of them being of excellent quality. With the 
sagen of the different stones of this class Mr. 

lair deals at considerable length, and he gives a 
variety of valuable information respecting them, 
much of this information being delet from experi- 
ments and investigations which he has himself 
carried out. Of the sandstones he states that they 
are ‘‘as varied in consistency, and more numerous 
“than the limestones, but excel them in diversity 
“of colour.” They include grits, silicious sand- 
stones, hard, ordinary, and soft sandstones, and a 
large number of them are admirably suited for build- 
ing purposes. 
in Chapter V., our author deals with bricks, and 
regarding these he states that: ‘‘ The materials for 
“‘making bricks are so widely and abundantly 
“ diffused throughout Otago, that the difficulty is 
“to find a locality where they do not exist”; 
while further on he adds: ‘“ The clays of this pro- 
“* vince are so varied in colour and consistency that, 








“* independently of their industrial importance, th 

‘‘ form an interesting study. Some years ago 

‘ made a collection of about forty distinct varieties 
‘from the volcanic deposits around Dunedin. 
‘« Many of them were of the most beautiful colours 
‘ bright red, yellow, and blue being quite com- 
‘‘mon. When separated from the sombre tints of 
‘the surrounding earth, they resembled artificial 
‘“‘ dyes or paints more than natural products in a 
“‘ crude state. The pottery, fire and pipe clays also 
“* demand ial notice. ‘They too exist in endless 
‘“‘ variety throughout the province.” Although, 
however, there is an ample collection of clays, the 
manufacture of bricks appears from Mr. Blair’s re- 
marks to have as yet scarcely reached a satisfactory 
stage in Otago, notwithstanding that much im- 
provement has been made in the last few years, 
There appears in fact to be an opening for the in- 
troduction of good brickmaking machinery, the 
defects in the present bricks arising chiefly from 
the imperfect treatment of the material prior to the 
burning. As regards the production of pottery and 
tiles, satisfactory progress ap to have been 
made, and these industries promise to become largely 
developed, 

In his next chapter Mr. Blair enters into the con- 
sideration of the use of concrete as a building ma- 
terial, and gives iculars of some experiments 
which he had himself carried out to test the absorb- 
ing powers of the material made in different ways. 
His conclusions are that concrete houses built in the 
way usual in Otago, do not give that immunity 
from damp which is desirable. The consideration 
of this subject is also continued in Chapter VIL, in 
which the strength and cost of various building 
materials are compared. The data given by our 
author concerning cost are interesting, and we quote 
from them the following figures as to the relative 
cost of different classes of work in London and 
Dunedin : 


um APES © “ rar 5 ae 
rdinary brickwork, per cubic a dd. & @& 

yard ... os ie ow 220 4 0 
Concrete... one ooo oes 11 0 50 0 
Béton agglomere 06 a a > a 
Rough rubble ... ose eee 12 0 27 6 
Coursed ,, ss vw seo 18 0 37 6 
Freestone ashlar, per cubic foot 3 8 4 6 
Hardstone ashlar, rock faced, 

per cubic foot sn si 10 0 4 6 
Hardstone ashlar, fine dressed, 

per cubic foot les t's 11 0 6 6 


These figures are very suggestive. Mr. Blair also 
states that ‘the difference of cost of brick over 
‘timber in an ordinary dwelling-house is from 33 to 
‘*50 per cent, Taking it at a mean of those rates, a 
‘* wooden house worth 1000/. would cost 1400/. in 
‘brick, the cost of the walls being respectively 300/. 
“and 700/.” Notwithstanding this difference in 
cost Mr, Blair considers that even at present prices 
it is really more economical to build houses of the 
more durable material, while the somes | will pro- 
bably be more marked as the resourcesof the country 
are developed. 

Until lately New Zealand was dependent upon 
importation for a supply of roofing slates, but about 
& year ago valuable deposits of slate were discovered 
in the Otepopo district. These deposits are of 
excellent quality, and a company is already working 
them systematically. At present, difficulties of trans- 
at add much to the cost, but this will in all pro- 

ability beremedied by the construction of a tramway 
between the quarries and the nearest railway station, 
which is some 12 or 14 miles off. The value of the 
Otepoposlate deposits to the colonyis much enhanced 
by the fact that so far no really good slates have 
been found in Australia or Tasmania, and hence 
there is every prospect of an export trade to these 
colonies springing up in the future. 

We now come to the second section of Mr, Blair’s 
book, this section dealing with ‘‘ limes, cements, and 
their aggregates.” In dealing with this portion of 
his subject our author first treats of the properties 
of various cementing materials, and then. proceeds 
to describe the resources of the colony with respect 
to these materials, From the facts which he states 
we learn that limestones suitable for making lime for 
building purposes abound throughout the province, 
but of natural cement the only supply yet discovered 
is that furnished by the Septaria or cement boulders 
of the Moeraki district. There are, however, a 
profusion of volcanic clays possessing cementitious 
qualities, and suitable for use in combination with 
lime. The various limes available are described 
our author at considerable length, while tables of 
analyses are also given. Altogether New Zealand 





appears to be well lied with limes of good 
Goality. including moe, « ulic limes identical in 
composition with some of the best known hydraulic 
limes of era 8g The hydraulic cement, on the 
other hand, e from the Moeraki boulders is very 
irregular in quality, and hence untrustworthy. The 
manufacture of artificial cements appears not yet 
to have been started in Otago, but, as Mr. Blair re- 
marks, it is an industry for which there is a promis- 
ing future, and our author points out the districts in 
which factories for producing such cements could 
best be established. 

Section III, of the book under review is devoted 
to timber, the properties of various woods bein 
first treated, and notes being given on felling an 
seasoning. As regards the resources of the colony 
Mr. Blair states that in 1874 Otago possessed 3500 
square miles of forest lands, the forests being well 
dispersed throughout the province except in an area 
of about 600 square miles in the north, which is 
almost treeless. ‘The forests furnish a considerable 
number of varieties of both hard and soft woods, the 
properties of which Mr, Blair describes in detail. 
Amongst the hard woods the strongest are the 
maupaus, of which there are four varieties, the 
trees, however, being too small to yield useful timber 
for building purposes, Besides these there are 
manuka, rata, kowkai, fuchsia, broadleaf, kamai, 
pokako, ribbon woods and grass-tree, many of 
these possessing very valuable properties, and some 
of them being exceptionally durable. 

The soft woods include a large number of varieties 
of pines and birches, of which Mr, Blair gives an 
interesting account. Amongst the pines, the white 
pine ‘“‘ grows to a height of from 120 ft. to 150 ft., 
‘ with a trunk up to 70 ft. long and 5 ft. in diameter 
‘at the base.” Respecting this wood Mr. Blair 
says: ‘* The white pine timber of New Zealand is 
‘“‘ in my opinion equal, if not superior, to Baltic white 


'** deal for all the purposes for which the latter is 


“adapted, and its supposed inferiority is due 
“ entirely to defective seasoning.” We wish that our 
space would permit us to enter fully into Mr. Blair’s 
descriptions of the Otago timbers; but as this is not 
the case we must content ourselves by referring all 
who want information on the subject to the book 
before us. Its author is evidently a close observer, 
and the information which he gives—derived largely 
from his own investigations—is of much practical 
value. A number of tables giving, in a form con- 
venient for reference, a variety of data respecting 
the Otago timbers add to the completeness of this 
part of the work. 

The last section of Mr, Blair's book, namely, that 
dealing with metals, is a very brief one, and refers 
only to iron, copper, lead, and tin. Of iron, numerous 
deposits are found scattered throughout New Zea- 
land, the most plentiful being the well-known iron- 
sand or magnetite, containing from 50 to 70 per 
cent. of metallic iron. There are also hematites, 
containing from 49 to 64 per cent., brown or bog 
ores containing from 35 to 61 per cent., and car- 
bonates containing from 35 to 46 per cent, of 
metallic iron, Numerous attempts have been made 
to utilise these ores, but so far without commercial 
success, and Mr. Blair considers that, considerin 
all the circumstances, it would be unwise to ris 
capital in establishing iron works in New Zealand. 
The failures, however, — to have arisen chiefl 
from the fact that the rich iron.sand deposits whic 
so abound cannot be advantageously treated by 
ordinary processes, but with the advance which is 
daily being made in the iron manufacture, we cannot 
but believe that this obstacle to the utilisation of 
New Zealand ores will be removed, and that the 
manufacture of iron will eventually take its place 
amongst the industries of the colony. With further 
re to this, Mr. Blair alludes to the action taken 
by the New Zealand Government in advertising last 
year for tenders for 100,000 tons of steel rails to be 
manufactured within the colony from native ores, 
The result of this action we have yet to learn, but 
we agree with Mr, Blair in believing that it will 
give an important im to this branch of industry. 

. Blair regards the Collingwood district, where 
large supplies of black-band ore are found, as on 
the whole the most favourable for the establishment 
of the iron manufacture. 

A number of copper mines have been discovered 
in New Zealand, an a mining has been com- 
menced there on a limited scale, but smelting works 
have not yet been established. It is, however, be- 


by | lieved that the richness of the ore may probably war- 


rant its shipment to England in a raw state. Of lead 
and tin, deposits have also been found, but little in. 
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formation of any practical value is yet available 
concerning them, 

We have now completed our survey of Mr. Blair’s 
book, and we must again commend it asa work of 
much value, not only on account of the information 
which it affords concerning the natural products of 
Otago, but also on account of the suggestions which 
it contains for the further development of that pro- 
vince. Nothing is more calculated to promote the 
prosperity of a new country than the dissemination 
of accurate information as to its reso and 
hence Mr. Blair has, by the preparation of the book 
we have reviewed, done his fellow colonists good 
service, The volume, we may add, is excellently 
printed, and is altogether issued in a style which is 
very creditable to the resources of Dunedin. 
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ENGINEERING PRECEDENTS. 
By J. Ricwarps, 
(Continued from page 44.) 
METAL-WORKING MACHINES AND TOOLS. 

ForEMOsT among those whose inventions can be 
traced in modern tool practice must be placed John 
G. Bodmer ; perhaps no one has ever contributed so 
much to what may be called the means of cuttin 
and shaping metal work, certainly no engineer o 
his own or a former time so clearly and successfully 
distinguished between the “ingenious” and the 
‘‘useful.” Neither his inventions nor his practice 
were what has sometimes been called “ brilliant,” 
nor did they as in most cases among his co-labourers 
return him either the honour or pecuniary gain he 
deserved, yet, as before claimed, if any one con- 
versant with Bodmer’s inventions will pass through 
a modern engineering shop of the first class, he will 
not fail to find more traces of Bodmer’s practice than 
have emanated from any one beside. 

Bodmer’s inventions and designs for machine tools 
and implements, so far as present records are con- 
cerned, will be found in two patents, one dated 1839 
and the other 1841, and it may be remarked that such 
patents furnish almost the only reliable history of his 
and others’ work of the period, although a recent one. 
To prosecute inquiries among those who have know- 
ledge and recollections of engineering work and at- 
tending facts of even thirty years ago, is to gather a 
confused number of contradictory accounts. The re- 
stricted intercourse between works engaged in such 
manufactures then was, or is even now, such that no 
one is able to arrive at fair comparisons, Prejudice 
always enters into views entertained from memory, 
unconsciously no doubt in many cases, but still 
existing, so that patents or other printed or written 
records must be mainly relied upon in gathering 
a history of mechanical inventions. It should be ex- 
plained that oa poeeas articles are based upon 
notes taken several years ago, and the diagrams as 
well as the text have been prepared without referring 
to the patents at the present time. The discursive 
nature of the specifications and the fact that nothing 
more than a reference to them is intended will ex- 
plain why no copies or quotations are given. 

The first invention of Bodmer’s to which attention 
will be called, is a planing machine described in 1841, 
the principle of which is illustrated in Fig. 25. The 
various details of this machine, such as the feeding 
mechanism, band shifting adjustments, and so on, 
are very elaborate and show perhaps more than 
anything else among Bodmer's tool inventions, a de- 
sire for novelty ; as, however, these details have gone 
the way of most curious and ingenious things—into 





disuse—the carriage or table movement will be all 
that need claim present attention. 











Referring to Fig. 25, a is the carriage, c the main 
frame shown partially in section, e is a screw pinion 
or wormwheel working into a rack m attached to 
the carriage. Few engineers will fail to recognise in 
this movement a precedent for the mechanism so suc- 
cessfully employed by Messrs. William Sellers and 
Co., of Philadelphia, and Messrs. Sharp, Stewart, and 
Co., of Manchester. The modern gearing invented by 
Mr. Sellers, who procured patents in both countries, 
is different, inasmuch as the axis of the worm or 
pinion at » is not placed parallel with the carriage as 
in the case of Bodmer’s machine, but is set in a dia- 
gonal line, so that the teeth of the rack m are normal 
or nearly so to the line of movement, the angle being 
about 5 deg. to compensate or balance the side 
strain arising from friction. ‘This invention of Mr. 
Sellers is one of great importauce, and the ma- 
chines to which it has been applied may fairly be 
claimed as representing the best modern practice. 
The determination of pitch, angles, friction, and all 
conditions of the movement have been the subject of 
exhaustive research and experiment. At Messrs. 
Sellers’ works in Philadelphia can be seen a care- 
fully made model to illustrate the angle of the teeth 
in the rack required to balance the side draught of 
the worm or pinion. ‘This model consists of a plain 
surface or platen with the threads of a standard 
wormwheel or pinion projecting through the top 
and engaging in a rack attached toa second table 
lying flat on the surface without ways or other means 
to guide its course. ‘The experiment to be tried is 
whether in revolving the pinion the table will move 
straight forward ina parallel line without guides. 
If it does the friction of the worm evidently is 
balanced fairly by the inclination of the rack teeth, 
which, as before said, is 5 deg. ‘The result is that 
the movement is in nearly all cases in a straight 
line parallel to the rack, if the surfaces are clean 
and dry. What the result is with the surfaces all 
lubricated we cannot say, but the experiment as tried 
will not fail to astonish any one who sees it for the 
first time. 

Without in any way disparaging the novelty of 
Mr, Sellers’ invention, or ignoring the careful and 
extended experiments that have rendered it of great 

ractical value, we must nevertheless concede that 

odmer set out in the same line of operation, and 
had his life and business continued he might have 
more nearly perfected the movement illustrated, at 
avy rate it is a somewhat remarkable precedent 
for what may be called the best modern practice. 

It will be proper before leaving this matter to 
point out that in the case of a worm or screw 
whose axis is parallel to the line of movement, the 
contact between the threads of the worm and the 
teeth of the rack is complete, the surfaces having a 
full bearing, while in the case of a pinion shaft set 
diagonal to the line of movement the bearing is 
in a theoretical sense only a line, as in the case 
of common tangent gearing, but with several im- 
portant differences in the mode of operating. The 
threads or teeth of the pinion, for example, do 
not bear at one point on the teeth, as in the case 
of a rack moving parallel to the axis of the pinion, 
but slide, as itwere, from one side to the other, 
ae or bearing on the teeth the whole width of 
the The pinion, as it may be called, is as much 
a gear wheel as it is a screw—a kind of cross be- 
tween, because the pitch is so arranged that the 
threads or teeth seem to be acting as much like a 
tooth wheel asa screw. Were it not that the Sellers 
movement has been proved thoroughly durable by a 
long period of use, on hundreds or rhaps 
thousands of machines, one would be inclined to 
doubt the wearing properties of the parts. 

Another of Soba 's inventions deserving notice 
is = he calls a circular planing — ot aan 
in hi t of 1839. The di , Fig. 26, whi 
is a Sake of congtunien Somes mbbeae machines 





and the one shown in Bodmer’s drawings, will serve 
to explain the natare of theinvention ; a isa running 
table or face plate driven by gearing at or near its 
periphery, and guided in part by a spindle or axis 
at the centre, and also in the case of heavy work by 
the angular guide, shown atc. The upper framing 
including the cross frame and saddle is similar to a 
planing machine, except that a sliding boring bar 
takes the place of planing tools. This description 


Fig. 26. 





will seem uncalled for to many who are familiar with 
such machines, yet they are by no means in common 
use in England, and there will be some among the 
readers of ENGINEERING who, no doubt, have not 
seen such machines at work, The strange part of 
the circumstance however is that these tools have a 
standard place in American shops, especially in the 
western country, where they are employed in boring 
and turning, both of which operations can be carried 
on at the same time in the case of flywheels, pulleys, 
and so on. 

Although we may in machine tools, as in other 
things when there is a difference of merit, put faith 
in the “‘ survival of the fittest,” we incline to the 
opinion that the merits of these machines have 
never been fully understood in England, and that 
Bodmer's invention was left for others to develop. 

In an engine-building and mill-wrighting busi- 
ness such a machine has capacities far beyond a 
lathe of similar size, and requires less attention or 
attendance. The difference can be imagined by 
supposing the machine laid on its side, in which 

tion it would in all essential respects be a face 
athe, having the same movements and capacity in 
so far as cutting, but with these important diffe- 
rences, that the weight of the work instead of hold- 
ing it to the table would be pulling it away, the 
gravity of the face plate, instead of confining it 
more closely to its bearings, as in the case ofa 
planing machine carriage, would also be lost as a 
steadying and supporting element. Any one, even 
a lad, can fix the largest pieces true on such a ma- 
chine without danger, in much less time than on a 
lathe, and accounts kept of the performance of such 
machines show a gain of a fifth and more over 
lathes for the larger class of work. 

The machines of Bodmer embraced all the 
features of those now in common use, even to a 
wedge for raising the face plate clear of the ways at 
its periphery, so it could be driven ata higher speed 
in boring holes or operating on small pieces. This 
device will be understood by referring to the dotted 
lines at ¢ in the diagram. We may mention that in 
America, where relevancy seems to be quite ignored 
in machine nomenclature, these machines are called 
‘boring mills,” a term adopted no doubt in the 
western country where they were first made and used, 
and where the word mill was and is yet applied to 
nearly all establishments where machinery is em- 
ployed, rolling mill, planing mill, and paper mill 

or example, properly enough perhaps in such cases, 
but hardly applicable to a boring or turning machine. 
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Fig. 27 shows a method of traversing lathe 
carriag's by means of two screws connected by 
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gearing, so that an endless number of changes can 
be attained; a is the frame of a common lathe, 
partially in section to show the gearing, ee are two 
screws resting in recesses planed or bored in the 
sides of the frame c, is a wormwheel running loose 
on a stud fastened in the carriage o. If the two 
screws have the same pitch, and revolve at the same 
velocity in opposite directions, the carriage will 
stand still, but with every change of relative speed 
between the two screws the carriage will be more in 
proportion to such difference. If both screws 
revolve in one direction at the same speed, then the 
wheel ¢ becomes a nut, and does not revolve, the 
carriage being moved to correspond with the pitch 
of the screws. This invention, which is described 


in a patent of 1839, is not one of any great practical | 


value as a feature in lathe construction, because a 


single screw answers for all the changes ordinarily | 
required, and as many as the present exigencies of | 


lathe making admit of ; the device is noticed because 
of its novelty, and with one other exception, is the 
only thing of Mr. Bodmer’s invention that will be 
illustrated for that reason. Although; as before re- 
iwnarked, such a movement is of no value ona common 
lathe, there are cases where a differential movement 
of two screws arranged in this manner might be of 
great convenience. As a kind of reducing gearing 
such a device would be no more simple or effective 
than methods in common use, but to attain a tra- 
versing motion that would admit of almost any con- 
ceivable change, such gearing would be cheap, and 
the changes easy to make. 

A wheel-cutting engine of the same date, too 
anes for illustration here, might, we think, be 
safely claimed as one of the most elaborate machines 


ever constructed for metal working. Some late 
examples from Continental sources, and also from 
America, do not in their range of adaptation com- 











pare with Bodmer’s machine. It was arranged to 
cut spur, bevel, and mitre wheels, internal gearing, 
wormwheels, and straight racks, also to cut the teeth 
in wooden models or patterns for wheels. For this 
later operation a peculiar kind of cutter block or 
head was employed, shown in Figs. 28 and 29. The 
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drawing shows such cutter blocks as they are 
now employed in America for shaping machines, 
generally called in this country, edge - moulding 
machines ; the only variation, however, from Bod- 
mer’s plan is in the proportions. This method 
of holding wood-cutting knives by clamps at their 
ends has been a patented invention long since 
Bodmer’s time, and the subject of much controversy 
which might have been saved if the original drawin 

of Bodmer’s gear-cutting engine had been put in 
evidence. The method is one of the safest and best 
for small knives, because of its simplicity and cheap- 
ness ; a shows the upper part of a spindle, ¢ a fixed 
collar, c a movable one, both having angular grooves, 
into which the sides of the knives d are fitted. The 
whole is clamped down by the screw nut 0 on the 
top. The advantages are that holes or slots in the 
knives are not required, and the narrower cutters 
can be heldin safety. In setting also there is much 
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gained, because in moving the knives forward or 
back their rotary alignment is preserved, 








In Fig. 30 are shown side and top views of a tool 
for cutting screw threads, described in the same pa- 
tent; a is a stock or holder, c the cutting instru- 
ment, and ¢ a shaft or spindle to show the position 
of the tool when in operation. The cutter c is a 
section or segment cut from a ring or collar after a 
screw thread has been formed on the inside. This 
piece is clamped in a suitable recess in the stock by 
means of the screw-bolts, as shown, and may be 
easily removed for sharpening, which is done by 
grinding off the ends, either of which may be turned 
to the top. It may also be noted that such a tool 
can be readily adjusted to different heights for 
re of large or small diameter, and as different 

inds of material may require. 

The essential points in this device have no doubt 
been invented many times; the writer some — 
ago saw in use tools of a somewhat similar kind, 
but the screw threads, instead of being formed on 
the inner side of the ring, were on the periphery, 
or to describe the tools better, they were of 
tempered steel screw-threaded on the periphery, a 
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notch being cut away so as to form cutting edges. 
The means of holding were much the same, but the 
endurance and working qualities were no doubt in- 
ferior to Bodmer’s, because the “ clearance” is less 

erfect in the case of a tool having a convex “ re- 
ief,” as itis called. Scarcely any one would arrive 
at such a conclusion from inference, but would sup- 
pose that if the tool C had a screw-thread on its 
convex side, and was turned about in the stock, the 
clearance below the edge would be more complete ; 
this isin practice not the case however. A stock 
and die operate upon the method of Bodmer’s tools, 
and furnish a good example of endurance under cir- 
cumstances which would soon destroy tools with a 
curve reverse to the piece being cut. Lathe tools 
of this kind, where a number of points are applied 
to screw cutting, can only be used on short stiff 
een or when a back rest is employed, and in this 
act is no doubt to be found the reason oe | they 
have not come more into use; they are g as a 
tool, but fail in adaptation to the circumstances of 
ordinary lathe work. 


(To be continued.) 








LIGHTING BY ELECTRICITY.—No. VII. 

Tue extraordinary amount of public attertion 
which has been accorded during the past two years 
to the subject of the electric light, and the un- 
reasonable excitement with which that sudden wave 
of public attention has been accompanied, have, as 
might have been anticipated, given birth to a large 
number of systems for the generation and utilisa- 
tion of electric currents for the production of rays 
of luminous activity, as well as to a countless multi- 
tude of electric lamps, regulators, candles, and 
accessory apparatus, many of which have long ago 
been found wanting, and are already well-nigh for- 
gotten, while some are the systemsat present in active 
and successful employment, and others, from their 
satisfactory experimental working, are coming to 
the front, and have their future before them. ‘Thus 
the Siemens and the Gramme machines for single 
arc illumination hold their own against all com- 
petitors, while the Wilde apparatus is largely em- 
ployed for naval purposes. For divided lights or 
multiple are illumination the Jablochkoff system is 
still by far the most extensively adopted, but, at 


the same time, others are following close upon its | 


track, and both the Brush and Werdermann systems 
are daily becoming more and more powerful in their 
competition. 

In the applications of the physical forces hardly less 
than in the science of biology, the aspect of the sub- 
ject at any one time is the result of a fight between 
natural selection on the one hand and the struggle 
for existence on the other, whereby the weakest 
goto the wall and the fittest alone survive, and 
this is illustrated in a remarkable degree by the 
hundreds of inventions that have been brought before 
the public during the past two years more or leas 
connected with the electric light. Some of these, 
such as we have mentioned, from their intrinsic 
excellence, have not only held their own, but have 
steadily increased in public favour ; others, Jike the 
Brush, arein the ascendant, and many that gave great 
promise a few months ago, and which had un- 
doubtedly high merits, seem to be passing out of 
sight. How is it that we hear now so little of the 
systems of Wallace-Farmer, of Lontin, of Rapieff, 
of De Meritens, of the platino-iridium light, and of 
many others which bid fair a short time ago to take 
leading positions, but which appear from some cause 
or another, if not to have gone back, to have re- 
mained exactly where they were when first they saw 
the light ? Of lamps, the regulator of Serrin either in 
its original or in its modified forms, although one of 
the earliest, has survived the longest, and we know 
of no electric —~ which can surpass it for steadi- 
ness of action or for facility of management. Again, 
the Siemens lamps, in use with the Siemens machines, 
and in good hands, give the most excellent results, 
but with these two exceptions nwné of the older 
forms of regulators seem to have survived the race 
in competition for practical commercial adoption. 

It would form au interesting chapter in the history 
of inyention to observe the enormous number of 
plans that have been suggested and inventions 
patented during the last twenty-four months for 
‘electric lamps and methods of regulating the 
electric arc.” In the Paris Exhibition there were 
no less than sixty-four varieties, and since that time 
the patent oflices in London, in Paris, in Wash- 
ington, end in other places have been inundated 
with applications for the protection of apparatus for 





the same object. It would be safe to premise that 
many of these were never constructed, and a still 
larger number never could have worked if they had 
been constructed. And there is another and a very 
large class of what are nothing more than repatent- 
ings of old inventions, some of which have been 
invented over and over again. And if each of 
the many hundreds of applications had to stand 
the tests of correctness of principle, originality, 
practical applicability, and possibility of construc- 
tion, the list would be reduced to surprisingly small 
dimensions. 

We illustrate on page 163 an electric lamp, 
devised and recently introduced by Mr. Charles 
F. Heinrichs, which, in our opinion, satisfies 
all the above tests, and, besides being exceedingly 
simple and ingenious in its construction, possesses 
certain characteristic features which give to it special 
advantages, and placesit in a position of importance 
among electric regulators. 

The most striking feature of Mr. Heinrichs’ re- 
ulator, which is shown in Fig. 1, is the unusual 
orm of the carbon pencils c! and ¢*, which, instead 

of being straight as in other instruments, are curved 
to a circular form, and are attached by their upper 
extremities to the ends of two radial bars or carbon 
holders 4’ and 42, whose length is equal to their 
radius of curvature, and whose opposite ends are 
pivotted to a common centre 4, which is also the 
centre of curvature of the carbon pencils. 

Our readers are well aware that when the electric 
arc is formed between two carbon pencils of equal 
sectional area, under the influence of currents of 
electricity continuously in one direction, the positive 
carbon is consumed very much more rapidly than 
the negative, being, in fact, in the ratio of close 
— 2 to 1, and it is one of the principal objects of 
all regulators so to proportion the feed of the two 
carbons that the arc formed between them is main- 
tained at the same place. In the regulators of 
Siemens and of Serrin the weight of the upper or 
positive carbon descending sets into motion a train 
of gearing by which the lower or negative carbon is 
raised at half the speed of the upper. But as the 
action of alternating currents of electricity gives 
rise to no such unequal consumption of the two 
carbons, regulators for employment with such 
currents are somewhat simpler in construction, and 
are in most cases fitted with pencils of equal diameter 
and length which are brought together at equal 
speeds. In Mr. Heinrichs’ lamp for continuous 
currents shown in Fig. 1, the carbon pencils are 
made of different sectional area, the positive pencil 
C' being 13 millimetres in diameter, while the 
diameter of the negative pencil C? is 11 millimetres ; 
it being found that by employing a smaller carbon 
for the negative pole than that used at the positive, 
more satisfactory results are obtained both as regards 
steadiness of working and intensity of illumination. 
With this proportion between the diameters of the 
carbons, the ratio of consumption per unit of length 
is about 14 to 1, and the mutual approach of the 
carbons is consequently determined at that propor- 
tion of speeds by means of equal-sized pinions 
attached at 4! to the axis of rotation of the two 
radial arms 4' and 4°, which by being geared at 
opposite sides into the two connecting racks a' and a?, 
are controlled by the two pinions e’ and e?, which 
are rigidly fixed to their common spindle d, and the 
diameters of these pinions are so proportioned to 
one another, that while the one rack is moved 
through a distance corresponding to three of its 
teeth, the other is simultaneously moved through 
a space equal to two teeth, and by this means 
the radial arms 4' and J? are simultaneously dis- 
placed through ares proportional to the relative 
consumption of the carbon pencils respectively 
attached to them, and the electric arc is constantly 
maintained at a point vertically below their centre 
of rotation. 

But besides providing for the relative rates of 
consumption of the two carbons, a regulator for the 
electric arc has other important duties to perform, 
one of which is to keep the points of the carbons at 
such a distance apart, while the current is flowing, 
that the arc between them is maintained at the 
proper length, and another requirement is the in- 
stantaneous bringing the carbons into contact should 
the current be interrupted or become too weak to 
produce the arc. These two functions are in Mr. 
Heinrichs’ lamp performed by most ingenious 
arrangements, shown in Fig. 1, but which for the 
sake of clearness are drawn to a larger scale in 
Fig. 4. These arrangements form an essential 
feature in Mr. Heinrichs’ system, and are quite as 





characteristic as the curved nature of the carbons, 
A glance at Fig. 1 will show that the motion of the 
pinions at 4! and, therefore, of the carbon holders 
which are attached to them, is determined by the 
movement of the ratchet and escapement wheels / 
and /', which are attached to the same spindle and 
are connected to the carbon holders by the train of 
intermediate wheels shown in the illustration. Re- 
ferring now to Figs. 1 and 4 it will be seen that 
there are two distinct electro-magnets marked re- 
spectively m' and m? in circuit with one another and 
with tbe carbon pencils, ‘The object of the one 
magnet is to maintain the arc at its requisite length, 
first by periodically allowing the carbon pencils to 
fall towards one another through a small distance 
whose sum corresponds to that of their respective 
consumptions, and next by holding them at a fixed 
distance apart as long as the arc is at its proper 
length, and also to release the gearing altogether, 
so as to permit the carbons to drop into actual 
contact should by any chance the current be inter- 
rupted or become too weak to produce the arc. The 
object of the second magnet m* is first to separate 
the carbons to their proper distance, and instantly 
to throw its corresponding mechanism out of gear, 
so that the train of wheelwork is controlled alone 
by the magnet m', or in case of a cessation of the 
current is free from every controlling influence 
except gravity, whereby the carbons are brought 
into contact. 





It will be seen in Fig. 4 that the armature a* of 
the magnet w' is attached to the horizontal shorter 
arm of a bell-crank lever, while to the vertical or 
longer arm z' of the same lever are attached two 
pallets r and r!, so arranged that when the armature 
a* is attracted the tension of the weak spiral spring 
pis overcome, and the point of the lower pallet 
r engages in one of the teeth of the escape- 
ment wheel 4, which is thereby prevented from 
turning, and at the same time the upper pallet 
ris held away from the wheel by its upper 
portion being pressed back by coming into contact 
with the fixed pin vo'; the moment, however, 
that the current becomes weakened by the undue 
lengthening of the arc through the burning away of 
the carbons, the armature is tu a certain extent re- 
leased, and the pallet r' is withdrawn, and the tooth 
which was held by it falls against the top of the 
pallet +, which no longer being held back by the pin 
is brought against the wheel as the lower pallet 
is withdrawn : thus the carbons are fed through a 
distance corresponding to the distance between 
two contiguous teeth which is nearly the same as 
between the tops of the two pallets. If however 
the current ceases altogether, there is no attractive 
force to counteract the tension of the spiral spring 
p*, which consequently draws both pallets away from 
the escapement wheel, leaving it free to rotate. 

We will now in a similar manner follow out the 
action of the magnet m*. It will be seen on re- 
ference to Fig. 4 that from the peculiar construc- 
tion of the pallet « with reference to the fixed 
stops 1 and 3, it is entirely lifted out of gear with 
the ratchet wheel / at both extreme positions of the 
range of the armature a’*, for at one limit it is lifted 
out of gear by a horn pressing against the stop 1, as 
shownin the figure, and at its other limitit is similarly 
pushed away from the wheel by coming into contact 
with the stop 3; in its passage however from the oneto 
the other, that is tosay when thearmature is attracted, 
the pallet is free to engage with the wheel, which is 
thereby moved round through an angular distance 
determined by the number of teeth it is permitted 
to click over in its return journey, which in its turn 
is determined by the position of the stops. 

From the above description of the details of con- 
struction of the regulating apparatus the following 
process of action of. this interesting lamp will be 
clear to our readers: When no current is passing 
through the circuit the points of the carbons are in 
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contact, and the gearing is perfectly free from both 
ets and ratchet; the moment, however, that a 
current of sufficient strength to overcome the pull 
of the spring p* passes into the lamp it traverses the 
coils of the magnets, both armatures being attracted, 
that of m? separates the carbons, and that of m' 
which by reason of its disposition with respect to 
= pole of the magnet is slower-acting than the 
other) holds them in their new position by the pallet 
r' engaging with one of the teeth of the escapement 
wheel; as the arc continues the carbons consume 
away, the are in consequence becomes longer, the 
current is thereby to a certain extent weakened, 
and the force of the magnet being consequently di- 
minished is overpowered by a small spring p, whose 
tendency is to force the small pallet r away from the 
arm of the bell-crank lever to which it is pivotted, 
and the larger pallet is at the same time withdrawn. 
The wheel therefore rotates through the distance 
between the two pallets, and the carbons are ad- 
vanced through the distance to which the feed is 
adjusted, The immediate effect of this is to shorten 
the arc, thereby reducing its resistance and strength- 
ening the current, which immediately causes the 
armature to be again attracted, the action of which 
is to throw the small pallet out and the larger 
pallet into gear with the escapement wheel, which is 
maintained by the latter in the same position until, by 
the consumption of the carbons, the strength of the 
currentis again reduced, and the process is repeated. 
If by any chance after the feed has been given the 
strength of the current is not sufficiently increased, 
then the wheel is held until the distance between 
the carbons becomes too great for the arc to pass, a 
momentary cessation of current ensues, both arma- 
tures are released, and the unopposed tension of 
the spiral spring p? drawing the lever and pallets 
away clear of the wheel, the carbon rods, having 
nothing to hold them up, drop together, the circuit 
is re-established, and the lamp is set into action as at 
the commencement. The cessation of the current 
is but momentary, and although the operation of 
relighting takes time to describe, it is so instanta- 
neous in its operation that no fluctuation of the 
light is produced, and even if the time occupied were 
discernible, the intensely luminous incandescence of 
the carbons would carry on the light, so that the in- 
terruption of the current could hardly be observed. 
For use with alternating currents Mr. Heinrichs 
has designed the lamp shown in Fig. 2, which differs 
from the regulator last described only in the fact 
that as the carbons consume at equal rates, they are 
made of equal length and sectional area, and are 
caused to drop together at equal speeds, For this 
reason the differential rack-work is dispensed with, 
and the carbon holders are connected together by 
simple gearing, by which they are caused to rotate 
at the same speed, but in opposite directions. In 
all other respects the continuous current lamp is 
merely a repetition of that shown in Figs. 1 and 4. 
Fig. 3 represents an interesting and decidedly 
original apparatus, which Mr. Heinrichs calls his 
electric candle, in which no gearing or clock train 
is required for feeding the carbons, this being accom- 
plished by the action of gravity alone, the rate of 
the feed being determined by the mechanical action 
of the wearing away or consumption of the carbons. 
This apparatus consists of two pairs of circularly 
curved carbons, supported in planes perpendic 
to one another by radial arms geared together by a 
simple system of bevel wheels, by which the point 
of contact in each pair of carbon pencils is main- 
tained opposite the corresponding point of the other. 
The two radial arms carrying the one pair are con- 
nected with the positive terminal of an electric 
generator, while the other pair is in connexion with 
the negative, the former being suspended from the 
armature of an electro-magnet included in the current 
in such a manner that when no current is passing 
the point of contact of its two carbon pencils rests 
upon that of the carbons constituting the negative 
pair, the latter being immediately below, the former, 
and in a plane perpendicular to it, and when the 
current is established the attraction of the armature 
lifts the upper pair of circular carbons away from the 
lower pair to a distance equal to that required for 
the production of the arc. From this arrangement, 
the action of which in several points is analogous to 
that of M. Rapieff,* it will be seen that the length of 
the arc is determined by the amount of lift permitted 
to the armature, while the feed of the carbons is 
determined by their own wasting away during the 
combustion causing them to fall together with greater 





* See ENGINEERING, vol. xxvii., page 51. 


or less rapidity. Mr. Heinrichs has also designed 
lamps or candles for street illumination with the 
object of being supported by lamp-posts, which are 
identical in principle, the only difference being one 
of construction, the disposition of the principal parts 
being inverted, whereby the arc is maintained at 
the top of the apparatus instead of below, as is shown 
in Fig. 3. 

The special advantages of Mr. Heinrichs’ lamp 
consists, firstly, in the absence of any shadow from 
a suspended lamp cast downwards by the carbons 
or parts of the apparatus to which they are attached, 
and the production of such shadows is a decided 
disadvantage in those regulators which are fitted 
with vertical carbons; secondly, in the rolling up, 
so to speak, of long carbon rods so as to occupy a 
smaller space, for it is clear that a pair of circularly 
curved carbons forming a ring but 1 ft. in diameter 
represent more than a yard of straight carbon rod, 
which would necessitate the employment of a lofty 
regulator, and would be difficult of management, 
and as the length of the carbons determines the 
period during which a lamp can burn without atten- 
tion, there is an obvious advantage possessed by a 
regulator which can hold a long length of carbon 
within a small space. The inventor states that a 
carbon ring 1 ft. in diameter and possessing a sec- 
tional area corresponding to 12 millimetres in dia- 
meter of rod willproduce a light of 1500 candles 
for a period of nearly twelve hours. It might at 
first sight be considered an objection that the 
unusual form of the carbons required for this lamp 
would considerably increase their cost, but we are 
informed that the circular carbons can be made at 
the same cost as those of the ordinary pencil form, 

We think that Mr, Heinrichs is deserving of much 

raise for having produced a regulator so original 
in form, so interesting in principle of working, and so 
ingenious in the carrying out ot its details, as well as 
so successful in its practical results, and we cannot but 
think that his system possesses certain special advan- 
tages which will enable it to be one of the survivors 
in the battle of the strong against the weak. 


THE RELATION OF POWER AND SPEED 
IN STEAMSHIPS. 
To THE EDITOR OF ENGINEERING. 

Srz,—In my letter in your issue of the 6th inst.; besides 
an obvious di ment of a formula, there is a slight 
mis-statement which may be noted for correction. To- 
wards the close, when writing upon the initial coefficient 
of the pressure equation of the Shah, in the sentence, 
“‘for any speed V the pressures are obtained by adding to 
it the quantity of which the logarithm is .0793 V ;” the 
equation and calculated values show that this should have 
been, for any speed V, the pressure is the product of this 
quantity 2.302, by the number whose logarithm has the 
"The importance of th ts a further illust 

e importance of the inquiry suggests a further illustra- 
tion as to the great extent and iinenan with which the 
principle of the equivalence and convertibility of velocity 
and pressure enters the problem of steamship resistance, 
with segention. not only to the highest speed experiment 
of the Shah, but to all the others; and in like manner to 
every other vessel ! ; 

Thus, in the Shah experiments, the observed diagram 
pressures ought to be increased in the ratio of the velocity 
acceleration of the space equation N=3.72 V log. ~! .0003 V ; 
that is to say, by the factor log. ~’ .0003 V, in order to 
give the real values of the pressures. Only, as in this 
vessel, this quantity is very small, I may refer to a more 
marked example furnished by a set of, observations made 
upon a single screw commercial steam vessel, of full form 
and light draught, in the summer of 1875, and com- 
— to me at the time by the observer, Mr. William 

enny : 











Vessel A,. 245x34x8.4. Mean Draught (no Keel). Midship 
Area, 261 Square Feet; Displacement, 1145 Tons. 














} 
Element. | Notation. | L iI, Ill, 
Speed as ...| V nautical miles 6.47 8.46 11.79 
Revolutions «| N per minute 51.77 | 72.55 | 109.95 
Pressures ... «| (P+rp) pounds | 18.02 27.36 | 57.10 
Power ri E horses 187.3 398.5 1257.5 





It can be easily deduced that the relation of these quan- 
tities in terms of the s and constants, within the limits 
of observation, are as follows : 

E=5.990 V log.~' .1060 V, 
N=6.670 V log. ~ .0123 V, 
P+rp=4.473 log. ~' .0937 V. 
=. illustration, the contrasted formula and trial values 
g: 


Vv. E. N, 





(P+rp) 





Formuls.| Trial. Formals. | Trial. | Formula.| Trial. 





6.47 188.0 187.3 51.77 51.77 18.06 18.02 
8.46| 399.6 398.5 71.71 72.55 27.76 27.36 
11,79 | 1255.0 1257.5 109.80 109.95 56.93 57.10 























In the second of these we see another illustration of in- 
terchange of velocity and pressure, the formula value of N 
being in defect in the same ratio that the formula pressure 
is in excess. 

The important point we have to consider, however, is 
this, the acceleration factor of the N formula may be 
viewed as not ery oy. to that quantity, but as being a 
part and portion of the value of (P+rp). Since, in the pre- 
cise ratio it increases the value of N, the value of P+rp is 
proportionally diminished. Consequently, in any deduc- 
tion where this latter quantity is directly in question, we 
should have its log.~' .0937 factor multiplied by the 
log. ~! .0i23 V factor of the former; and accenting for 
distinction, we write instead of the observation value 


formula 
a (P+r p)'=4.473 log.~ ! .1060 V. . 
“se a large augmentation as illustrated in the following 
‘able : 








Speeds | 6.47 | 8.46 | 11.79 
Ptrey | 2170 35.27 79°50 
(Prp 18.06 27.76 56.93 








This is the statement according to the usual method of 
viewing power asa ~ made up of distinct pressure 
and space relations. But when it is viewed as a definite 
existence of which pressure is merely a phenomenon; as a 
mechanical principle stated in mathematical language, 
pressure is only the differential coefficient of power in 
regard to space, and the statement of steamship resistance 
is somewhat different, 

We have power developed and expended, within the 
limits of experience, a known quantity. Inany small space 
of advance of the vessel, a definite proportion is expended in 
producing movements in myriads of groups of fiuid particles, 
and circumstances remaining the same, at every successive 
instant this is repeated on new portions of the fluid ina 
like cycle of change. An average value of the whole of 
these actions in the assumed unit of time, one minute, in 
terms of Watt’s unit of 33,000 foot-pounds, is capable of 
being expressed by the formula referred to E=b V log.~! 
a V; in mathematical language a function of the velocity 
of the vessel; indicating the average velocities of the 
particles to vary in some ratio to that of the vessel, and 
its special form may be justified by the following reasoning : 

The power developed in the small time dt in which the 
vessel passes through the small space d s, is expended in 
the movements of the disturbed molecules through their 
— of changes of velocity, and if the average value of 
the space through which these movements take place be 
denoted by ds; and by PV, some function of the velocity, 
such that its differential coefficient in respect to d s, would 
be'the average resistance in this space ; mathematically 
expressed this mechanical principle is as follows : 


Edt=d s ['a,,PV, ds 
Next, noticing that $* =V, on dividing both members by 


ds, and Conan, we obtain, 
d v =d, PV, ds. ° ° (a) 


Again, E divided by V is the average resistance through 
the space described in one minute, expressed in terms of a 
certain unit, which er by BR we have, 


a 


Now, hypothesis I., assume ds, to be in a constant rati 
to ds, it will also be in constant ratio to d V, since V varies 
directly as s. 

Again, hypothesis II., since R is only a summation of 
gual quealiiies of the form d,,? V, from the relation be- 
tween s, and V, ds, 2 V must haye # constant ratio to R, 
and the product of this ratio and ds, may be represented 
by a dV, where a denotes a constant quantity. ence the 
members of (a) being divided by those of (b) we obtain : 


az 

_V_a&. PV —_ 

E —— dsj=adV. 
V 


Or, again, the first member having the well-known form 
of the differential of the Napierian logarithm of the 


quantity y’ 

d log. e =adV. 

Integrated this yields : 

log. 2 =C+aV. 

C being the arbitrary constant introduced by the a 
tion which we can assume to have the particular form ¥ 
6b; with, for pose f the further supposition that the 


logarithms are chan from the Napierian to the decimal 
base; this, by obvious modification, gives : 


log. E =log. b+aV, 
E=5 V log. 'aV. ° > & 
And we thus obtain the potential or power function, which 
being differentiated in respect to V, the differential co- 
efficient is the true proportionate value of the resistance as 
given in my letter of last month, as follows : 
a¥=(l+aV)z. 2 adiceceni 

MV? 





Again, the “Admiralty Formula” E = , when 





corrected by the approximate hypothesis : the power ex- 
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pended on the vessel is to the gross power in the ratio of 


(For Description, see Page 172.) 


In the closing sentence of my last letter I alluded to a 


the speed of the vessel to the retrograde speed of the screw ; | want of accurate trial data, of the same vessel at different 


is then reduced to the form, 
_MNHV?. 


Go * 
where H (helix), denotes the pitch of the screw, and C is 
written with an accent to distinguish it from the value in 
the first formula.* 

Now, in terms of the engine construction elements, re- 
volutions and piston pressures, the first member E can be 
repl. by, 

d%s 
21,010 
Hence, by multiplying both members by 33,000, and divid- 
ing them by the product N H, we obtain : 
1 572° 4 (py r p)— 93,000 MV? 
H Cc" 

As explained in my last letter, the value of the product of 
the factors of the first member is the quantity to which 
the late Dr. Froude applied the name ‘‘ indicated thrust.”’ 

But, to approximate towards the true thrust, the follow- 
ing important corrections upon it ar) necessary. First, 
the quantity (P+rp) must be diminished by the value of 
the constant quantity /, already discussed, and should have 
the form (P+rp-—/). Second, the piston pressures thus 
corrected require further correction for accelerated or 
diminished speed, as indicated by the formula value of N. 
Third, owing to movements in the water upon which the 
propeller acts, H the construction value of the pitch, is not 
the pitch of the screw’s action, and requires correction by a 

cient, a subject discussed in several of my papers. 
These reasons seriously detract from the value of any de- 
ductions founded upon the approximate statement of thrust 
from Dr. Froude’s point of view. 


bed ctions of Scottish Shipbuilders’ Association, 
March and November, 1861. 











draughts and trim ; in the vessel considered in the first part 
of this letter Mr. William Denny has supplied an excellent 
example of such data in the case of an altered draught and 
trim, which it will be most instructive to examine. The 
first trial being made at a draught, forward 7 ft. 7in., aft 
9 ft. 3in., mean 8 ft. 5in. ; a second trial was made at the 
draught, forward 12 ft., aft 12 ft. 8 in., mean 12 ft. 4in. ; the 
corresponding midship area and displacement in this latter 
case being 394 square f2et and 1820 tons, respectively. 

At the three highest speeds, the trial data kindly furnished 
me, gave the values of the constants in the equations, as 
illustrated by the contrasted, calculated and trial values, 
as follows : 

Second trial of vessel, An. 

E=4.266 V log.~! .1215 V, 
N=5.821 V log.” ' .0105 V, 
(P+rp)=3.650 log.~'.1110 V. 





E, N. (P+r p). 


Formula. | Trial. 


; . 
| Formula. | Trial. Formula.| Trial. 
} 














8.30 361.0 361.0 59.06 59.05 80.45 30.45 
9.84 658.5 650.0 72.66 73.60 45.14 43.99 
11,61) 1275.0 | 1275.0 89 48 89.50 70.96 70.96 





It may be explained, the errors of observations, to some 
extent present in every trial, in the foregoing formula 
values, arejassumed to exist in the second speed noted. They 
however, are very small, and comparing like quantities in 
this and the preceding experiment, it will be seen from the 
values of E, at 9.5 miles, both give 578 horse as the power 
for this s ; but at less peed the lower the speed, pro- 
portionally less power is taken by the deeper immerged 
vessel. Also, the deeper immersion reduces the value of f 
from 4.473 to 3.650! This initial value, and the formula 


i 


q ‘ey 





) 
,) 


values of (P+r p) form a curve which in reality agrees 
with experiment, although it would seem at the 9.84 miles 
the formula value, 45.14 1b., is 1.15 Ib. in excess. For, if 
we reduce the formula value by one-eightieth on account 
of the excess 8.5 of the formula value of E, and again by 
one-seventy-sixth on account of the formula value of N 
falling short of the trial value, we have the trial value 
exactly. 

Now in contrast, suppose we had assumed (P+r p) to 
be a quantity proportional to the me a+5b V?, and 
in like manner assume values of a and 6, which would make 
the first and last agree with experiment, it will be readily 
found, in this case, the value of the second would come out 
47.6 lb. or 3.6 Ib. in excess of trial ; while a would have the 
value—11.8 lb., which in respect to our problem is absurd, 
and without meaning! The length to which this letter 
has extended prevents further remarks. 

RosBert MANSEL. 

White Inch, Glasgow, February 19, 1880. 








CONTINUOUS GIRDERS. 
To THE EpiToR oF ENGINEERING. 

Srr,—I send you the following, a modification of the 
usual method of obtaining the strains in continuous girders, 
thinking that it may be of interest to your readers : 

On a given scale of feet let A BC D E represent a 
girder with intermediate piers at BC D. 

Let /=length of a span, say, BC. 
w=the load on unit length of it. 
Then choosing any convenient scale of bending moments, 


2 
on B C describe a parabola B h , such that g nave ; that 
is to say, the parabola whose ordinates would give the 
bending moments on BC if it were a separate girder. Such 
a parabola is to be drawn for each span. 

the ‘‘ theorem of the three moments” calculate the 
bending moments at B C D, and set off Bb, Cc, Dd resp 
tively equal to these. Join AbcdE. Then the bending 






















Fes. 27, 1880.] 


ENGINEERING. 


167 





EIGHT-HORSE POWER ARTILLERY SIEGE TRAIN TRACTION ENGINE. 


CONSTRUCTED BY MESSRS. JOHN FOWLER AND CO., ENGINEERS, LEEDS, FROM THE DESIGNS OF MR. J. A.C. HAY, ORDNANCE DEPARTMENT. 


moment at any point of the continuous beam is given on 
the same scale by the portion of the ordinate at that point, 
intercepted between the line AbcdE, and the parabola, 
at g, for instance, by fh. 

The points of contrary flexure being those at which the 
bending moment vanishes, viz., the points of intersection of 
the parabolas with the line A bcdE are at once obtained 
by measuring the horizontal distances of those points from 
the adjacent piers. 











These results may be deduced from a valuable proposi- 
tion given in Mr. Cotterill’s article in ENGINEERING for 
January 8th, 1869, in which he shows that if A B (Fig 2) 
represent a beam loaded with any weights W;, W:, W;, 
andlm, mn, no, be drawn equal to these on a scale of 
tons ; by choosing any pole p and drawing ac, cd, &e., 
parallel to 1p, mp, &c., respectively, and then joining ab ; 
the bending moment at any point z on the beam is found 
by multiplying the intercept yz in the scale of feet by the 
horizontal distance p g in the scale of tons. 

If p be chosen so that p q is unity, y z vy the bending 
moment. If now bending moments a a, 6 B be applied at 
AB, the closing line a 6 takes up the position a 3, and if 
We suppose @ a, 6 8 to become rigid the polygon will be in 
equilibrium if couples be applied at « a, b § equal to the 

nding moments at A and B. 

To begin with let aa alone be applied and join b a 
(which is then the closing line), then by starting } mo the 
end 5, Mr. Cotterill’s proof applies almost word for word 
and gives y! « as the bending moment at «. If now 6 G be 
applied and we draw ~ 8, p t parallel to ~ @ and « b, the 
difference of bending moment at # caused by this altera- 
tion is A # multiplied by the difference in vertical pressure 
at @, caused by altering the position of the closing line, 





(For Description, see Page 172) 





that is s t x A a, that is, by similar triangles, y' 2! 
multiplied by p q: and since p q is unity y! 2! is the differ- 
ence in bending moment. Thus with the given loads and 
bending moments at A B, the bending moment at any 
point z is z' z, the portion of the ordinate at x intercepted 
between the line a 8 and the polygon. In the limiting 
case when the beam A B is uniformly loaded, the funicular 


2 


polygon becomes the parabola B h C, whose height = ss - 


for the ordinate of the parabola gives the bending moment, 
and therefore for it pq is unity. I have found it con- 
venient to draw the parabolas for each case that can occur, 
and as each span is loaded either with dead and live load or 
with dead load alone, two parabolas only have to be de- 
scribed, and these can be transferred to the rest of the 
diagram, so that but little labour is needed to have a view 
of every case and to see what loading most severely tries 
any portion of the girder. By drawing lines parallel to 
A 6c dE we can determine in the usual manner the lengths 
of plates required in the flanges. 

As it is usual after calculating the bending moments at 
BCD to obtain the shearing stresses at those points, and 
then by the solution of quadratic equations to find the 
points of contrary flexure, after which all the intermediate 
portions have to be treated as independent girders ; a great 
deal of calculation is involved, and the more so as it has to 
be gone through for every separate way in which the girder 
can be loaded. 

The process now described dispenses with this labour, 
and possesses all the advantages of a graphic method over 
one of calculation. 

I am, yours truly, 
HERBERT BARFIELD, B. Sc. 

20, Clissold-road, Stoke Newington, Feb. 20, 1880. 





“A HYDRAULIC NOVELTY.” 
To THE EDITOR OF ENGINEERING. 

Srr,—A correspondent, ‘‘ Warning,’’ in your issue of the 
20th inst., gives his — on the above subject, at the 
same time he clearly shows that he does not understand it 
atall. With —_ permission I therefore will try to explain 
the action of the a tus better. 

In my letter in ENGINEERING, February 13th, I never 
said that the pressure and suction, which are created when 
water flows against or from the mouth of a pipe, form a 

art of the discovery. 1t is a well-known fact, which has 
n used very often to indicate and pressures in 


fluids, and I merely repeated it as a basis for the apparatus. 
But, as Mr. Warning does not see the fact in this special 
case, I will repeat, again referring to the annexed diagrams. 











i 
a 
Wl Ss . 
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The velocity v, with which the water flows from A to B, 
Fig. 1, is=4/2g h “ if frictional and other resistances are 
left out of consideration.” The levels in the pipes a and b 
are influenced upon by the velocity v, and thus even by the 
resistances. 


























f, with the plane of its mouth parallel to the 
e water will be at the same level as in B, showing 
Ifthe 
ag as is the 
case with the pipe a) there is, besides the hydrostatical 
pressure in B, an additional pressure caused by the water 


In a pi 
stream, 
that it is the head in B which determines this level. 
mouth of the pipe is placed against the stre 





striking against the mouth of a, and the level in a will 
therefore rise over B to an extent h corresponding to the 
velocity v in the stream. If the mouth be placed with the 
stream as in b, the created suction will cause the water to 
descend in 6 under the level of B to the same extent h. 
The difference in levels in a and b is =2h, showing that 
the pressure and suction, when acting separately, can pro- 
duce the above difference. That they can produce this 
difference when acting combinedly, can be shown in many 
ways, of which I choose the —re : 

f the pipes a and 6 are conn (Fig. 2) and d is shut 
before the water is allowed to flow, then, when the flew 
—— the water rises in a to the height h. Ifthe air-hole 
othen is shut and 4 opened, the suction at the end of b 

efies the air in the connecting pipe, and causes the water 
to rise further in a to the same extent as it descends in b. 
The pressure and suction are here acting combinedly and 
balance a head of 2 h. 

The force which can balance a head of 2h also can pro- 
duce the corresponding velocity or 2Vg h. If, therefore, 
the connexion between a and b is made, as shown in Fig. 3, 
in which the bottom end of ¢ corresponds to a and the top 
end to b, a velocity corresponding to 2h can be got at the 
central part. A pipe d, brought into the central reduced 


' part of c, will indicate such speed with a correspond:ng 
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head 2h. This is only the case when there is no flow out 
from d. Ifthe water is allowed to flow out from d the 
velocity in c will be reduced by the work done, and the 
head in d will descend to a corresponding extent. 

I am, Sir, yours respectfully, 


29. 





THE FORTH BRIDGE. 

To THe Epitor oF ENGINEERING. : 
Srr,—As the proposer of a design for a bridge for crossing 
the Forth at Queensferry, altogether different in structure 
from the “stiffened suspension bridge’ proposed by Sir 
Thomas Bouch, I notice with satisfaction in your leading 
article of this week’s ENGINEERRING that you are about 
to publish and point out the advantages of another design 

for the bridge which has been brought under your notice. 
You and perhaps some of your readers may not be aware, 
whilst at the same time numerous other engineers are 
aware, have criticised and approved a design for this bridge 
which I have carefully stndied for several years, and which 
was submitted to Sir Thomas Bouch by one of the directors 
of the North British Railway, and which I discussed with 
Sir Thomas Bouch some time before the contracts for his 





professions after they were called to the bar. The same 
rule ought to apply to the Institution. While agreeing 
with Mr. Middleton a it A. | . oY fact “— con- 
tractors are frequently invid supply designs men 
who, by wisteb af a brass plate ota lax Council, call 
themselves civil engineers, but I think that as a general 
rule you may put the men, brass plate, designs, and work 
into the same catalogue and call them bad, with the excep- 
tion of the brass plate, which is generally a most resplen- 
dent piece of work, and has the following writing on it, 
«__. ©. E., Architect and Surveyor.” 

Mr. Middleton next draws my attention to the very im- 
probable fact that for aught we know there are many men 
of greater ability outside the Institution than there are 
inside it. I beg to remind him that there are men who you 
could find who would be considerably aboye the average 
solicitor, barrister, surgeon, &c., but who are not allowed 
to practice in any of those professions. I fail to see the 
justice of degrading a profession for the sake of a few men 
who had they remained bond fide C.E. would have been in- 


finitely more respected than they are now. 
My letter was intended to draw the attention of the pro- 

fession to the present state of affairs, and see if some ing 

could not be done to mitigate the existing evils. I sugges 


that the system of election by ballot, at present like a club, 











floors. ‘‘ Longitudinal and deep floor’’ or “ cellular’’ sys. 
tem would perhaps be better names. 

I have now to thank you for kindly eg my reply 
tothe remarks in ENGINEERING. will, if necessary, 
more completely establish any statements I have e, 
but have no wish to write more on the subject, and will not 
willingly do so. 

I am, Sir, yours ry 4 
E 


o. B. Hunter. 
Bordeaux, February 16, 1880. 

[In Mr. Hunter’s last letter he atrributed to Lloyd’s 
**some alterations in details’’ in the construction of the 
s.s. Fenton. Having information that there was more 
behind this than Mr. Hunter cared to admit, and that the 
characteristic features of the design, the introduction of 
brackets, with alternating solid floors, arose at Lloyd’s, we 
stated as much. Mr. Hunter now himself admits that the 
arrangement of bracket floors was — by Lloyd’s. 
This is a trifle different, to say the least, from ‘‘ some 
alterations in details,” and sheds some light on Mr. 
Hunter’s accuracy. He now states that ‘‘ solid floors 
directly across the ship (but intercostal between the longi- 
tadinals ) was the first arrangement that naturally occurred 
to me. They were not introduced at the instance of 
Lloyd’s.”” This again is contrary to our information, and 
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design for this bridge were let. My design for this bridge 
is at present under discussion by the Institution of > 
neers and ay aye in Scotland, it having been fully 
explained to that body of engineers in Tt wy read on the 
28th ultimo by Mr. St. John V. Day, C.E., F.R.S.E.; and 
as the design has elicited so much expression of approval, 
I beg herewith to enclose you drawings of the same (Figs. 1 
to 4): and so soon as the discussion above referred to is com- 
pleted I shall have the pleasure of forwarding the stress and 
scantling diagrams for the structure both in iron and steel. 
This indeed I would do at once, but that Mr. Day’s paper as 
well as the drawings and diagrams are at present the copy- 
right of the Institution of Engineers and Shipbuilders in 
Scotland. In view of this being the case I beg to request 
the favour of your publishing the drawings of my design 
for the bridge in your next issue, and that you will suspend 
judgment or remarks upon the same until all the details 
are fully before you. 

i wish further to explain that in place of constructing 
the Forth Bridge with the great triangular members, 
meeting with an expansion joint at the centre of each of 
the great spans, I have been, and am still, considering the 
expediency of making the triangular members shorter, and 
uniting the gap 
=~ of say 300 ft. to 600 ft. long, as shown in elevation, 

‘ig. 4, which I also beg to enclose, and of this modification 
full details shall also be furnished to you. 

Without —s more at present, it will be seen that the 
very striking defects which you point out as inherent to 
such a suspension bridge as that proposed by Sir Thomas 
Bouch are in my design obviated in consequence of the ties 
and struts being always in direct tension and compression. 
For your further information I may state that arrange- 
ments have been made for the consideration of my design 
in London. I may add that the bridge, if erected accord- 
ing to this design, can be built on its place plate by plate 


until it is finished, commencing at three different centres of | 


the large span girders, and building outwards and upwards 
until the proper height is reached, and till they meet at 
the centre of the spans, requiring no scaffolding in its 
erection. 
Yours truly, 
ANDREW Barctiay, F.R.A.S. 
Caledonia Foundry and Engine Works, Kilmarnock, 
February 16, 1880. 





THE PRESENTSTATE OF THE PROFESSION 
OF A CIVIL ENGINEER. 
To THE EpiTor oF ENGINESRING. 

Si1x,—In reply to Mr. Middleton’s letter of the 7th ult., 
I should feel obliged if he would kind:y inform me the 
difference between a contractor and a manufacturing en- 
gineer. I have never beard of a manufacturing engineer 
who is not a contractor as well, and if he will read 
my letter again he will see that I do not deny that con- 
tractors, or manufacturing engineers as he prefers to call 
them, are admitted into the Institution, but said it was an 
illegal act on the part of the Council who admitted them. 

r. Middleton tells us that there are many contractors 
who were engineers before they were contractors, I may 
remind him that there are isters who were formerly 
solicitors and some physicians, but they had to drop those 








between them by lattice or bowstring | 





| should be abolished, which would, I think, exclude that 
class of men whose sole claim to be called a C.E. and to be 
admitted into the Institution are a brass plate, the larger 
the plate the greater the claim. 
Hoping that I am not taking up too much of your 
valuable space, 
I remain, yours truly, 


February 20, 1880. JuUNIvs. 








WATER BALLAST STEAMERS. 
To THE EDITOR OF ENGINEERING. 


S1r,—You will oblige me by the insertion of the follow- 
ing, which I will make as brief as possible : 

Those who know me know whether I am capable of mis- 
representation or not, and Iam not disposed to notice much 
your—or rather your anonymous contributor’s—accusation. 
The truth is, however, your contributor is wrong once more. 
I would speak of the firm he mentions with all respect 
and goodwill, but it is not the same firm as my late firm 
in all but thename. The misrepresentation, if there is any 
one’s misrepresentation, is not mine. I can easily prove this 
if it be necessary, but it is not necessary. The whole 
matter is totally irrelevant to the subject of my first letter, 
and I suspect it is brought in to serve as what is vulgarly 
termed a “ red herring,’’ as your contributor had not a good 
case. 

I would willingly share with Mr. Austin the “‘ credit’’ of 
the Fenton and Ridge Park system of construction, 
though my late partner did not take any part in designing 
those vessels, but I do not want any credit at all. I con- 
sider the design exceedingly simple, and I only want the 
plain truth to appear when the subject is referred to. As 
your note says, ‘‘ many ‘ claimants’ will doubtless turn up”’ 
(now that the system of construction has proved successful). 
Your contributor may possibly be one of those, but I am 
not. I am merely the designer and builder of the ship, 
which (to quote your words) was ‘‘ the first merchant ship 
built on the longitudinal and bracket plate system,’’ which 
(you say again) ‘‘is causing a revolution in the mercantile 
marine.’’ I have no need—and no wish—to put forward 
any pretensions whatever, and no corrections to make in 
my letter of 28th ult., though it was somewhat hastily 
written. 

You are correct in stating that the bracket floors, in- 
stead of differently spaced solid floors, were suggested by 
Lloyd’s. I agree also with your former remark, that credit 
is due to the officers of Lloyd’s Register of Shipping, who 
have showna iness to assist in developing such systems 
| of construction, and to take upon themselves the responsi- 
| bility which such a course of progress necessarily entails. 

Solid floors directly across the ship (but intercostal between 
| the longitudinals) was the first arrangement that naturally 

occurred to me. They were not introduced at the instance 
| of Lloyd’s. 

I have not expressed any opinion as to whether the 
changes in detail made by request of Lloyd’s were alto- 
gether improvements or not, and may take another oppor- 
tunity to ider this questi Imay add in this letter, 
I do not consider the name longitudinal and bracket system 
most properly describes the construction. Some of the 
best ships building on this plan have, I believe, no bracket 

















we would ask Mr. Hunter whether his proposal to Lloyd’s 

was for solid floors directly—in a line—across the ship, and 

. a re he explain what the arrangement really was ?— 
D. E. 





BOILER INCRUSTATION. 
To THE EDITOR oF ENGINEERING. 

Srr,—I am pleased to see that the question relating to 
boiler incrustation has been taken up by ag valuable 
journal, and from the kind advice sent by Mr. Schwab I 
did hope to see in your issue of the 13th that some reliable 
information would have been given, but unfortunately for 
steam users, the question relating to incrustation has up 
to the present time completely baffled the intelligence of 
our engineering celebrities, and even those officials who are 
associated with the different boiler insurance companies 
are unfortunately in the same dilemma, and whilst I am 
bound to admit that the advertised remedies (which are 
said to prevent and remove this boiler scab, for I deem it 
worthy of no better name) may be counted by hundreds, 
and in the majority of cases should be looked upon as 
humbugs, from what I can learn that which is considered 
the best is that upon which the largest percentage has 
been paid for its introduction ; this remark applies strongly 
to a many of our mechanical inventions, and in a great 
measure baulks progress; it would be as well I think, if 
our steam users would take a little more trouble by looking 
more carefully into what is bought and what) they pay for. 

It is well known and will readily be admitted by the 
medical faculty that sameness in disease does not receive 
the same treatment, the constitution has to be considered, 
and the same may be said of incrustation in steam boilers, 
as the different qualities of water produce varied results 
which call for different treatment. I feel certain that any 
information which would tend to secure a positive result 
— iy by all steam users generally accepted and readily 

opted. 

With regard to filtering apparatus, while they are good 
for giving clear water, still they do not give any guarantee 

inst the formation of incrustation, not even the filter 
so astutely lauded and referred to by Mr. J. Twibill in 
his letter which appeared in your issue of the 13th inst. 
I think while he is anxious to blow his own trumpet, he 
— do so with a consistency that can be borne out by 
acts. 

In conclusion it may be as Mr. J. Twibill says, “‘ perhaps 
Mr. Schwab has never seen his improved boiler filter ;”’ 
should Mr. Schwab be favoured with an inspection he will 
see and learn for himself (at least, so I think) that it will 
neither add to economy nor prevent incrustation however 
intelligent the fireman may be. 

Yours respectfully, 
A Two-FLUED BOILER. 








NOTES FROM THE NORTH. 

Guascow, Wednesday. 
Glasgow Pig-Iron Market.—The warrant market was 
again dull last Thursday, and prices showed a further 
decline to the extent of 1s. per ton. Business was done 
during the forenoon at from 68s. to 67s. 4}d. cash, and 
68s. 3d. fourteen days to 67s. 10}d. one month, buyers at 
the close offering 67s. 6d. cash and 67s. 10$d. one month, 
and sellers asking 14d. per ton higher. In the afternoon 
from 67s. 9d. to 67s. 6d cash, and from 68s. 3d. to 68s. one 
month were quoted ; and the market closed with sellers at 
the lower prices, and buyers at 67s. 44d. cash and 67s. 103d. 
one month. Warrants had rather a downward appearance 
early on Friday forenoon, but subsequently the market 
became very firm, and prices closed 3d. over those of the 
previous day. There were transactions at the opening at 

67s. 3d. cash, and then there was a fall to 66s. 10}d., fo! 








l- 
lowed by an improvement to 67s. 3d. cash; and from 
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67s. 6d. to 67s. 3d., and 67s. 74d. one month were paid, the 
market closing with buyers at 67s. 3d. and 67s. 7$d. cash 
and one month respectively, and sellers 14d. higher. 
Prices recovered in the afternoon from 67s. 13d. to 67s. 9d. 
cash, and from 67s. 8d. to . 134d. one month, sellers at 
the close asking 67s. 9d. cash and 683. 3d. one month, and 
buyers offering 1}d. per ton less. Monday’s market was 
flat, as the reports from America were less favourable 
than they had been. On the day’s transactions there was 
a decline of 1s. per ton, but as contrasted with last week’s 
close the fall was 74d. Business opened in the morning at 
68s. cash, but the prices fell to 67s. cash, and from 68s. 34. 
to 67s. 6d. one month, the close being, buyers at 67s. cash 
and 67s. 6d. one month, and sellers 14d. over. The after- 
noon quotations were from 67s. lid. to 66s. 10}d. cash, 
and from 67s. 6d. to 67s. 44d. one month, and the market 
closed with buyers at 67s. cash and 67s. 6d. one month, 
and sellers 14d. per ton higher. Makers reduced the price 
of No. 1 Coltness 2s. 6d. per ton, and No. 1 Dalmellington 
2s. per ton in the course of the day. The market was 
ain dull pr per and prices receded to the extent of 
6a. per ton, of which 3d. was afterwards recovered. Busi- 
ness was done in the forenoon at 67s. 1$d. to 66s. 6d. cash, 
and at 67s. 74d. to 66s. 10jd. one month, the market clos- 
ing with buyers at 67s. 7}d. cash and 67s. one month, and 
sellers 14d. over ; afternoon — 66s. 6d. to 66s. 10d. cash, and 
67s. to 67s. 3d. one month, the market closing with buyers 
at 66s. 9d. cash and 67s. 14d. one month, and sellers 14d. 
er ton higher. The warrant market was flat this forenoon, 
but a good business was done at from 66s. 11d. to 66s. 3d. 
cash, also at 67s. 3d. to 66s. 103d. one month, the close 
being—sellers at 66s. 4}d. cash and 66s. 10}d. one month, 
buyers offering 1}d. per ton less. The market opened this 
afternoon with business done at 66s. 3d. and then receding 
to 66s. 1d. cash, also 66s. 6d. one month, gery to 
66s. 4d. cash, and closing rather sellers at 66s. 3d. cash and 
66s. 6d. one month. In consequence of the lull in the bay- 
ing on American account, a very depressed feeling has set 
in, but many weak holders have cleared out, and the market 
is now on a pretty solid basis. The fear of impending re- 
ductions by makers has intensified the dulness; it is 
probable, however, that the active announcement of reduced 
quotations would help the market, as they have in all pro- 
bability been fully discounted. Shipping iron has been 
quiet, with less doing, and notwithstanding the flat warrant 
market, second-hand parcels are not being pressed for sale. 
The stock in Messrs. Connal and Co.’s warrant stores stood 
at 443,839 tons at the end of last week, showing an increase 
for the week of 2302 tons. No change falls to be reported 
in regard to the number of blast furnaces in operation, the 
total still being 111 as compared with 88 at the same time 
last year. Last week’s shipments amounted to 15,152 tons 
as against 8995 tons in the corresponding week of last year. 
Some large shipments have been arranged for, chiefly for 
Philadelphia, for which port alone there were fourteen 
vessels loading and engaged to load at the end of last week 
at Ardrossan, Troon, and Bowling. 


Institution of Engineers and Shipbuilders.—At a meet- 
ing of this Institution held last night the discussion on the 
Tay Bridge was resumed by Mr. Day reading a supple- 
mentary paper. Some serious charges were e with 
respect to the workmanship of the Tay Brid Mr. Day 
said that evidently some person engaged in the work must 
have been cognisant during the whole life of the bridge of 
at least one vital element of its insecurity ; and Mr. John 
Page, C.E., stated that he never before saw such shame- 
fully bad work. Amongst the a there were Mr. J. G. 
Fairweather, C.E., Edinburgh ; Mr. J.M. Gale, C.E.; Mr. 
James G. Wilson, Mr. T. A. Arrol, Mr. Alexander Simpson, 
C.E. It was resolved to adjourn the discussion for a fort- 
night, when a special meeting will be held for that 
purpose. 

Royal Scottish Society of Arts.—A meeting of the Royal 
Scottish Society of Arts was held on Monday night. There 
was a large attendance, and Mr. 7 Blanshard, presi- 
dent, occupied the chair. Mr. Wm. P. Buchan, plumber 
and sanitary engineer, Glasgow, read a paper ‘‘ On the 
Drainage and Sanitary Fittings of Houses.’’ Mr. Buchan’s 
paper was illustrated by numerous diagrams, and at the 
close he received the thanks of the Society. 


Mechanical Power on the Greenock Tramways.—The 
Police Board of Greenock have agreed not to object 
to theuse of mechanical power on the tramway lines of 
the town, under certain provisions of control. 


The Callander and Oban Railway.—Earnest efforts 
are now being made to complete the line of railway between 
Dalmally and Oban, hopes being entertained that by mid- 
summer there may be direct communication between 
Glasgow and the capital of the Western Highlands. The 
bridge over the Awe is nearly finished, the embankment at 
Glenshalloch is now ready, and good progress is being 
made with the rock cutting at the head of Glencruitten. 
In Oban itself workmen and navvies are a at every 
point, and quite a sensation was caused lately by the ex- 
tensive enlistment of apprentices to the art or occupation of 
diving for the sub-aqueous works that are to be constructed. 
The rate of pay offered was sufficient to insure a good 
number of candidates. The work of the divers consists at 
present in constructing the concrete bottom for the sea wall, 
and preparing otherwise for the pier. The opening of the 
railway to Oban during the ensuing summer or autumn 
will materially affect the whole of the Western Highlands, 
and cause the opening up of new methods of communication 
between Oban and outlying ports. 

The Forth Bridge.—A meeting of the directors of the 
North British Railway Company was held in London last 
week, when the position of the Forth Bridge undertaking 
was fully di . It was decided that the construction of 
the foundations should be prosecuted as rapidly as possible. 

consequence of statements which had been published, to 
the effect that the contractor had made a start with the 





creation of the Forth Bridge, South Queensferry was 
visi 
men in search of employment. ‘They were of course dis- 
appointed, as a month or two must yet elapse before the 
preparatory arrangements can be completed, and the actual 
work of constructing the bridge begun. The preliminary 
operations, however, which are themselves considerable, 
have now been commenced. On Monday the ground was 
laid off for the erection of an enormous workshop and the 
formation of a railway siding, by which material may be 
conveyed from the main line. The site of the workshop— 
the dimensions of which will be someting like 125 yards 
by 53 yards—is in a field above the Haws Inn, and imme- 
diately to the east of the spot where the south abutment of 
the bridge will have to be built. The structure will be o 
wood, with iron pillars, and is to be erected by a Paisley 
contractor. Men were employed in carting material for 
concrete, and the erection of the workshop was to be com- 
menced forthwith. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Scarborough and Whitby Railway.—A meeting of the 
proprietors of this company has been held, and a report 
roduced, which states that the directors have introduced a 
ill into Parliament which will enable them to revive the 
lapsed powers of the company, with a view to arrange for 
the completion of theline. It is proposed to capitalise the 
liabilities of the company, and to treat new capital as pre- 
ference shares. 


Tubbing in Mines.—At the Manor Colliery, Ilkestone, 
belonging to Messrs. Adlington and Co., water-tight tubbin 
is ery | put in the shaft in order toshut outthe water an 
avoid the labour and expense of tubbing. The shaft is about 
300 yards deep, and the pumping has drained both the Manor 
and Pewitt Collieries. It is expected the Pewitt Colliery will 
become flooded when the pumping ceases. At the latter 
colliery workmen are now obtaining as much coal as possible 
before, the expected inundation. 


Henry Briggs, Son, and Co. (Limited).—The half- 
yearly meeting of this important company has been held. 
The directors say that during the past half-year the average 
selling price of coal has m considerably below the 
current for the corresponding period of the 1878. The 
increased demand for firon is a hopeful feature, and at 
the present time the export coal trade gives promise of a 
better state of things for the coming year. 


Steel and Iron—During the past week there has been a 
decided improvement in the iron market; manufactured 
irons having again advanced in prices, particularly bars and 
sheets. There are also heavy orders to hand for steel 
plates, both ship and boiler, the latter being particularly in- 
quired after. Armour plate manufacturers are becoming 
much busier, mostly on composite plates. 


Sanitary Works in the Brampton District.—The 
Brampton Local Board are entering on sanitary work of a 
very important character. The disposal works are to be 
laid out on the principle of intermittent land filtration. 
Mr. John Gould, civil engineer, Chesterfield, has drawn 
the plans, and a considerable amount of work in the same 
district, of a similar character, has been completed under 
his supervision. 

The Sanitary Condition of Hull.—The Corporation of 
Hull are endeavouring to find some means of getting rid of 
the town’s refuse. Hitherto much of the sewage has been 
spread on land, which subsequently has been sold and built 
upon. The result has been an extension of the ravages of 
disease. The Corporation are inclined to follow the example 
of Leeds, and burn the refuse in furnaces to be erected 
outside the borough. How to deal with sewage is, how- 
ever, a difficult question. 


NOTES FROM THE SOUTH-WEST. 

The Severn Tunnel.—Sir John Hawkshaw has from the 
first been the consulting engineer of the Great Western 
Railway Company in this work. The directors having 
determined that the time has arrived when the engineering 








management of this work should be placed under his more 
immediate supervision and control, have, upon his advice, 
agreed to accept a tender from Mr. T. A. Walker, for the 


execution of the whole of the works for 948,9591. Addi- 
tional engines and pumps are being prepared, but as it may 
be some time before they will be available, Mr. Walker is 
engaged in an endeavour to stop back the water in the 
heading, in order the sooner to proceed with the formation 
of the tunnel under the river. Although the completion of 
the tunnel will be somewhat delayed, the engineer is satis- 
fied that the inflax of water in the heading in no way affects 
the practicability of the work. 


Great Western Extensions.—The contract for the con- 
struction of the Coleford line has been let, and the work 
will shortly be commenced. Possession has been obtained 
of the greater portion of the land required, and steps are 
being taken to acquire the remainder. ‘The Mitcheldean- 
road Branch to the Forest of Dean coalfield will be ready 
for opening in the course of a few weeks. It is intended 
to proceed with the construction of the railways between 
Gloucester and Ledbury in the course of the summer. 


Dowlais.—It is intended to build no less than eighty coke 
ovens at the Dowlais Works, and the intention will be 
carried out with the least possible delay. Another coal- 
washing machine is also to be built, and this will place the 
company in a better position to secure ample supplies of 
coke of their own without being such large purchasers as 
they now are. Some little disappointment has been felt at 
Dowlais that there should have been so much difficulty 
experienced in striking coal at Bedlinog Pit. A vein of 
coal was struck there some short time ago, but it was of 





inferior character. It has now been lost again, so re- 


between Saturday and Monday by over 200 work- | 4 








ay effort will be required to get at the much-desired 


FB ay Eggers Fw! Dean Yorest.<-Malenenes - jer gs ntly 
le to a pro company for on the old iron 
works at Parkend, which have been idle some three or four 
years. It may now be definitely stated that the new com- 
pany has been formed, and is altogether independent of the 
Ponsard Steel Company recently registered, of which Mr. 
McEwen, of Manchester and Forest, is chairman. 


The Hirwain Works.—Steady progress continues to be 
made in putting these works into repair for the purpose 
of restarting. These works were first managed by a Mr. 


Bowser, who came from Carmarthen, and whose descendant 


f|is now the secretary of the Whitlington Life Insurance 


Society. Next they came into ion of Mr. Bacon, 
= — = - sold | : - ae. a = 

rawshay family they passed in @ possession of Mr. 
F. C. Hinde, who started the Hirwain Iron Company. 
They next passed into the hands of the Welsh Iron Works 
Company, then into the Landore new ng who used the 
furnaces, and very successfully, for the make of spina, 
From 1873 to 1875 a large amount of money was expended 
upon the works, and the furnaces may be said to be fairly 
equal to any. 


The Forest of Dean.—The position of the iron ore miners 
of this district is altogether changed to what it was six 
months ago. There is no abatement in the demand for 
Forest ores, and the iron trade is in an en ne It 
is stated at Cinderford that iron has been quoted at 71. 10s. 
for March, and with the upward tendency of the market 
for hematite pig, there is a pros’ favouring producers. 
The local forges are well supplied with orders for rods 
both {on American and home account; and the tin-plate 
mills are making full time. 


Swansea.—The mys | which recently prevailed in the 
steam coal trade has suddenly died away. The Me are 
busy, but there is not that rush for berths which took 
place last week. So far as prices are concerned, colliery 
proprietors have the greatest difficulty in maintaining the 
recent slight advance. The demand, too, is not so good. 
The price of coke has doubled in some districts. Tess 
than 100 blast furnaces have been added during the 
last three or four months to the number of those in work 
afew years since; if a low average of their production 
is taken, it is certain that these furnaces will need 
an additional quantity of 1,250,000 tons of coke to feed 
them. Many of the large iron works are using with great 
success anthracite coal as a partial substitute for coke. 
The patent fuel works are fairly busy; shipments are, 
however, limited, owing to the scarcity of ton Tron 
remains firm at recent prices. Great activity is observable 
at all the local works. Tin plates are showing a slight 
inclination to weakness, but not because orders are scarce. 


Merthyr.—The amount of business done in the iron and 
coal trades of this district continues to increase, and work 
is brisk at the Plymouth collieries, although the contracts 
on hand are said to have been taken at a low figure. The 
Cyfarthfa collieries are reputed to have even more than a 
fair share of the gen improvement of trade. The 
pane and Dow Companies are both in full swing, 
and are turning out the greatest quantity of iron possible. 
At both of these works a number of new coke ovens is 
being rapidly constructed. In connexion with the Cyfarthfa 
Works, some 70 new coke ovens are being prep by the 
side of the Ynysfach furnaces, upon the foundation made 
some years when the works were stopped. Eleven 
coke furnaces being rebuilt at Cyfarthfa will also soon be 
at work. There are now five furnaces in blast. With the 
exception of one forge and a blast furnace or so the whole of 
these works have now been gradually brought into operation, 
and an average of 1000 tons of finished iron per week is 
being turned out. Together with the collieries there are 
now some 3000 hands eng: at Cyfarthfa, or about 1500 
more than were employed when the works started some six 
months since. 


Great Western Railway; Improvements.—A vote of the 
proprietors has been reques for the following expen- 
diture : Paddington to Slough, widening line, 10,0001. ; addi- 
tional accommodation at Bristol (ets yard, 15,0001. ; new 
station at Newport, 20,0001. ; estbourne Park, addi- 
tional line, 20,0001. ; engine shed and coke stage at Birken- 
head, 10,0001. ; additional accommodation at New Milford, 
Heytesbury, and other stations, 25,0001.; additional roll- 
oy 100,0001. ; additional machinery, 50001. ; total, 

05,0002. ‘ 





THe ARTIsAns’ Act AND THE METROPOLITAN BOARD 
or Works.—At the last meeting of the Metropolitan 
Board of Works a — was presented by the Works 
Committee, dealing with the difficulty in which the Board 
is placed by the provisions of the Artisans’ Dwellings Act. 
Under this the Board is compelled to make provision for 
lodging of inmates of houses, provided the Board take 
fifteen or more houses in any specified locality. ‘I'he 
Home Secretary has recently refused to modify these pro- 
visions. Consequently an immense amount of land, which 
has been cleared for improvement in various parts of the 
metropolis, is lying essly vacant and unproductive, be- . 
cause individuals are unwilling to take the ground for the 
purpose of erecting dwellings for the working classes, 
although willing to pay a high price if the Act allowed the 
erection of warehouses, &v., on the sites. Consequent on 
the refusal of the Home Secretary to meet the wishes of 
the Board, the latter have resolved, in case no relief can be 
otherwise afforded them, to bring the matter before Parlia- 
ment next year, in the shape of a Bill to amend the Act, 
and to obtain a full inquiry by a Select Committee. At 
present, the Board 1s aw id well at a deadlock in regard 
to the disposal of the land except at an enormous sacrifice 
in respect to its value, 
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COMPOUND BLOWING ENGINE. 
CONSTRUCTED BY THE MARKISCHE MASCHINENBAU ANSTALT, ENGINEERS, WETTER-ON-THE-RUHR, WESTPHALIA. 
(For Description, see Page 175.) 
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NOTICES OF MEETINGS. 

INSTITUTION OF CIVIL ENGINEERS,—Tuesday, March 2nd, at 
8 2. Discussion upon Mr. Delano’s paper “On Asphalt,” and 
“The Purification of Gas,” by Mr. H, E. Jones, M. Inst, C.E, 

THE Socirty OF ENGINEERS.—On Monday, the lst of March 
next, at Westminster Chambers, Victoria-street, a paper will be 
read on “ The Utilisation of Coal Slack in the Manufacture of Coke 
or Smelting,” by Mr.G. M. Ward. 
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COLLIERY EXPLOSIONS. 

Tuat the collieries of Great Britain are of the 
highest importance and of the greatest value to the 
commercial interests of the nation, there can be no 
question. Without cheap coal, it would, at the 
present time more than ever, be impossible for 
British manufactures to compete with those of 
other nations, The amount of capital employed in 
this branch of industry, quite independent of those 
branches which depend so entirely upon it, is to be 
told by millions ; whilst it affords employment to a 
very considerable proportion of the population of 
the kingdom, And yet how great is the loss of life 
which year by year takes place amongst those 
occupied in working this industry. Although, 
happily, not so large as in former times, yet the 
catastrophes which from time to time are recorded 
in the newspapers are more than sufficient to show 
the necessity of greater precautions to secure 
safety. Not one of these accidents arises with- 
out spreading desolation in its neighbourhood ; 
and when the fact that on an average near upon 
one thousand lives annually are sacrificed is 
realised, the mind may perhaps realise how 
great is the danger incurred in these workings, 
and how great is the misery and loss spread abroad 
ia the country by such disasters, It is not our 








wish to dwell upon the harrowing misery which 
follows in their wake, but rather to consider if there 
are any means, and what, within our reach, for their 
alleviation. 

To the Davy safety lamp the nation owes much. 
It has been the means of saving more life than can 
ever be counted, and could the miners be relied 
upon never to tamper with it, we might even rest 
content with it ; but there have been, unfortunately, 
too many occasions in which there has been reason 
to believe this has been the case. Given a means 
of tampering with that which involves danger, 
there will ever be found those who will tempt it. 
This is the case with the Davy lamp, and the 
question which will naturally occur is, wherein is 
greater safety to be found? We commend to the 
consideration of all those interested in this great 
question the possibility of replacing the present 
safety lamp by the electric light. To those interested 
in the application of electric science we earnestly 
urge its consideration, satisfied that in its proper 
application there exists a safety beyond anything 
hitherto obtained, as well as a field of enterprise 
which will amply repay those who may be successful 
in effecting what is so urgently needed. From a 
humanitarian point of view, as well as in a political 
and economical sense, it is incumbent upon us that 
no effort should be lost, no idea possessing feasibility 
cast aside untried so long as there exists a chance 
of reducing the loss of life which now attaches to 
this one of our largest industries. 

We would yet go a step further, and ask whether 
it is not possible to obtain some forecast of the con- 
ditions under which those accumulations of inflam- 
mable gas, which give rise to these catastrophes, 
occur. It it noticeable that in more than one in- 
stance they have been preceded by a rapid change 
in temperature. It wassoin the explosion at the 
Leycett Colliery. For some days prior to the 21st 
January keen frost prevailed, and the night of the 
20th was ushered in by frost, but towards morning 
a rapid thaw took place and continued towards the 
evening of the 21st, the date on which the accident 
occurred. There would thus appear reason to 
consider the possibility of a connexion between the 
existence of an unusual accumulation of firedamp 
with the change of temperature which preceded the 
explosion. Nor is it unreasonable to suppose such 
to exist. Assuming such to be the case, the next 
point for consideration is how sufficiently timely 
forecasts of such meteorological changes are to be 
obtained. The barometer, thermometer, &c., are 
affected only after the change has been inaugurated, 
and it is open to question if this would be timely 
enough, even if the accumulation of the gas is 
not at that very time taking place, Here, again, we 
question if electricity cannot be called to the aid of 
the meteorologist. It is well known that prior to 
these great and rapid changes, the natural currents— 
termed ‘ earth currents”—which at all times more 
or less traverse the telegraph wires, are more than 
usually violent. This fact was observed many years 
since by Mr. Cromwell Varley, the well-known 
electrician, and by him communicated to the late 
Admiral Fitzroy, at that time the chief of our 
Meteorological Department, who testified to their 
value in his forecasts of the weather. We are not 
aware whether the United States Meteorological 
Department avails itself of such indications, but 
that a singular affinity exists between them and the 
changes which take place in the earth as well as in 
the atmosphere, has more than once been shown to 
exist. So far back as 1871 the attention of the 
Asiatic Society of Bengal was directed to the fact 
that prior to the Indian earthquake of February 16th 
of that year unusually strong natural currents 
traversed the telegraph wires. The Indian earth- 
quake of December 15th, 1872, was also preceded 
by such strong earth currents during the evening of 
December 14th that in order to work the wires it 
was found necessary to loop them. Again, the 
Italian earthquake of March 17th, 1875, was accom- 

anied by great disturbances on the land lines of 

taly. Whether any steps have been taken to 
reduce these indications to some system by which 
their value may be ascertained we know not; but 
there would appear reason to believe that great 
value attaches to them, and we earnestly commend 
the subject to the consideration of the Royal Com- 
mission—of which Professor Tyndall and Professor 
Abel are members—appointed, now nearly a year 
since, for the purpose of inquiring into the circum- 
stances connected With explosions in coal mines ; and 
from which Commission, constituted as it is of some 
of our most eminent scientific men, much good will 





come, Our observations are here directed mainly 
towards obtaining timely warnings of meteorological 
conditions, such as are favourable to the accumula- 
tion of large bodies of gas in the workings of coal 
mines, but it will be clear that should the means 
which we have suggested be in any sense applicable 
for this purpose, it will also do wide service in other 
directions, and we cannot doubt the question is one 
which will receive careful consideration at the hands 
of the Government and of the Royal Commission 
already referred to. The working of coal mines of 
the present day is enormously in advance of the 
practice pursued prior to their being subject to the 
inspection of a Government officer, but it is not 
necessary we should stop here, Life, to an alarm- 
ing extent, is still sacrificed, and so long as this is the 
case the effort must be to finda means of preventing 
it. With certain formations of coal, let the means 
of ventilation be never so good, there will be occasions 
on which the accumulation of gas will be largely in 
excess of its normal condition. 


MOLECULAR CHANGE IN WIRES. 

In his recent interesting researches upon electri- 
city, M, Gaston Planté observed that powerful 
electric currents when passed through fine metal 
wires had the property of rendering them very 
brittle. The currents employed by M. Planté were 
the discharges from his great rheostatic machine of 
eighty condensers (described in the Comptes Rendus 
for Oct., 1877, and Recherches sur l’Electricité) which 
givesa spark of 0.12 metresin length. Lightning rods 
according to M. Planté are also found to become 
brittle in course of time, by the passage through 
them of lightning discharges, and their failure is 
sometimes traceable to a break in their continuity 
which has resulted from this form of weakness. 
Again it has been observed by electricians that the 
platinum wires of the lightning arrestors inserted be- 
tween the ends of submarine cables and the shore 
land lines in order to guard them from the strong 
and damaging atmospheric and earth currents, 
which frequently circulate in the latter, are apt to 
become less elastic and more easily broken by use, 
doubtless owing to the passage of these currents 
through them. The nature of the molecular change 
produced in the wires by the rush of current through 
them is as yet a mystery, but the fact that it does 
take place is beyond question, 

Aware of this observation of M. Planté’s, it oc. 
curred to Mr. W. H. Preece, President of the So- 
ciety of Telegraph Engineers, to test whether 
a similar cffect would be noticeable in ordinary 
iron telegraph wires, These wires are, it is true, 
subject to very feeble currents in general, for the 
battery currents used in telegraphing are not to be 
compared in strength with those employed by M. 
Planté, and moreover the diameter of the No. 8 
telegraph wire is many times that of the capillary 
wires of the French investigator. But, on the other 
hand, the long-continued action of the telegraphic 
currents might, Mr. Preece thought, have some in- 
fluence in making the wires brittle. Further, 
though Mr. Preece did not, we believe, specify this 
agency in his paper on the subject read before the 
Society of Telegraph Engineers on Wednesday, 
February 11, the circulation of earth currents in the 
wires might have assisted in the structural deteriora- 
tion we are now considering. The wire chosen for the 
test was cut from a telegraph line erected 36 years 
ago between Bishopstoke and Botley, in Hampshire. 
It was of No. 8 B.W.G., but since exact measure- 
ments of the diameter and mechanical strains of 
telegraph wires were not made in those days, it 
was impossible to arrive at a correct value for the 
original dimensions and strength of the wire. The 
wire is now coated with rust, but is otherwise in 
fair condition. There are 69.33 yards of it having 
a diameter of (say) 175 mils (jo in.), and weigh- 
ing 16.682 lb. or 4)2lb. per mile. The electric 
resistance at 60 deg. Fahr. is 12.8 ohms, or 1.389 
obms per foot-grain; before breaking under a tensile 
strain its maximum elastictity was 15.5 per cent., and 
it stands 134 twists in 6 in. ere it breaks. No trace 
of galvanisation is left. Of course it is impossible to 
determine from these imperfect data whether or not 
the wire has become more brittle in course of time, 
for though we may learn very accurately what its 
present strength and elasticity are, we do not know 
what the original values were, We are not, there- 
fore, wholly warranted in concluding that in a 
strictly scientific sense there has been no molecular 
alteration in the wire; but we may safely conclude 
with Mr. Preece that, practically speaking, there has 











been none, and that for all the requirements of 
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telegraphy the wire is as good, or almost as good, 
now as when it was put up. Indeed, when we 
reflect that the molecular dislocation observed by 
M. ;Planté is the result of violent electric dis- 
turbance transgressing the bounds of- molecular 
stability so far that the molecules could not recover 
their old relations to each other, we are led to the 
opinion that any such brittleness need hardly be 
expected to make its appearance in telegraph wires, 
the limits of molecular resilience never being over- 
stepped by the comparatively feeble currents. In 
telegraph wires the of the current may 
agitate the molecules, but it could hardly throw 
them out of joint, 

Mr. Preece's paper was followed by a short but 
very interesting discussion bearing upon the subject 
of molecular changes in metals. Mr. J. B. Stearns, 
the inventor of the first practical duplex system of 
telegraphing on land lines, remarked that instrument 
makers found, curiously enough, that both brass 
and copper wire became brittle by simply lying in 
store, and without being traversed by currents at 
all. Mr. Stroh, the well-known electrical mecha- 
nician, corroborated this fact from his own ex- 
perience, and further added that the deterioration 
‘was more marked when the wire lay in a room 
where there was gas. Mr. Preece also gave it as 
the result of long practical experience with tele- 
graph wires in this country that they decayed in 
a few years near smoky towns or chemical works, 
whereas in the country they were practically inde- 
structible. Valuable pictures, too, sometimes 
dropped from the walls owing to the snapping of 
the brass or os wires by which they were hung. 
The most novel and important communication to 
the meeting was, however, the fact mentioned by 
Professor Hughes, that about a month ago he acci- 
dentally discovered that wires of iron or steel after 
being dipped for a very short time, say two minutes, 
in a solution of sulphuric acid and water, become 
exceedingly brittle and will not bear bending. We 
have repeated this experiment and testify to the 
results. On immersing two steel needles for two 
minutes in acidulated water containing about one- 
tenth of sulphuric acid to nine-tenths of water, 
the ends of the wires up tothe point where the level 
of the liquid stood were found to be in a condition 
best expressed by the word “rotten,” and they broke 
off short when an attempt was made to bend them 
on themselves with a pair of pincers. Professor 
Hughes has ascertained that the effect is not due to 
mere corrosion of the surface or ‘‘skin” of the 
metal, and Mr. Stroh, who has repeated his experi- 
ments, filed notches and made a rough surface on 
several pieces of wire which had not been immersed, 
without impairing their specific toughness. He also 

lished the surface of steel wires which had been 
immersed and found them to break as easily as 
before. Mr, Stroh has further extended the experi- 
ments of Professor Hughes to nitric acid diluted 
with water, but to his surprise, although the wires 
immersed in this acid were similar to those immersed 
in the sulphuric acid, and their surfaces much cor- 
roded by chemical dissolution, no signs of rottenness 
could be detected. Mr. Chandler Roberts, chemist 
to the Mint, has suggested to Professor Hughes that 
this curious phenomenon is probably due to the 
absorption of hydrogen by the iron; and it is 
worthy of note that Professor Hughes is able to 
restore the wire to something like its old elasticity 
and strength by heating it to a cherry red in the 
flame of a spirit lamp. A second plunge into the 
~ reproduces the rotten state. If the absorption 
of hydrogen yo is true, the flame of the 
lamp, by expanding the metal and expelling the 

would act in a manner similar to the electric 
candescence employed by Mr, Edison in his ex- 
periments on the tempering of wires in vacuo by 
expulsion of the air particles which they contain. 
The fact, however, that nitric acid has no effect on 
the wires would seem to militate against the 
hydrogen hypothesis, since no hydrogen exists in that 
ane Be this as it may, the ph2nomenon is cer- 
tainly an interesting one, and well worthy the atten- 
tion of engineers, for in these days of iron structures 
nothing should be neglected which tends to throw 
light on the atomic wreck of that material, 


MILITARY TRACTION ENGINES. 
Durune the latter of last year a series of ex- 








periments were carried out at Shoeburyness with 
& powerful and useful description of traction engine 
especially adapted for the conveyance of and mount- 
guns which now compose the siege 
this engine being 


ing the hea 


trains of the lish Government, 








one constructed by Messrs. John Fowler and Co., 
of Leeds, from the designs of Mr. J. A. C. Hay, the 
chief of the machinery establishment of the Ord- 
nance Department. 

The engine, illustrations of which we give on pages 
166 and 167, not only serves as a traction engine, 
being adapted for travelling on common roads, 

loughed or uncultivated land, but is also arranged 

or use as a locomotive upon the ordinary 4 ft. 8}in. 
gaugerailway. It is of 8 horse power nominal, and 
has a single cylinder which is supplied with steam at 
a working pressure of 150 lb. per square inch from 
a vertical (steel) boiler of the “Field” type. In 
addition to being adapted for use both as a road, 
traction, and locomotive engine, it is also provided 
with a number of special self-acting appliances, such 
as a 5-ton crane, wire rope-winding apparatus, 
bollards for working tackles, and a heavy flywheel 

ulley for driving steam machinery, all of which can 
by very simple arrangements be worked separately 
by the one engine. The whole of the gearing is of 
cast steel, and tbe main driving axle of the travelling 
wheels is fitted with a differential motion which 
enables the engine to be turned in little more than 
its own length and very readily round sharp corners. 
Motion to the gearing for working the crane chain 
and also the rope-winding apparatus and bollards is 
communicated from the engine crankshaft by means 
of bevel gear connected with a worm and worm- 
wheel, so that the load when lifted or hauled up may 
be left securely suspended at any point without the 
intervention of brakes or ratchet wheels, a matter 
of no small importance. Moreover, while each ap- 
pliance can be worked separately and distinct from 
the other, all may be thrown out of gear entirely, 
so that the crane chain and hook can be quickly 
lowered, orthe fall ends of aset of blocks may be paid 
out by means of the bollards and a load allowed to 
descend very rapidly. In addition to this the steel 
winding rope may be used from either the front or 
back end of the engine, and when the winding drum 
is disengaged and out of gear the rope can be rapidly 
uncoiled from the drum by hand, or if the loop end 
be made fast to a load, or held by hand, the wire 
rope will be uncoiled from the winding drum as 
the engine either advances or recedes. 

The driver occupies a position between the crane 
and boiler immediately over the front fore carriage, 
and has the steering wheel and engine levers all 
within his reach, the boiler is also fed from the same 
platform ; the upper portion of each side of the 
carriage and framing is constructed to form coal 
bunkers, while the lower part carries a supply of 


water. The principal dimensions of the engine are 
as follows : 
Diameter of cylinder ... eee 10 in 
Length of stroke ove * 12,, 
Diameter of boiler aad . Sft.3in 
Height of - ove 7 a ee ee 
Heating surface... ane . 122 aq. ft 
Firegrate ,, «.. eve eee ph 4.5 ,, 
Diameter of driving wheels... « 6 ft. 6in 
Weight of engine vith water, coal, &c., 
complete seo éco itde ods 12 tons 


The trials which have taken place were conducted 
by the military authorities, and the programme, a 
very interesting one, was intended, first, to ascer- 
tain what loads the engine would take over ordinary 
country roads; second, what loads could be taken 
over very soft marshy land direct by the engine and 
by means of hauling; third, what loads could be 
conveyed upon the ordinary 4 ft. 8$in. gauge rail- 
way and at what speed; fourth, for what general 
purposes the engine was adapted in addition to the 
above. In the first series a train was made up con- 
sisting exclusively of guns with their carriages, &c., 
as used on service and without any special appliances 
whatever ; in all fourteen guns weighing about 34 
tons were drawn by the engine over the country 
roads through the village and marshes at the rate 
of 4 miles per hour, The engine was then used for 
mounting and dismounting a 68-pounder gun, weigh- 
ing 95 cwt., by means of the steam crane which is 
fitted immediately in front of the steering wheels. 
The gun was lifted from off its carriage and removed 
to a distance, hanging all the while from the crane 
jib, and was remounted on another carriage without 
any difficulty, although the ground over which the 
engine travelled in this case was the well-known 
Shoeburyness sand, into which the engine wheels 
sunk deeply. An ordinary gun gyn was then placed 
over a 12-ton gun, the fall of the lifting tackle was 
passed round one of the bollards with which the 
engine is fitted at the back end, the gearing being 
set in motion the gun was quickly and er ised, 
mounted, and dismounted in an incredibly short 





space of time. The bollards were also used for 
hauling a train of guns over 10 tons in weight from 
a distance, and the steel wire rope and winding gear 
were used for landing a 38-ton gun and carriage 
from a barge, and hauling it up and over the sea- 
wall which has an incline of 1 in 16. 

In the second series of trials a 40-pounder gun, 
weighing nearly 4 tons, and coupled direct on to the 
engine, was taken across the soft marsh, which was 
in a very wet and spongy condition, and afterwards 
the engine was taken over a soft broken part of the 
marsh, where it soon sunk down until the ash-box 
and water tanks were deeply embedded. The wind- 
ing gear was then brought into operation, when the 
engine soon hauled itself out of the hole and over 
the marsh by means of its own steel rope, subse- 
quently hauling the gun over by the same means. 

For the third series of experiments the crane and 
road wheels were removed, flanged wheels substi- 
tuted, and buffers fixed to the front and back of main 
framing. ‘The engine was then placed upon the rails 
of an ordinary 4 ft. 8} in. gauge railway, and after 
drawing ordinary loads about at varying speeds, it 
was used for drawing a 38-ton gun and carriage up 
an incline of 1 in 40, which it did at a speed of four 
miles per hour. The same load was afterwards 
drawn by the engine on the level at the rate of 
eight miles per hour. 

In the fourth series of tests the engine was found 
to be well adapted for driving a circular saw, the fan 
of a smith’s portable forge, a general joiner, a set of 
pumps for raising water, &c. 

These trials conclusively prove that much may be 
done by the mechanical engineer in the way of as- 
sisting the artillerist and military engineer in future 
campaigns, not only in bringing up and mounting, 
disembarking or embarking heavy guns, &c., with 
all their appurtenances, by means of traction en- 
gines, but when this work is finished, the engine 
may be advantageously used either on the ordinary 
roads or on the railway line in bringing up to the 
camp supplies of ammunition, forage, rations, and 
other camp stores from the base of supplies, or in 
driving machines for cutting up timber, framing 
and putting the same together for siege operations, 
or huts for the troops. It may also be usefully em- 
ployed in raising water for supplying the camp or 
garrison, thus liberating the soldiers for other and 
more important duties; and there can be little 
doubt but that the general who is well furnished 
with such mechanical appliances in future wars will 
have a great advantage both as regards mobility 
and other important elements over the one whose 
pon he not so furnished. Moreover, as the engine 
can be constructed to burn wood as well as coal, there 
should not be much difficulty in most countries in 
providing the necessary fuel. 





GENERAL MORIN. 

GENERAL Morty, director of the Conservatoire des 
Arts et Metiers, died in Paris on the 7th inst. at the 
good old age of 85. He is well known to English 
students as having largely contributed from 1830 to 
1843 to the work, so successfully carried out in 
France, of establishing mechanics on a strictly 
scientific and true basis. A few words on the life 
and labours of one whose name will ever remain at- 
tached to the development of the science of me- 
chanics, will, we are convinced, be acceptable to our 
readers, Morin was prt in many ways of the 
esteem and respect ever shown him in his own 
country. He was born in Paris on the 17th of 
October, 1795 ; entered the Ecole Polytechnique in 
1813, and the following year took an active part in 
the simple and unpretending capacity of a gunner 
in the defence of Paris. He afterwards entered the 
Ecole d’Application de Metz, and in 1819 joined the 
army as lieutenant in the Artillery Corps. Although 
his promotion was not unusually rapid, he attained in 
1855 the highest rank in the French army, that of 
general of division. He was named Grand Officier 
de la Légion d’Honneur in 1858. 

General Morin had shown himself to be a good 
and brave officer in his young days, but a long period 
of military inactivity owing to a prolonged peace of 
many years, had gradually drawn him away from 
the pursuits of his youth, and led him to the con- 
quest of renown and fame in the camp of investiga- 
tion and of invention. His labours were rew 
at the death of Cariolis in 1843, whose successor he 
became at the Académie des Sciences. He was, 
therefore, member of the Institute for 37 years, 
which is by no means @ common occurrence. _ 

In 1845 Morin became professor of mechanics at 


























Fi: 














(For Descriptio 

















MR, M. AM ENDE, 5 






















































































DESIGN FOR A STEEL ARCHED BRIDGE, WITH TWO oOpgE 


ENGINEERING, Fesrvary 27, 1880. 




















) OPENINGS OF 1600 FT. SPAN, FOR THE FIRTH OF FORTH. 
ENDE, ENGINEER, LONDON. 


w Description, see Page 173.) 




































































ve 

M cd 

Fig. 7 
/ 
ye * 
SUI Ee PATON EOE OLIN LE LATIN EDAD EE EON TOAS OTs OS REASTIER hat RAO sa | 
4 = 
“ Ly 






































Frg' 2. “ He egeie Hall” Plan of Arch. ‘ , 




























































































































































































nn: ee age ) SR a te ee WM 
a. | er UF ll RE ee 


me APY ; iW, Nil see 


/ \ % 
Nad’ 4 gice* ro 5 ’ 
*>-4.. a ‘ - : Db e- < 
a- 4-== n { ~- we =f. ’ em 
a Z / / 2 
. ") 8, an 



























































: 
: 
' 
; 








Fes, 27, 1880.] 


ENGINEERING. 


173 





the Conservatoire des Arts et Metiers, and three 
years after this date was named by the Republican 
Government director of the same Institution, In 
1855 he presided over the general commission that 
organised the first French International Exhibition. 
Finally, he was elected president, for the year 1862, 
of the Paris Society of Civil Engineers, In all these 
capacities he never ceased to command sympathy 
and respect, 

Poncelet, Piobert, and Morin worked for many 
years at the same great problem already partially 
studied by their predecessor Coulomb — that of 
subjecting mechanics to methodical and scientific 
investigation. As far back as 1781 the funda- 
mental laws of friction had been discovered by 
Coulomb. Poncelet, the most illustrious of the 
three more recent workers, and the true founder of 
applied mechanics, had already prepared the ground. 
But having observed the peculiar sagacity shown by 
his young friend Morin in the interpretation of 
experimental science, Poncelet had him named, like 
himself, professor at Metz. Morin thus became his 
valuable assistant, and had ample opportunity of 
applying himself to experimental science that he 
evidently preferred to purely theoretical demonstra- 
tions. His sound knowledge of mathematics en- 
abled him, however, to accompany and complete his 
experimental results, and draw from them rules and 
laws that are still, in most cases, looked upon as 
absolutely true and correct. This experimental 
method naturally gave rise to numerous contrivances 
and inventions, so that Morin’s labours may be con- 
sidered in a twofold light; in the first place they 
gave rise to the discovery of laws that still govern 
modern mechanics, and, secondly, they led to the 
induction of numerous apparaté, often very in- 
genious, by means of which the practical results 
were obtained. 

The first technical investigation intrusted to 
Morin by the Government was as far back as 1828. 
He was directed by the Minister of War to draw 
up a report on the comparative value of the motors 
employed by Government establishments and pri- 
vate enterprise. This report was published in the 
Memorial del’ Artillerie. But it was in 1831 that his 
name asa man of science began to be established. 
For three years he followed up his Le on 
friction, developing and perfecting what had been 
simply announced by Coulomb. Our space is too 
limited to enable us even partially to describe the 
numberless experiments carried on by Morin during 
this period. It will suffice to say that his numerical 
results contributed largely to the progress of the 
general theory of mechanism, and are still daily 
consulted by mechanical engineers. 

He was next commissioned by Government, 
along with his friend Piobert, to submit to experi- 
mental investigation all phenomena connected with 
artillery firing. ‘The result was published and sub- 
mitted to the Académie des Sciences,* where the 
young searchers met with sympathy and encourage- 
ment. Their conclusions were new and interesting. 
Other experiments also establish the amount of re- 
sistance offered by liquids to the same blows. 

De Parcien, in 1754, and Smeaton, in 1759, had 
attempted, by means of imperfect and somewhat 
primitive methods, to register the power developed, 
or the performance of a hydraulic wheel. Morin, in 
1835, took to this new problem, and having con- 
siderably modified Prony’s break, adapted it to his 
requirements, and published in a detached memoir 
the result of his experiments, At a later date he 
also studied the work of turbines, and first dis- 
covered that they might be placed under water 
without disadvantage. The amount of useful data 
obtained by Morin in connexion with hydraulic 
wheels is very considerable, 

He also discovered various contrivances for mea- 
suring the pressure of steam in a cylinder at any 
period of the stroke; he modified Watt’s indicator, 
and finally consecrated much time and attention to 
the work of locomotives. The results obtained are 
to be found in his pamphlet on steam engines and 
lecomotives.+ 

Morin gave much time and attention to the study 
of vehicles, or rather to the measuring of the trac- 
tive power required to move them. He submitted 
these efforts to a great variety of experimental 
trials, which led to the invention of his dynamometre 
de rotation. ‘The first apparatus he made use of 





* “* Memoire sur la pénétration des projectiles dans divers 
milieux et sur la a des corps par le choc. 1835.’’ 

+ ‘* Note sur la théorie des machines 4 vapeur et en par- 

culier sur les machines locomotives (1838).’ 





consisted of a very simple spring dynamometer, by 
means of which the efforts of traction were duly re 
gistered. Clobert had already proposed a far from 
perfect method of measuring a given effort. 
Debroucy, in 1821, had announced that the value 
of an effort might be obtained and registered when 
transmitted to a friction apparatus. But before 
Morin, no one had found a practical method for 
calculating experimentally a tractive power without 
altering the conditions of the movement itself. By 
means of his registering dynamometer he was able 
to conclude that a tractive effort is inversely pro- 
portional to the diameter of the wheels, and that 
between it and the wear and tear of the road on 
which the vehicles move, there is a certain relation.* 
This last observation was arrived at after a great 
number of experiments which we have not space 
to record, and led to a number of valuable practical 
improvements in the construction of roads and of 
vehicles. His maindelle dynamometrique is also an 
ingenious contrivance, by which means the power 
developed by a continuous muscular effort is re- 
gistered. In 1839 the Montyon prize for mechanics 
was awarded to Morin by the Academy of Sciences 
for his ‘‘Memoire sur divers appareils chrono- 
métriques et dynamometriques.” ; 

In 1820 the pendulum method for measuring the 
explosive strength of gunpowder and the velocity 
of projectiles was applied for the first time at Wool- 
wich. Morin so modified the process (1839 to 1841), 
that although the original idea was taken from the 
experiments carried on in England, it in reality 
became a new method.¢ With the aid of his friend 
and brother officer Piobert, his experiments on gun 
firing were multiplied to an extraordinary degree, 
and contributed very considerably to establish 
Morin’s reputation as a shrewd and observing in- 
vestigator. 

Poncelet was the first to think it possible to ob- 
tain a graphical representation of the law that in a 
given phenomenon connects two variable quan- 
tities, The practical realising of the idea is, 
however, entirely due to General Morin, and 
conquered for him a scientific fame that soon after 
made him a member of the Institute. The appa- 
ratus he constructed for this purpose bears 
his name, and by its means a graphical repre- 
sentation is obtained of the progressive velocity with 
which a body falls when abandoned to the effects of 
gravity. A pencil adapted to the falling body draws 
aline on a revolving cylinder, conveniently pre- 
pared and ruled beforehand. Thus every moment 
of the fall leaves its graphical representation. The 
exact time that the body required to travel for a 
given distance, be it ever so small, or at whatever 
period of the fall, is registered, and can be read 


‘with the greatest precision, 


As soon as he was professor of the Conservatoire 
des Arts et Metiers, Morin gave much time and atten- 
tion to the organisation of this useful institution. In 
1846 he published his work on general mechanics : 
*Lecons de mécanique pratique & l’usage des 
cours de mécanique du Conservatoire des Arts et 
Metiers, des sous-officiers et ouvriers d’artillerie.”’ 
During the years that followed we find that Morin was 
far from idle. He published several memoirs on 
subjects of interest: ‘‘ Le coton poudre,” ‘‘ Le de- 
gagement d’oxyde de carbone dans les appartements 
chauffés par des poéles en fonte,” ‘‘ Le jaugeage des 
dépenses d’eau faites par de larges orifices,” ‘‘ Etudes 
sur la ventilation du grand amphitheatre du Con- 
servatoire,” &c. 

After 1852, Morin’s researches were mostly 
limited to subjects of public hygiene, and more 
especially to all problems connected with ventilation. 
How to obtain a constant temperature throughout 
the entire space of a well-filled room, above, below, 
and on all sides; how to renew the air sufficiently 
without causing draughts and inconvenience to the 
spectators at a theatre or a hall, were subjects well 
worthy of his active and inventive mind. Number- 
less experiments and a thorough sifting of the 
question led him to recommend the system of ventila- 
tion adopted at the Chitelet theatre, and more 
recently applied to the large concert room at the 
Palais du ‘Trocadéro, It was found that fresh air 
could be blown in from above and the foul air taken 
away from below without any unpleasant effects. 
All these studies are accompanied by figures as to 
the amount of air required in every case, and other 
numerical conditions relating to the subject. They 





* ‘* Memoire sur le tirage des voitures et les dégradations 
des routes.”’ ‘ 
+ ‘* Memoire sur les pendules balistiques.”’ 








also led to the invention of Morin’s anemometer, by 
which means the average speed of a current of air 
through a tube can be obtained. His numerous ob- 
servations on questions relating to ventilation are 
to be found in his two works, ‘‘Enquéte sur l’en- 
seignement professionnel” and ‘‘ Aide-memoire de 
mécanique pratique.” He afterwards published 
with M. Tresca a work on steam engines, 

General Morin lastly took an active part in the 
work of the Metre International Commission that 
met in Paris in 1870-1. It is well known how the 
requirements of this commission caused M, Sainte- 
Claire Deville to conquer the great problem of melt- 
ing platinum in comparatively speaking large 
masses, 

We have said enough to show how prominent a 
position Morin will ever hold in the history of the 
scientific development of mechanics. By largely 
contributing to the necessary task of uniting 
theoretical and experimental demonstrations, his 
memory commands the respect and gratitude of the 
engineering world. His name, not to be forgotten, 
will join the long list of his illustrious countrymen 
.who in every branch of human knowledge con- 
tributed towards the foundation of modern science, 





THE FORTH BRIDGE. 

In our article of last week upon this subject, we 
gave a calculation of the strains, the strength, and 
the weight of the arch bridge proposed by Mr. M. 
am Ende. We now add to this a calculation of the 
stability of this bridge against overturning, and 
shall then proceed with the second part of the de- 
scription, in connexion with which we this week 
publish a two-page engraving showing details of 
one arch and also the plan of erection. 

ene | against Overturning.—The stability of the 
bridgeisthe smallest whena light railway train of great 
superficial area covers the leeward roadway, where 
its weight would have no effect upon the moment of 
resistance against overturning, the fulcrum being 
assumed to lie in a vertical plane which goes through 
the centre line of the leeward roadway. 

The surface exposed to wind pressure then con- 
sists, for the piers of one arch, of the surface of the 
steel structure of the large span plus the surface of 
half the central span and a portion of the adjoining 
shore span multiplied by 4, plus the surface of four 
stone pliers. 

4 (22.5 x 1660 + 11 x 380) +10 (1660-++880)-+4 x 7500—= 
216,520 sup. ft 

The centre of gravity lies 169 ft. above the fulcrum 
Hence the moment of overturning is : 

216,520 x 169 x W=36,591,800 W =548,878 foot-tons. 

being as before 0.015 tons. 

The moment of resistance consists of the weight 


\of bridge and train multiplied by its leverage 


(60 ft.) plus so much weight of the masonry piers 

as can be conveniently brought into action by two 

cross frames, which are anchored down into the 

~ a the latter acting on a leverage of 160 ft. 
us: 


Moment of resistance= (7.5 x 1660 + 1.4 x 880) 60+-750x 
160==838,920 foot-tons. 
Hence 
mom. of resistance = 838,920_, 508 
mom. of wind pressure 518,878 — 
indicating that the assumed wind pressure of 
33.6 lb. should be multiplied with 1.528. 

At the same time it should be mentioned on the 
one hand, that the surface is taken very full, and on 
the other that the wind pressure will not be so great 
on the second, third, rot fourth surfaces, as on the 
first, lying, as these do, one behind the other, but that 
the decrease will be at the ratio of about 1 to 8, which 
is the proportion of the surface, as seen in the eleva- 
tion to the gross surface marked by the outline of the 
structure. The aggregate of the wind pressure on 
the four surfaces is therefore only : 

( 1+2 eee) W383 w, 
8 8 8x8x8J7 4 4 
and the total moment is therefore reduced to 


one 4+37,320=459,353 foot-tons. 


Accordingly the wind which would over- 
turn the structure is Ww being 33.6 lb.) 

838,920 yo _ F 

450353 W=61.3 lb. per superficial foot. 


Making this calculation in the usual way with 
a single surface, the moment of the wind pressure 
would only be 10,743,410 Wj; hence the wind 
pressure which would overturn the structure 
would be: 
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838,920 _ tons=0.0781 tons=175 Ibs. 
10,743,410 
II. Description OF DETAILS. 

In a project such as the one before us, it would be 
superfluous to describe the details in the manner 
generally adopted for structures which have been 
carried out. The accurate calculation which pre- 
cedes and goes hand-in-hand with the production of 
the working drawings, would no doubt necessitate 
many modifications. But some general principles 
for the design of the details can here be stated. 

1. The sectional area of parts in compression, as 
well as those in tension, is determined by adding to 
the net area the area occupied by rivet holes. — 

2. All connexions are made by means of rivets, 
and therefore hinged connexions are avoided as 
much as possible, At the connexions the sectional 
area of the rivets is sufficient to transmit the whole 
strain, compressive as well as tensile. 

3. Struts are calculated according to Gordon's 
formula, but if Weyrauch’s formula (as stated 
in our article of last week) gives greater sectional 
areas, the former is not applied. 

4. All primary parts, such as the flanges and the, 
bracing bars of the arch, the flanges and the brac- 
ing bars of the bracing girder, the suspension bars 
and the bars constituting the wind bracing, are 
constructed of box shape. In Figs. 5 and 6 the 
cross sections of some of these parts are illustrated, 
the letters referring to Figs. 1 and 2. Most of the 
secondary and tertiary parts which constitute the 
bracing between the four edges of the box-shaped 
parts are simple rolled bars, i.c., CU —, LU, or flat bars 
of suitable dimensions. 

5. Except at the connexions, and in some parts of 
the platform, no plates are used in the structure. 
The interior of the parts is therefore not in dark- 
ness, but open to minute inspection throughout the 
whole structure, as well as accessible to the paint- 
brush. 

6. Careful painting being an all-important factor 
in the preservation of a structure of iron or steel, 
provision is made for the effectual performance of 
this service by means of a carriage rolling along the 
top flange of the arch, from which adjustable stages 
are suspended. A carriage would also roll upon the 
inside of the bottom flange of the arch for the paint- 
ing of that part of the structure. 

The lower of the arch, to about 50 ft. above 
springing, being exposed to the action of salt water, 
should be specially protected either by constructing 
it of a different material, forexample, stone, or other- 
wise. 

III. Process or Erection. 

In the erection of a structure of such gigantic 
dimensions as here described, it is of the utmost im- 
portance that success should not be dependent on 
good fortune, such as calm weather or swift progress 
of the work. It was, therefore, incumbent on the 
designer to devise on the one hand astructure which 
in its incomplete condition offers together with its 
tem supports a stability not inferior to that 
of the finished structure, and on the other hand a 
mode of erection which is simple and which might 
be interrupted without danger at any time. 

The erection of the two arches is undertaken 
simultaneously and is divided into three stages. 
Figs. 7, 8, and 9 show the first stage in full lines, 
the second in dotted lines, and the third in dot 
and dash lines. These three stages lead up to the 
closing of the arches, after which there can be no 
doubt as to the successful completion of the whole. 

For the completion of the first stage hardly any 
staging or auxiliary parts are required. The central 
arch is erected by connecting its bracing girder over 
the piers with such parts of the springing of the ad- 
joining main arches as may be required to balance 
its projecting weight until the meeting of its two 
halves is effected ; ¢ e is made a working platform, and 
the erection of the springing at 2) is accomplished 
with the assistance of the bracing girder. The parts 
are one by one lowered into their position by means 
of derricks. Meanwhile the two continuous girders 
ec nearer the shores have been launched into a hori- 
zontal position, and rest in their centres upon 
pivots turned down as shown on the diagram, 
their down ends being secured to the masonry 
of the abutments. A platform, at the same time 
forming a tie, e'e' is placed between the pivot 
and the top flange of the bracing girder of the main 
arch, and made to rest by means of columns on the 


turned down girder. The erection of the springing 


of the main arches 4! 5' can now be proceeded with. 





This completes the first stage. 





The second stage deals with the erection of a 
section of the bracing girder of the main arch which 
consists of four panels 67 ft. long each, the upper 
flanges of the main arch and part of the lower 
flanges being now omitted, as they would be an un- 
necessary burden of dead weight. During this 

rocess some staging is required. Upon each of the 
our masonry abutments verticals // are erected and 
anchored down to the masonry, and it is part of the 
scheme that these should be on of the final 
structure, which can temporarily be spared, as for 
example the platform girders. Diagonal struts 
m m and horizontal girders complete the frames which 
are shown in Fig. 9 in elevation; next, the two 
central frames are connected and braced together in 
the manner shown in Fig. 7, while the two frames 
nearer the shore are held in position by guy-ropes. 
Uprights ff are also erected at suitable distances 






































from each other, and they are made of the suspension 
bars (or posts) for the platform which can then be 
spared. ‘They are intended to hold laterally in 
position the wire ropes Ah andoo. Their width is 
20 ft., and if properly connected with the structure 
at the platform ee would have in themselves suffi- 
cient lateral strength ; longitudinally they are held in 
position by guy-ropes g g. The working platform 
ee is extended forward and transferred from the top 
flange to the bottom flange of the arch. The derricks 
take position at the extreme point. Each fresh 
panel when completed is taken hold of by wire ropes, 
which pass through the posts // and over the frames 
7m, meeting in the centre at i and to the right and 
left at ii! and i i". At these points are adjusting 
screws, each rope having attached to it an adjusting 
screw not larger than can be conveniently worked 











by hand. Ati’ i" other wire ropes p p are attached, 
by means of which an anchorage with the masonry 
piers at those points is effected. 

Arrived at the end of the second stage of erection 
there is still in each arch a gap of 536ft. The 
process described above might now be continued 
with sufficient safety, as the stability against wind 

ressure of the structure at this stage is scarcely 
inferior to what it will be when completed ; but to 
render success beyoud doubt, a new element is now 
introduced in the shape of two horizontal wire ropes 
kk. There are two sets of these ropes, one for each 
of the two bridges, 120 ft. apart. They are fixed to 
the extreme points of the arches, where a temporary 
strut 2 is placed between them. ‘They then cross 
each other on each side, and are fixed to the frames 
/ m, a8 shown in plan, by means of adjusting screws. 
Being of steel they can be tightened up, so as to 
have a deflection of only 5 ft. in the gap of 536 ft. 
In consequence of this arrangement, the wind pres- 
sure upon the arches is transmitted to the frames / m, 
and their resistance against overturning may be re- 
gulated according to requirement. It is calculated 
that by means of these horizontal ropes the projecting 
ends of the arches would be held so steadily that 
the third stage of erection could be accomplished 
witi: as much security as the other two stages. In the 
closing of the arch a difficulty has still to be over- 
come, which arises out of the changes of temperature ; 
but if the arches, or rather the bracing girders, are 
erected at a slightly higher elevation than they 
would assume after their closing, and if this eleva- 
tion is throughout the operation watched by levelling 
instruments, together with observations of the tem- 
perature of the air, it will be possible, not only to 
putin the keystone piece of the arch, but also to 
adjust it so, that when left to itself the arch will 
receive its horizontal strain in that position, which 
is made the basis of the calculation. 


IV. GENERAL REMARKS. 


If the design described in this article appears to 
be put forward as the best solution of the problem 
of throwing a bridge across the Firth of Forth, this 
should not be accepted without qualification. The 
results of careful soundings of the river bed, together 
with investigations as to whether or not founda- 
tions may be made with advantage at a greater 
depth than engineering practice has dealt with 
hitherto, or, at least, whether or not the assumed 
positions of the piers may be altered with a view of 
shortening the spans, would pcssibly lead to modi- 
fication of the design here proposed. The object of 
the present articles is merely to] compare the 
merits of an arch bridge with those of a suspension 
bridge of given general dimensions for a given 
locality, or rather to show that the advantages are 
without exception on the side of an arch bridge. 

The points of comparison are: 1. Rigidity under 
the moving load. 2. Rigidity and stability under 
wind pressure, 3. Safety during erection. 4. Height 
of structure. 5. Economy. 6. Duration. 

1. Rigidity under the Moving Load.—A moderate, 
and, it may be said, sufficient rigidity under the 
moving load can be accomplished in a suspension 
bridge with a curved chain if the horizontal girder 
is made of sufficient strength and of the shape most 
suitable for the purpose, but, as already stated, the 
only two absolutely fixed points in a suspension 
bridge, viz., the anchorages of the chains, lie far 
beyond the span of the bridge. In an arch, even if 
it were hinged at the springing, the two fixed points 
would be in the hinges, but if it has a flat base as 
in the present case, the fixed points lie virtually 
even within the span of the bridge. The bracing 
of the arch can be effected by a structure which is 
firmly attached to it instead of being suspended 
from it. 

2. Rigidity and Stability under Wind Pressure.— 
The girder which is intended to brace the flexible 
suspension structure can only partially moderate 
the oscillating effect of the wind pressure upon 
it; the corresponding effect upon the arch would 
hardly be perceptible. The stability of the struc- 
ture against overturning from wind pressure 18 
simply a question of ratio between the moment of 
the wind pressure and the moment of the weight 
of the structure, consequently it is a question of 
ratio between height of centre of surface exposed 
to wind and base, It can, therefore, not be a 
matter of doubt that widening the base must have 
the same effect as, or a better effect than, reducing 
the height. A suspension bridge of the proposed 
height of 150 ft. above high water can certainly be 
made of sufficient stability by making the base 
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DETAILS OF COMPOUND BLOWING ENGINE. 


CONSTRUCTED BY THE MARKISCHE MASCHINENBAU ANSTALT, ENGINEERS, WETTER-ON-THE-RUHR, WESTPHALIA. 


Fig.3. 


broad enough, and as there is no limit to this for all 
practical purposes, the reduction of height, if such 
were intended, would be a short-sighted measure. 
With regard to the arch the position of the road- 
way is of much less consequence. 

3. Safely during Erection —This point has been 
discussed both with regard to the suspension bridge 
and to the arch bridge. 

4. Height of Structure—The extreme height of a 
suspension bridge, the curved chain of which deflects 
to a point 150 ft, above high-water mark, must 
obviously be 150 ft. greater than that of an arch 
bridge of the same proportions which springs af 
high-water mark. 

5. Economy.—Assuming—as approximately is the 
case—that each span of the suspension bridge con- 
sists of a parabolic chain with a deflection of 1 
in 4, two towers and two anchorage chains, inclined 
under an angle of 45 degrees, the theoretical volume 
of these parts from the platform upwards will be : 


3 
Parabolic chain oer ae sh) 


8 8h" 3 
Towers Bi+M ~ 
8 2 
2 
Anchorage chains 3,+e . 
Total B\+M 5 12 
s 3 


where B, would be the dead weight per lineal foot 
to be supported by the curved chain between the 
towers and M the moving load=2.5 tons. 

The theoretical volume of the arch will be: 

BeM (P22 B+M2 
where B=7.5 tons as stated before. 

Supposing both bridges constructed according to 
the same coefficients of strength, B, (for the suspen- 
sion bridge) cannot be taken at less than 6 tons. 
The above theoretical volumes are then 


85 5), 142, 
8 3 8 
and 
10 2.. 66 
P ear a 
respectively. 


From the statement of weights per foot lineal of 
the arch bridge it follows that the weight of parts, 
other than the arch, is 4.168 tons per foot lineal ; 
the corresponding item for the part of the suspen- 
sion bridge which is between the towers being at 
at least 2.9 tons. If these figures are reduced to 
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theoretical volumes and added to the quantities 
above, we have 

6.6 j— 20.8 yo, 

8 8s 

6655 98 S30, 

8 8 & 

The volume of the suspension bridge has still to 
be increased by the volume of all braciog between 
the tower and the anchorage chains, as well as by 
the volume of parts below the platform. If this 
item is put down at least at 4.4/? the proportion of 
volumes will be as 252 to 162. 

If then the weight of the two arches is according 
to previous statements about 7 x 3280=%2,960 tons, 
the suspension bridge may be expected to contain 
at least 35,490 tons, supposing it to be constructed 
on the same principles of strength as the arch bridge. 
It should however be mentioned that the quantity 
of masonry required would be somewhat larger in 
the arch bridge than in the suspension bridge. 

6. Duration.—Although structures, the principal 
carrying parts of which have a tensile strain, such 
as suspension bridges or girder bridges, are con- 
structed in great number, so that we are now quite 
accustomed to trust in their safety, most of these 
structures are not yet old. When the time comes— 
and it has come in some cases—where uncertainty 
arises as to the condition of parts of the structure, 
which could not be looked after and painted so 
carefully as is desirable, or which may contain flaws 
or other local defects difficult to detect, our confi- 
dence will begin to be weakened, especially with 
regard to parts in tension. Parts purely in com. 
presssion will naturally be looked to with much 
greater confidence, for it cannot be imagined that a 
well-designed structure will break down without 
warning from defects in compressed parts unless 
such defects are plainly apparent. For this reason 
arch structures should be preferred to girders or 
suspension structures whenever the locality permits 
of their being executed, 

From the information which we possess with re- 
gard to the Firth of Forth, the form of the river bed 
is eminently suited for the erection of an arch bridge, 
and as we cannot suppose that a fair trial was not 
given to the arch as well as to the continuous girder, 
we are bound to ascribe either to caprice or to an 
undue admiration for some prominent structures of 
recent times the cause which led to the conception 
of a suspension bridge for the Firth of Forth. 


For the suspension bridge 143 12+ 
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» arch ” 





Tron 1n Francz.—The Creusét Works have advanced 
the price of rolled iron in France 11. 12s. per ton since 
January 1. 





COMPOUND BLOWING ENGINE. 

On page 170 we illustrate this week a compound con- 
densing blowing engine, designed by Mr. Alfred 
Trappen, chief engineer to the Mirkische Maschinenbau 
Anstalt (formerly Kamp and Co.), of Wetter-on-the-Ruhr. 
The engine is of a type of which this firm has of late years 
built a considerable number, one being at present in 
course of erection at the Reschitza Works of the K. K. 
Austrian State Railway. As will be seen from our 
engravings, Mr. Trappen has adopted the horn-beam 
type with the object of obtaining an engine, all parts 
of which should be easy to get at for inspection and 
repairs, even while the engine isrunning, and by suitable 
proportions and good workmanship, a very trustworthy, 
quiet-going, and economical engine is thus produced. 
The principal dimensions of the engine which we illus- 
trate on page 170 are: 


High-pressure cylinder {diameter ... 


stroke 
Low-pressure cylinder ve us 
diameter 


Doon IOS 
noo 
o> ed 


Blowing cylinder sizoke 


The flywheel is 24 ft. 84 in. in diameter, and 30 eae in 
weight, and the engine works at 13 revolutions per mi- 
nute, and with a steam pressure of 50 1b. compresses the 
air to 5.7 lb. 

Figs. 3, 4, and 5, above, show sections and ele- 
vations of the high and low-pressure cylinders, from 
which it will be seen that the distribution of steam to 
both the steam cylinders is effected by one balanced 
slide valve only, this being fitted to the high-pressure 
cylinder. In addition, however, the low-pressure cy- 
linder is fitted with hand-worked starting valves, by 
means of which steam can be admitted either above or 
below the piston in the low-pressure cylinder. Both 
these starting valves, however, close as soon as the lever 
is allowed to drop into its vertical position. These 
starting valves are the more necessary, as at the com- 
mencement of the stroke in the high-pressure cylinder 
there is no available vacuum, ‘and the area of the small 
cylinder is not sufficient to start the engine. 

The main valve cuts off at 0.7 of the stroke in 
the small cylinder, making a total expansion of 
1:5. The arrangement of ports involves, as will be 
seen from our engraving, the exposure of a somewhat 
large radiating surface. The cylinders are not steam- 
jacketted. The air pump is stationed below the engine- 
room floor in a pit, and worked by a rod from the beam. 

It will be seen from our engraving, Fig. 1, that the 
beam is built up of angle iron and plate, all the butt 
joints being planed, and the butt strips rivetted up with 
three rows of rivets. The driving pins for the three 
cylinders and air pumps aro all in the centre lino of the 
beam, and the centre beaming is firmly connected to the 
beam plates by conical bolts. For the support of the 
main centre a very strong brick pier has been built up, 
and the beaming firmly staged to both sides by iron 
girders to insure perfect rigidity. To obviate wear and 
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tear the piston-rods are fitted with large guide blocks in- 
stead of being guided by parallel motion, and all bearing 
surfaces are of such dimensions as to insure great dura- 
bility. 

The packing of the blowing piston, as well as the inlet 
and outlet air valves, are made of felt, mounted on leather, 
and the valves have no iron backing. Of this mode of 

cking we gave a detail engraving when describing a 
err. Bh blowing engine by the same firm in vol. xxvi., 
page 28. As in the arrangement then shown, the inlet 
and outlet valves of the engine now illustrated are fitted 
to the end covers, and the delivery pipe carried below 
the floor-plate of the engine is well out of the way. Al- 
together this engine constitutes a very good example of 
the type it represents. 








THE LATE MR. JOHN RICHARDS, 

Ir is with deep regret that we announce the death 
of Mr. John Richards, whose name is so familiar from 
the position he occupied as a mechanical engineer, 
and from his numerous writings, many of which have 
appeared in our columns. Mr. Richards was born at 
Beaver Falls, Pennsylvania, in December, 1834, but when 
very young he was removed with his family to the 
southern part of Ohio. He very early developed a taste 
for mechanical pursuits, and found employment in a local 
manufactory in general millwright ok, erecting engines, 
&c. He also learned the trade of cabinet-making, and 
started a factory for making chairs by machinery. His 
first connexion, however, with manufacturing industry 
on a large scale was with the Ohio Tool Company, at 
Columbus, Ohio, who undertook the production of wooden 
bench screws, for which he held a patent. Mr. Richards 
afterwards became manager of these extensive works, and 
in this capacity he remodelled the system of grinding 
and forging plane irons, and he also erected a complete 
plant of machines for the various operations for producing 
wooden plane stocks. This work served to direct his 
attention specially to wood-working machinery, and in 1863 
he became connected with Messrs. J. A. Fay and Co., of 
Cincinnati, a firm which at that time had fallen far 
behind the standard of American practice. Mr. Richards 
entirely revolutionised their works, and raised them to 
quite a high position ; while there he secured about thirty 
different patents. In 1869 he came to England with the 
intention of inquiring into the question of standard 
gauges, with which he had interested himself for several 
years, and on his return he started the manufacture of 
wood-working machinery in Philadelphia, with the 
special object of turning out heavy tools adopted by rail- 
way carriage works. Immediate success attended this 
effort, and the fact that his plans have been adopted by 
most other makers in the United States and England, is 
the best indication of the value of his work. After the 
establishment of this factory Mr. Richards passed most 
of his time in England, and besides founding a busi- 
ness in Manchester, he devoted a great part of his 
time to writing, and produced several works on machines 
and processes of high value, some of which have appeared 
in our columns. Towards the close of January last Mr. 
Richards oa a visit to Dublin, and started on his re- 
turn on the 23rd of that month, but although he had 
been seen to come on board the boat, he was missing on 
its arrival at Holyhead, and the supposition that he had 
fallen overboard during the passage, or from the quay 
before the vessel started, has been reluctantly accepted 
as a fact by his relatives. 

None who knew Mr. Richards could fail to appreciate 
and admire his talent as an engineer ; he possessed great 
powers of observation and of reasoning, which gave a 
special value to his writings ; and by his numerous circle 
of friends he will be deeply regretted and long remem- 
bered for his many sterling qualities. 








SHIPBUILDING AT DUNDEE. 

Tue new shipping launched from the shipbuilding 
yards at Dundee during the year 1879 amounted to 
12,384 tons, as compared with 11,121 tons launched in 
the preceding year—the number of vessels being twelve 
in 1878 and fourteen in 1879. Going back to 1871 we 
find that there were eleven vessels ofa total of 9400 tons 
launched, and that in the following year there was a ma- 
terial increase, there being thirteen vessels launched of a 
total of 13,049 tons, an amount which has since been twice 
exceeded, namely, in 1875 and 1876, when the total was 
14,998 tons and 15,356 tons respectively. A year ago 
there were on hand eleven vessels of a total of 9980 tons, 
but the present year opened with twe' ve vessels in hand of 
a total of 11,423 tons, thus showing that the important 
port on Tayside is participating in the revival which has 
become very general in the shipbuilding industry of the 
United Kingdom. 

Of the fourteen vessels launched last year at Dundee 
no fewer than seven of them were built by Messrs. 
Gourlay Brothers and Co., the total tonnage being 
6489 tons. Those vessels were iron screw steamers 
ranging from 362 tons gross up to 1531 tons; and they 
were built for owners in Dundee, Liverpool, London, 
Hamburg, and Sydney, New South Wales. Mr. W. B. 
Thompson turned out five vessels, all steamers, one of 
them —_ the Vasco de Gama, 1600 tons and 250 horse 
power nominal, for a London firm. Messrs. Alexander 





Stephen and Sons launched only two vessels, both iron 
barques of 1260 tons each, one for a Paris firm and the 
other for a Liverpool firm. The Tay Shipbuilding Com- 
pany did not launch any new vessel during the past 
year. 

It will afford some notion of the excellent prospects 
which Dundee shipowning firms entertain regarding the 
shipping trade of the immediate future when we men- 
tion that out of seven vessels which Messrs. Gourlay 
Brothers and Co. have at present in hand no fewer than 
six of them are steamers for Dundee owners, one of them 
being a vessel of 1990 tons gross. Another of them is a 
steel steamer of 1600 tons gross, for the “ Loch” line 
of steamers commenced fully two years ago under the 
enterprising management of Messrs. Ireland, Leitch, and 
Co., Dundee. The progress of steel shipbuilding on the 
Clyde and elsewhere has for some time back been 
watched by the shipowners and shipbuilders in the 
Dundee district with very keen interest; and in the 
case of the owners of the “ Loch” line the advantages 
of using steel as the material of construction were se 
patent that they had no hesitation in being the first to 
show the way in the introduction of that material on the 
east coast of Scotland. The competition for the build- 
ing of the steamer was unusually keen, and the tenders, 
including some from the Clyde and the Forth, were re- 
markably close in amount. This new vessel is to be 
built entirely of Siemens-Martin steel; and the boilers, 
crankshaft, masts, &c., are to be of the same material. 
She will have engines of 180 horse power nominal, and her 
dimensions will be: Length, 250 ft.; breadth, 34 ft. ; 
and depth of hold, 23 ft. 8 in. She is to be constructed 
on the double bottom bracket system for water ballast, 
and will have steam steering gear and other appliances 
of the most modern type. Her gross tonnage, as already 
mentioned, will be 1600 tons, and it is calculated that 
she will carry 2600 tons dead weight. She is intended 
for employment in the Mediterranean, Baltic, and 
American trades, and is expected to be ready for sea 
about August next. 

During the past year Messrs. Gourlay Brothers and 
Co., Dundee Foundry, finished eight pairs of com- 
pound marine engines of 865 nominal horse power 
collectively, and the same firm have on hand seven pairs 
of engines of an aggregate of 835 horse power. Mr. W. 
B. Thompson, Tay Foundry, turned out eleven pairs of 
engines last year of a total of 970 horse power nominal ; 
and he has in hand four pairs of engines of 430 horse 
power collectively. At the Lilybank Foundry (Messrs. 
Pearce Brothers) there are in progress a pair of com- 
pound engines for the whaling steamer Resolute, wood 
built, now ia course of construction by Messrs. Alexander 
Stephen and Sons. Both in shipbuilding and marine en- 
gineering the Dundee firms have much reason to feel 
gratified with their actual position, as also with their 
prospects. The enterprise of the merchants and ship- 
owners of the town, seconded by the skill and business 
capacity of the shipbuilding and engineerieg firms, bids 
fair to make Dundee a sturdy competitor of some of the 
shipbuilding ports on the north-east coast of England, so 
far as the production of cargo-carrying steamers is con- 
cerned. No doubt, Dundee is situated at a greater 
distance from the works where shipbuilding iron is pro- 
duced than are the other ports referred to, and hence it 
may seem to be to some extent handicapped in the race ; 
but if it does not succeed it will certainly not be owing 
to any want of effort on the part of those engaging in 
the race. 








ASPHALT AND MINERAL BITUMEN. 


Ar the meeting of the Institution of Civil Engineers 
held on Tuesday, the 24th of February, Mr. Brunlees, 
Vice-President, in the chair, the paper read was ‘‘ On the 
use of Asphalt and Mineral Bitumen in Engineering 
Works,”’ by Mr. W. H. Delano, Assoc. Inst. C.E. — 

Adopting the nomenclature of M. Léon Malo, which had 
received general sanction, the author considered asphalt as 
a combination of carbonate of lime and mineral bitumen 
produced by natural agency. Asphaltic mastic was the 
rock ground to powder, and mixed with a certain propor- 
tion of bitumen. Gritted asphalt mastic was asphalt mastic 
to which clean sharp sand Sad been added. Asphaltic or 
bituminous concrete was gritted asphalt mastic mixed when 
hot with dry flint or other stone. Boussingault’s analysis 
of bitumen gave C 85, H12, O3. It was, therefore, an 
oxygenated hydro-carburet, and quite distinct from the 
preparations of gas tar and pitch, which were sometimes 
erroneously styled bitumens and asphalts. It was im- 
portant that Gheve distinctions should be borne in mind 
when specifying asphalt, as their disregard might lead to the 
employment of a material having few of the properties of 
the natural rock, although bearing, to the uninitiated, a 
strong resemblance thereto. Messrs. Hervé-Mangon and 
Durand-Claye, of the Ecole des Ponts et Chaussées, Paris, 
had comniel the author with detailed analyses of different 
kinds of natural asphalts, which were given in the paper, 
and specimens were exhibited. But beyond knowing the 
numerical value of propo ionate —o. it be 

ighly necessary that the engineer sho acquaint 
wih Their quality. Asphalts which gave almost identical 
might in practice yield widely different results, if 
the nature of the individual components was dissimilar. 
Powdered limestone should be white, and soft to the touch ; 
if rough, it probably contained iron pyrites, silicates, 
crystals, fe. The presence of these substances was pre- 











judicial, and if suspected, the limestone should be subjected 
to a secon: analysis, directions for which were given. 


ane eee of bitumen to limestone in the natural 
_ t should not exceed 10 per cent. for carriage ways, 

eed less than that was preferable. For this latter 
purpose no asphult should be specified which had not stood 
the test of, at least, three hot summers and three cold 
winters. These precautions being taken, the author was 
of opinion that a well-laid surface of compressed asphalt, 
2 in. to 2g in. thick, on a foundation of Portland cement 
concrete, 6 in. to 9in. thick, was superior to all other 
ouarees. It was noiseless ; hygienic, being impervious 
to urine and the liquids from dung; absor vibration ; 
produced neither dust nor mud ; was cheap, durable, and 
easily repaired, and the old materials could be used again. 
The charge of slipperiness, which had been made against 
asphalt roadways in London, was not due to the material, 
but to the absence of at teeny for proper scavenging. In 
Paris, where the as t was pomnd v= agate washed, 
and swept, the complaint did not arise. In support of the 
assertion that climate did not affect the asphalt in London, 
a table of humidity was given, showing the means of six 
= (1873-8) observations to be—for Paris, 80.2; for 

mdon, 81.5. The cost of washing the roadways, when 
done systematically and on a large scale, was much less 
than was generally ee, and the advantages far more 
than counterbalanced the expense. The author submitted 
a design for a portable washing and sweeping machine for 
use in London. Reference was made to the cost of com- 
pressed asphalt carriage ways. In Paris this amounted, 
on the average, to about 13s. per square yard on lime con- 
crete 4in. thick, but a thickness of 6in. to9 in. of Portland 
cement concrete was much preferable. The cost of trans- 
port of the material also exercised an important influence 
on the ultimate expense. Details were given of various 
works of asphalt paving carried out by the author, with 
particulars of the cost of maintenance. 

The quality of absorbing vibration, which was a marked 
characteristic of asphaltroadways, had been taken advantage 
of in the application of the material for the foundations of 
machinery running at high speeds. This was instanced in 
the case of a Carr’s disintegrator, which, being mounted 
in a pit lined with bituminous concrete, was worked at 
500 revolutions per minute, without sensible tremor, 
whereas, with the former wooden mountings on an ordinary 
concrete base, the vibration was excessive, and extended 
over a radius of 25 yards. In the Paris Exhibition of 1878, 
there was shown a block of bituminous concrete, weighing 
45 tons, forming the foundation of a Carr’s disintegrator 
used as a flour mill, and making 1400 revolutions a minute, 
a speed which would have been impracticable on an ordinary 
foundation. Extensive applications of the material for this 
purpose obtained in France, especially in connexion with 
steam engines and steam hammers. 

Another use of asphalt was for the flooring of powder 
magazines, where its non-spark emitting character made it 
particularly valuable. It was also largely applied in France, 
in the form’of gritted mastic, for the flooring of casemates 
in fortifications, and in its pure liquid form, for the coating 
of vaults and arches, where it protected the masonry from 
damp, and the subsequent disintegration caused by infiltra- 
tion and by frost. 

In conclusion, the author referred to the imitation 
asphalts occasionally brought forward, and by some re- 
garded with favour on the score of cheapness. ‘The best of 
these, if properly made, was as dear as the natural material, 
without in any degree ssing its special qualities of 
appearance and durability; and in no case were any of 
them suited as paving materials to resist heavy traffic. In 
Paris, the tricks of irresponsible paving contractors were 
many, and necessitated constant vigilance. Inferior cement 
was put into casks bearing established brands, and the 
concrete made with such cement was put down in thinner 
layers than was paid for. The author had even known 
eases where the concrete was omitted altogether, a layer of 
common mortar taking its place. Such foundations would 
insure the failure of the best asphalt, which ought to be 
considered only as a wéaring surface or armour to the 
concrete. But the mode most difficult of detection was the 
ostentatious display, at the site of the works, of cakes of 
the particular asphalt specified, while an inferior material 
was in the boilers. Once laid, wear alone would reveal 
what had taker place. From these malpractices asphalt 
had occasionally suffered unmerited condemnation, but 
the author claimed that with bond materials and work- 
manship, satisfactory results could always be obtained. 
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(Continued a 125.) F 

A THEORY, to be valid and true, must agree with 
every observed fact; it must not conflict with natural 
laws; it must suggest new experience, and it should lead 
to further developments. A theory is absurd if it supposes 
an agent to act in a manner unknown in all other cases. 
The fiuid theories of electricity are merely descriptive, they 
do not with every observed fact ; they have never 
prompted the invention of a single new experiment, or led 
to any development. They suppose an agent unknown in 
other cases and opposed to natural laws. Incomplete 
theories die a natural death, thus Descartes’ vortices, 
Newton’s corpuscular theory of light, the fluid theory of 
heat, Stahl’s phlogiston, Natare abhorring a vacuum, have 
all disappeared, while complete theories, such as that of 
gravity, the laws of motion, the conservation of energy, 
the on eeany | theory of light, not only remain, but 
suggest new fields of inquiry, open out fresh pastures, 
carry truth and conviction with them, and have led to the 
most wonderful predictions. The fluid theories of electri- 
city are inly incomplete, and they deserve & y 
interment. We have to assume the existence of two sub- 
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of opposite qualities which mutually annihilate 
“an a ccubieatien—o self-evident absurdity, for 
the conception of matter involves indestructibility. Franklin 
imagined his one fiuid to be an element of glass ; remove 
electricity, and glass would lose its virtues and pro- 
rties, and thus glass was to give out its electricity 
or ever and a day, without loss of weight or sensible 
diminution. It was to be devoid of dimensions, inertia, 
weight, and elasticity, and is therefore outside the pale of 
our definition. 

Electricity is therefore not a form of matter. Hence, 
according to our reasoning, it must be a form of force. 

But can we not prove that it isa form of force? Cer- 
tainly. : 

Let us first argue from anal We know that sound, 
heat, and light are modes of motion, in what respects does 
electricity agree with these forms of force? 

The fundamental law of electrostatics is that two bodies 
charged with opposite electricities attract each other with 
a force dependent on the square of the distance separating 
them. Whatever influence or power spreads from a point 
and expands uniformly through ogee varies in intensity as 
the square of the distance for the area over which it is 
spread increases as the square of the ius. This is 
the case with gravity, light, sound, and heat, which are 
known forms of force. It is also the case with electricity 
and magnetism, which ought therefore to be similar forms 
of force. 

If we regard the velocity of transmission of certain 
electrical disturbances through space, we have every 
reason to believe that it is the same as that of radiant heat 
andlight. In 1859 two observers in different parts of the 
country (Messrs. Carrington and Hodgson) saw simul- 
taneously a bright spot break ont on the face of the sun, 
whose duration was only five minutes. Exactly at this 
time the magnetic needles at Kew were jerked, and the 
telegraph wires all over the world were disturbed. Tele- 
graphists were shocked, and an apparatus in Norway was 
set on fire. Auroras followed, and all the effects of 
powerful magnetic storms. Moreover, the periods of sun 
spots, earth currents, and magnetic storms follow the same 
cycle of about eleven years. Dr. Hopkinson has shown 
that this electric disturbance through space is as mechanical 
as its action through short distances, and is therefore 
identical with the ordinary strains of elastic matter subject 
to distortion by mechanical force. But Clerk-Maxwell has 
gone beyond this, and has shown that the velocity of light 
is identical with that of the propagation of electrical dis- 
turbances through space as well as through air and other 
transparent media. Hence, as light is admitted to bea 
mode of motion identical with radiant heat, electricity 
must be of the same category. 

There is such a remarkable analogy between the con- 
ductivity of the different metals for heat and for electricity 
—indeed, there is every reason to believe that if the metals 
were pure, the order and ratio of conductivity would be 
identical—that it is impossible to resist the conclusion 
that the mode of transmission in each case is the same. Mr. 
Chandler Roberts, who, using Professor Hughes’s beautiful 
induction balance, showed, by experiments on a compre- 
hensive series of alloys, that the curves indicating the in- 
duction balance effect closely resemble their curves of elec- 
trical resistance. He was also able to demonstrate that the 
induction balance curve of the copper-tin alloys is almost 
identical with the curve of the conductivity of heat—a con- 
clusion of much interest ; and he pointed out that we might 
look with confidence to being able to ascertain, by the aid 
of the induction balance, whether the relation between the 
conductivity of heat and electricity is really as simple as it 
has hitherto been supposed to be. Moreover, when a wire 
conveys a current of electricity it is warmed, as the 
strength of current is increased it is heated and eventually 
rendered incandescent. The ultimate form which ev 
electric current takes is heat. The wireof every telegrap 
is warmed in proportion to the currents it transmits. 
Joule showed that when this heat is produced by a current 
generated in a battery by chemical force, its amount is 
exactly equivalent to that which would have been evolved by 
the direct combination of the atoms. The conducting 
power of all bodies is affected by heat, and some 
even, like selenium, by light. Hence, as we know 
that in the case of heat and light conduction in molecular 
vibration, we reasonably conclude that it is the same with 
electricity. In fact, it is impossible to account for these 
phenomena except on the assumption of the motion of the 
molecules. 

The magnificent researches of Dr. Warren dela Rue and 
Dr. Hugo Miiller on the electric discharge with the 11,000 
cells of chloride of silver battery that the former philosopher 
has provided himself with in his celebrated laboratory, 
have shown indisputably that the discharge in air or in 
gases under various pressures is a function of the molecules 
filling the space through which the discharge occurs. In 
fact, the resistance of the discharge between parallel flat 
surfaces is as the number of molecules intervening between 
them ; and they show that during electrical discharge in a 
gas there is a sudden and considerable pressure produced by 
& projection of the molecules against the sides of the con- 
taining vessel distinct from that caused by heat, and un- 
questionably due to the molecular action of electrification. 
The long-continued and patient researches which these 
eminent physicists are carrying out prove ond doubt 
that electrical discharge is simply molecular disturbance. 
In reality, the fact that no discharge occurs through a 
perfect vacuum is a crucial proof of the molecular theory. 

Some recent very remarkable researches of M. Planté 
with his rheostatic machine* have shown that fine wires 
conveying powerful currents are wrinkled up into well- 
defined regular nodes, that these effects are accompanied by 
& peculiar crackling, and that the wire itself becomes 
brittle, giving ‘clear indication of the vibratory motion of 


the molecules. He gives as the result of his inquiry that 
electrical transmission is the result of a series of very 
rapid vibrations of the more or less elastic matter which it 
traverses, and he points out certain analogies between 
electric motion and sonorous vibrations. is view has 
been supported by the researches of Professor Ayrton 
and Perry* on the vicosity of dielectrics. 

Professor Challis, of Cambridge, has extended this view 
so far as to embrace magnetism, electricity, light, heat, 
and ete 4 in one category of physical force, and to assert 
that th result from motions and pressures of a uniform 
elastic fluid medium pervading all space not occupied by 
atoms. His views, however, have not received much at- 
tention, for they are not based on the foundation of an 
new facts, and they are utterly subversive of many cherished 
principles deeply rooted in the scientific mind. It is to be 
ae however, that he regards electricity as a form of 

‘orce. 

Mr. Crookes in his recent beautiful experimental re- 
searches into molecular physics in high vacua has still 
more conclusively proved the connexion that exists between 
electrical action and molecular motion. In fact, his experi- 
ments are so brilliant, his expositions so lucid, that one 
can fancy one sees with the eye of the body that peculiar 
play of the molecules which can be evident only to the eye 
of the mind. Not only has Mr. Crookes established as a 
physical fact the kinetic theory of gases, and the molecular 
constitution of matter, but he has indicated the existence 
of a fourth state of matter where the molecules fly about 
without mutual let or hindrance. He has also led us to 
doubt the truth of the goanty received opinion that an 
electric current flows from the positive to the negative 
electrode. It would appear from his investigations that 
the reverse is the case. Be that as it may, he has added 
one story to the structure of the molecular theory of 
electricity. 

The criterion of a good theory is, however, its power of 

rediction. A false theory has never led to prevision. 

either the corpuscular theory of light, nor the fluid 
theories of heat and electricity, ever led to the prediction 
of something of which eyes had not seen nor ears heard. 
The triumphs of prediction in astronomy, sound, light, and 
heat are innumerable. Faraday predicted the effect of in- 
duction in lowering the velocity of currents of electricity 
and the action of etism on a rayoflight. Sir William 
Thomson predicted that a current in passing from a hot to 
a cold part of a copper bar would heat the point of contact, 
while in an iron bar it cools it. Peltier predicted the cool- 
ing effect of currents on the junctions of thermo-electric 


pairs. 

But the true identity of these physical effects is con- 
clusively shown by their quantitative character and by their 
adhesion to the law of the conservation of ene Take 
the case of the electric light ; the consumption of coal in a 
furnace generates steam, the steam works an engine, the 
engine rotates a coil of wire in a magnetic field, the motion 
of the coil in this field induces currents of electricity in the 
wire, these currents of electricity produce an arc, and 
thereby heat and light. The energy of the coal is trans- 
formed into heat and light through the intermediate agency 
of electricity. Is it possible to conceive that this inter- 
mediate agency is anything but a form of energy? Take 
the case of the Bell telephone ; the energy of the voice pro- 
duces the energy of sonorous vibration in the air, the vibra- 
— © the ji —_ the ‘aoe of be _— disc, ay 
vibrations of the disc vary the ism e magnetic 
field, this produces currents of electricity in a small coil in 
this field which vary the magnetism of the distant magnet, 
which in its turn throws its disc armature into vibration, 
and thereby repeats at the distant station the sonorous 
vibrations of the air, and thus reproduces the energy of the 
voice. A tuning fork comes to rest sooner in front of a 
telephone than when it is allowed to vibrate freely in air. 
Here we have the energy of the fork — through the 
several stages indicated above, and ultimately coming out 
in its original form. The energy of sonorous vibrations at 
a station is that lost by the vibrating tuning 

ork. 

Is it possible to assume that in this cycle of changes 
energy has been transformed into matter and matter again 
formed into energy ? It is impossible and absurd. Clerk- 
Maxwell said: ‘‘ When the appearance of one thing is 
strictly connected with the di ce of another, so 
that the amount which exists of the one thing depends on 
and can be ted from the amount of the other which 
has disappeared, we conclude that the one has been formed 
at the expense of the other, and that they are both forms 
of the same thing.”’ 

Would it be possible to light the streets of New York by 
the energy of the falling water at Niagara, as has been 
suggested by our past President, Dr. Siemens, if the cycle 
of changes from the one spot to the other were not all 
different forms of this same energy? Would it be possible 
to plough a field a mile away from the source of motive 
power of the transmitting medium if the electric currents 
were not forms of the same power? Electricity in its effects 
is and must be a form of energy ? 

The final stage into which any physical theory grows is 
that in which every action can be expressed in mathematical 
language, where every phenomenon is calculated upon an 
absolute physical basis, and where we can foretell exactly 
what will occur under any possibleemergency. This is the 
present condition of the science of electricity. We can 
calculate exactly how much steam power is required to 
generate a given current to produce a given light. We can 
tell precisely what dimensions of cable are necessary to 
give a certain number of works per minute on the other 
side of the globe. If a fault develop itself in a long cable 
through the gastronomic propensities of a thoughtless 

oung teredo, we can calculate to within a few fathoms, the 
locality of his edacious depredation. 





* Comptes Rendus, lxxxix., page 76 to 80, 1879. 








* Proc. Roy. Soc., pages 7 and 8, No, 186, 1878. 


Take, again, the conversion of heat into electricity, and 
of electricity into heat, of chemism into electricity, and of 
electricity into chemism—but I am tired of these illustra- 
tions. It may suit a Darwin or a Faraday, to satiate his 
pupils with a plethora of illustrations to his point, or 
it may suit an author who is writing a book to exhaust his 
subject, but the President of a Society in his inaugural 
address, must the time before him and the patience 
of his readers. I have shown that electricity is not a form 
of matter, and I hope I have now convinced you that it 
must be a form of force. In its effects which are known to 
us, it must rank as one form of energy in the same category 
with chemism, with light, and with heat, as a peculiar mode 
of motion of the molecules of matter. 

Clerk-Maxwell,* in his classical work on electricity, has 
used a somewhat curious argument to show that electricity 
is not, like heat, a form of energy. He says that energy 
is produced by the multiplication of ‘“ electricity” and 
‘* potential,’ and that it is impossible that electricity and 
energy should be quantities of the same category, for elec- 
tricity is only one of the factors of energy, the other factor 
being ‘‘ potential.’”’ But this does not militate in any way 
against the force of the argument, for in nature we can no 
more do so than we can rate heat and temperature. 
Energy usually appears as the product of two factors, and 
it is the equivalent of the work done. Thus, potential 
energy is the product of mass and vitation acting 
through a distance. Kinetic energy is the product of mass 
and the half square of velocity. The energy of fluids is 
the product of volumeand pressure. The energy of heat is 
made up of heat and temperature, and the naney of elec- 
tricity-is the product of electricity and potential. ‘Hence 
it is that electricity, per se, may be said to be a form of 
force, while all its effects as known to us are forms of 
energy. Force alone cannot produce energy ; it must be 
force and something else. Force is the power of producing 
energy and it must have something on which to produce 
it ence matter is always present; and thus, though 
heat, light, and electricity are forms of motion, they are 
in reality properties of matter from which — are in- 
separable. They are evident to us through the play of the 
a of matter, and thus are properly called molecular 
‘orces. 

(To be continued.) 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was a 
attendance on ’Change at Middlesbrough. Although 
it was generally known that there was a stoppage of work 





at the coke ovens in Durham in —e of a dispute 
about wages, the market was a shade weaker. It was 
known that prices at Glasgow were also easier. As the 


month is drawing to a close speculators are anxious to 
realise, and therefore No. 3 Cleveland pig iron could be 
bought for 62s. 6d. ton. The trade is really in a sound 
condition, and is likely to further improve permanently. 
It is not probable that any sectional difference about 
wages, whether at collieries, coke ovens, or iron works will 
be allowed to stop industrial operations for any length of 
time. There are now about 105 blast furnaces in blast, and 
yesseeniioes are being made for blowing in more furnaces. 

essrs- Connal and Co., the warrant storekeepers, have 
now a stock of 105,450 tons, which is a reduction of up- 
wards .of 1000 tons since last week. The Loftus Iron 
Works, which have been a by a company, are 


being prepared for re-lighting, and the Lackenby Iron 
Works, which were recently purchased by Messrs. Downey 
and Co., of Middlesbrough, will soon be in operation. Two of 
the three blast furnaces have been relined, and will be blown 


in next week. The third furnace is being relined. At 
Middlesbrough vigorous exertions are being made to get’ 
ready for blast the Linthorpe Iron Works, which it will be ' 
recollected were purchased by Mr. Edward Williams, the 
President of the [ron and Steel Institute. 


The Finished Iron Trade.—There are further signs of ; 
improvement in the finished iron trade. Prices continue 
firm, being based on ship plates selling at about 91. 10s. per 
ton, bars at 81. 10s., ong 81. 15s., and iron rails 81. 10s. 
One of the Stockton Holling Mills has just received an 
order for iron rails partly on American account. In other 
parts of the district iron rails are being made in consider- 
able numbers. Throughout the North of England thera 
is a much larger number of men employed than there was 
two or three months ago, and consequently the distress in 
the several iron districts has diminished into small com- 


pass. 


Shipbuilding and Engineering.—The prospects of ship- 
building and engineering are better. On the Tyng there 
isa deal of work going on. The Wear also a 


fair share,'and on the Tees there is great activity. There 
is still a difference about wages on the latter river. At 
Stockton the men have given notice that they will leave 
the several yards this week unless they get the advance of 
wages for which they asked a short time ago. It is ex- 

| that the matter will be arranged by the employers 
ollowing the example of Messrs. Dixon and Co, at 
Middles gh, and compromising the matter. 


The Reorganisation of Messrs. Hopkins, Gilkes, and Co, 
Limited. — Yesterday a meeting of the shareholders o: 
Messrs. Hopkins, Gilkes, and Co., Limited, was held at 
Middlesbrough, and a new board of directors was appointed 
with Mr. Henry Fell Pease, as chairman. It was agreed 
that the new company should be called the Teesside Iron 
and Engine Works Company, Limited, and it was resolved 
that the vale) of the company be increased by the sum 
of 99,0001. divided into 33,000 preference shares of 31. each 
and that the said preference shares be entitled to a dividend 
of 10 per cent. per annum. 








* Vol. i. p. 30, 
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THE METEOROLOGICAL SOCIETY. 


Tux usual monthly meeting of this Society was held on | Nottinghamshire, and Yorkshire ; readings of —3 deg. being 
ednesday evening, the 18th inst., Mr. he Symons, 
8., Bros 


Ww 

F.R ident, in the chair. Dr. J. S. Cameron, 
Dr. F. E. Carey, J. B. Charlesworth, A. Collenette, S. 
Forrest, J. G. Gamble, H. J. Marten, J. Hixon, B.A., W. 
P. Propert, LL.D., 8. Rostron, W. P. Swainson, and E. 
W. Wallis were elected Fellows ; and the papers read were : 
**On Typhoons in China, 1877 and 1878,” by Lieut. A. 
Carpenter, R.N.; ‘“‘ Note on the Reports of Wind Force 
and Velocity during the ee Storm, December 28th, 
1879,” by =f H. Scott, F.R.S. These reports seemed to 
show that the velocity of the wind on that occasion was not 
so high as was generally supposed, and had been frequently 
exceeded, but that some of the gusts were very violent. 
** On the Frost of December, 1879, over the British Isles,’’ 
by W. Marriott, F.M.S. Exceptionally low temperatures 
were registered all over the British Isles from the lst to the 
7th of mber. On the Ist. the lowest temperature was 
—2 deg. at Ketton, near Stamford, and the next lowest was 
5 deg. at Trent Same. The temperature continued low 
throughout the day, at several places not rising above the 
freezing point. On the 2nd the cold was more intense. In 
the counties of Leicester, Lincoln, and Nottingham the 
temperature fell below zero, the lowest being —4.5 deg. at 
Coston, near Melton Mowbray. ‘Temperatures between 
0 deg. and 10 deg. were registered in the north and south 
of Scotland, and along the central part of the north of 
England to the midland and eastern counties ; while over 
the whole of England, Scotland, and Ireland, with the ex- 
ception of the sea coast stations, the temperature fell below 
20 deg. On the 3rd the temperature was more evenly dis- 
tributed, and not quite so intense as on the previous day ; 
however, in the North Riding of Yorkshire and the valley 
of the Tees readings at and below zero were registered, the 
lowest being —2 deg. at Gainford. On the 4th intensely cold 
weather was experienced over the sout of Scotland and the 
north of England, the lowest reading obtained was —23 deg. 
at Blackadder, in Berwickshire,  Tedeg. was also registered 
at Springwood Park, near Kelso, and readings of —5 deg. 
were reported at Haddington, Melrose, and Corbridge-on- 
Tyne, and —4deg. at Alston. Temperatures below 10 deg. 
were registered over the south and south-east of Scotland, 
and over the north of England, as far as the valley of the 
Trent, and also in the eastern counties, while over almost 
the whole of England, Scotland, and Ireland, the tempera- 
ture fell below 20 deg. In some parts of the south of 
Scotland and the Border counties, the maximum tempera- 
ture during the day did not rise to 20 deg. On the 5th the 
minimum temperature was not so low as on the previous 
day, there being a cloudy sky and a yy we fall of snow. 
In Ireland, however, this was the coldest day of the month. 





a 
| during the day was much below the freezing point. On 
| the 7th very low temperatures were registered over the whole 


| 20 deg. at Sidmouth and Eastbourne, and 24 deg. at 





On the 6th the temperature fell considerably in Derbyshire, 


recorded at Trent, — 1.0 deg. at Buxton, and 0 deg. at York 
nd Stanley. At many places the maximum temperature 


of the north and west of England ; the lowest reported was 
~ 10 deg. at Ketton, near Stamford. The temperature fell 
below zero in the counties of Essex, Leicester, Derby, 
Lincoln, Nottingham, and York, and also in the south of 
Scotland, while over almost the whole of the north-east 
and central part of England, as well as a portion of the 
south-west district, the temperature fell to 10 deg. or below. 
Readings below 20 deg. prevailed over nearly the whole of 
England and Scotland. and the centre of Ireland. The 
maximum temperature during the day at a few places was 
extremely low, the thermometer at Appleby only recording 
12.4 deg., and that at York 18 deg. busing the next few 
days a little warmer weather prevailed, but on the 11th 
the temperature fell below 20 deg. over the central part of 
England, Scotland, and Ireland. Low temperatures were 
also experienced at most places on the 12th, milder weather 
continued for the next few days, but on the 17th the tem- 
perature again fell below 20 deg. over the whole of the 
south of England. Low temperatures also prevailed on 
the 18th, 2lst, 23rd, 24th, and 26th, while the maximum 
poe ta at many places on the 21st and 26th did not 
reach 32 deg. At almost all the inland stations frost 
occurred on an average of about 25 days during the month, 
and temperatures below 20 deg. were registered from 8 to 13 
days at several places. The only station where frost was 
not felt was Scilly, the lowest temperature recorded there 
being 33deg. on the 2nd. The only comparatively mild 
districts were the west and south of Ireland, and the 
extreme south-west of England. Even the seaside health 
resorts which are reputed for their mild climates were not 
exempt from the cold, the temperature falling below the 
freezing point on 11 occasions at Ventnor, 15deg. at Torquay, 


Ramsgate and Worthing. During the time of the cold 
weather the barometer was very high over these islands, 
and an anticyclone was formed over those districts where 
the lowest temperatures were recorded. That the cold 
was the result chiefly of radiation is shown by the great 
difference in temperature at the hill and valley stations, 
For instance at Farley, 640 ft. above sea level, 17 deg. was 
registered on the 7th, while at Oakamoor, 300 ft. lower in 
the valley of the Churnet, and less than a mile distant from 
Farley, the temperature fell to 1.1 deg. The effect of the 
cold upon the health of the community was very great. 
In London the number of deaths refe to diseases of the 
respiratory organs increased to 719 in the week ending 








December 20th, and exceeded the week average by 288. 

The public journals record the fact that several persons 

were frozen to death in various parts of the country. 

ane frost also caused great injury to plants, shrubs, and 
8. 








ADELAIDE AND Natrng Rattway.—The 33 miles be- 
tween Adelaide and Nairne are estimated to cost 750,0001. 
sterling, or an average of about 22,0001. per mile. For the 
first 62 miles from the city, the earthworks are practically 
completed. Up to this point, however, they are mere child’s 
play com with those on which the next few miles of 
the future railway are to run. The construction of the 
culverts and crossings up to this point has been let to 
Messrs. Kean and White, and Messrs. Waddington and 
bre oe have undertaken the erection of three bridges, two 
of which are now nearly completed, while the third is well 
advanced. The rails for the whole of the line—61 lb. steel 
rails—have been ordered from England on favourable 
terms, the contract having been made before the recent 
rise in the price of iron and steel. For some months past 
the wages bill has amounted to about 45001. per month, 
besides the cost of materials. 


Tue Fracture or Cast Iron.—Last evening at the 
fortnightly meeting of the Civil and Mechanical Engineers’ 
Society, held at Westminster Chambers, 8S.W., William 
Charles Street, the President, in the chair, a very interesting 
paper by Mr. James Love, F.R.A.S., F.G.S., was read on 
the above subject. In the paper the author went at con- 
siderable length into the matter, and described experiments 
on the peculiar form of fracture of cast iron, and showed 
its similarity to the fracture of other materials such as 
glass and sealing-wax. The author further showed by his 
experiments, these lines to be nearly at right angles to 
the lines of equal stress, demonstrated by the Astronomer- 
Royal some years back. Arguing from this stand-point, 
Mr. Love proved the viscosity of many materials and its 
connexion with heat and regelation, which he has found in 
many substances including iron, and showed that the 
ordinary process of welding iron was due to regelation, 
and that cast iron could not be welded in consequence of 
the pressure of carbon in the form of graphite. A short 
discussion ensued, in which Mr. B. Haughten, Mr. R. 
Harkness Twigg, M. Inst. C.E., Mr. A. T. Walmisley, 
Assoc. M. Inst. C.E., and Mr. R. M. Bancroft (who read 
the paper in the unavoidable absence of Mr. Love) took 

. ‘These gentlemen expressed their opinion that the 

(many of them original) demonstrated by the author 

were of sufficient importance to require a special evening 

devoted to their consideration, accordingly the discussion 
was adjourned to March 25. 
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THE STRENGTH OF RAILWAY 
BRIDGES. 
By M. am EnpE. 

It has been a common practice in this country to 
proportion the details of railway bridges by allow- 
ing in every part one square inch of wrought iron 
for every five tons of the greatest strain which 
may possibly occur in it. This rule has been very 
generally made to apply as well to large bridges as 
to small ones, no account being taken of the pro- 

rtion which the dead load | down to the moving 
Poad. Many engineers, on the other hand, feeling 
that the nature of the load should be taken into 
consideration have proposed to calculate the strength 
of railway bridges with two factors of safety, one 
for the dead load and another, higher one, for the 
moving load. Methods of calculation of this kind 
are adopted by some foreign Governments, notably 
the American. Some engineers also assume for 
small bridges an increase upon the actual moving 


load, and in addition to this a smaller strain per 


square inch of metal than for larger bridges.* 





and compressive. This is the case commonly 
occurring in bridge structures. The limiting strain 
viz,, the greater of the two) in this case is called 
the working strain A (Arbeitsfestigkeit), 
The relation between U and A is expressed by the 
following formula by Professor Weyrauch,* which 


has been adopted in the calculation of the bridges | .¢ 


referred to in this article for wrought iron: 


A=U (14m: 5) 
max. S 

In this formula minimum S and maximum S indi- 
cate the smallest and greatest strain which occur ip 
the bar, and should be put into the formula with 
their respective positive or negative indices. U is, 
according to Wohler, about 13.33 tons for wrought 
iron of 25 tons breaking strain per square inch, and 
we may conclude that U is about 12 tons for wrought 
iron of 22.5 tons breaking strain, which represents a 
fair quality used for bridges. 


A=12(1+4 min, S)\ 
max. S 
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These improved methods of calculation appear to 
be based upon theories or experiments upon the 
increase of strain by impact or vibrations, but up to 
the present time the results of both are very im- 
perfect, and the experiments especially, which have 
been made on this subject, have not conclusively 
shown that such increase of strain exists. 

Meanwhile extensive experiments have been made 
and are still in progress upon bars of iron and steel 
under strains repeated a very large number of 
times, and they throw a new light upon the calcu- 
lation of strength of railway bridges. Experiments 
of this kind were long ago made in England by Fair- 
bairn, but the circumstances were of a special nature 
and distinct general results cannot be drawn from 
them. The chief experiments of this kind were insti- 
tuted by A. Wobler, in 1858 under the patronage of 
the Prussian Government,t and they have conclu- 
sively proved that fracture of a metal bar may be 
arrived at, not only by the breaking strain of the 
metal, i.¢., that straia which applied only once will 
cause fracture, but also by a strain smaller than the 
breaking strain, if applied a large number of times. 
It was also found that this strain was the smaller, the 
greater the number of repetitions up to a certain limit, 
where the latter was infinite (or practically so), and 
where the strain was therefore the smallest possible 
causing fracture. It appears then that the effect of 
the repeated strain is the gradual deterioration of the 
metal if such strain exceeds a certain limit, but that 
no such effect takes place if the strain is kept within 
that limit. Two cases have been distinguished : 

1. The case of a bar which is strained from the 
state of rest up to a certain point, and each time 
returns to the state of rest. ‘The limiting strain in 
this case is called the fundamental strain U (Ur- 
sprungsfestigkeit). 

2. The case of a bar which is brought alternately 
from the state of one strain to that of another strain, 
both tensile, both compressive, or alternately tensile 


Accordingiy the working strain A of a wrought- 
iron bar of 1 square inch will be for example : 
A=U=12 tons, if ™™- 5 — 0, that is, if each 
max. S 
time (of an infinite number of times) the bar returns 
to a state of rest. 


A=15tons,it ™®-S—4, that is, if each time 
max, 5 


the strain were reduced to one-half. This would be 
the case of the flanges of a girder if dead and 
moving load are equal. 

A=18 tons, if ™"-S—}, thatis, if the strain re- 

max, S 
mains unchanged for an infinitely long time. 
A=6 tons, if min. § = — 1, that is, if each time 
max. S 
the strain changes from a tensile strain to a com- 
pressive strain of equal intensity. 

The factor,of safety now remains to be assumed, 
and in this, as heretofore, we must be guided by 
experience, which is necessarily dependent on a 
variety of circumstances. We may, however, say this 
much : If this factor of safety which we assume does 
not produce in any part of the structure, according to 
the improved method, a strain greater than 5 tons 
per square inch, for example, we should then have a 
stronger structure than if all its parts had been 
calculated with a strain of 5 tons per square inch, 
because some parts which, viewed by the light of the 
experiments above referred to, are strained more 
unfavourably than others, are accordingly calculated 
with less than 5 tons. 

The factor of safety for the Pacuare and Matina 
river bridges for the Costa Rica Railwayst has 
been determined by the assumption that the 
English standard of 5 tons per square inch is sufli- 
ciently safe for the flanges of railway bridges 
where the dead load and the moving load are 
equal. This would represent an average case, 














* B. Baker, ‘‘ Long and Short Span Bridges.”’ 
+ A Wohler. “‘ Ueberdie Festigkeitsversuche mit Eisen 


und Stahl.”’ Berlin, 1870 (Ernst and Korn). See also 
yap vol. xi., pages 199, 221, 244, 261, 299, 327, 


’ ’ . 








* Professor Dr. J. J. Weyrauch. “ Festigkeit und Di- 


iy I a gas 2 &e.”’ Leipzig, 1876 (Teubner). 
Dr. E. Winkler. ‘“‘ Wahl der zulissigen Inanspruchnahme.”’ 
Wien, 1877 (Waldheim). 


t+ See page 24 ante. 


and it must be concluded that experience is 
most correct for average cases. Whether it is ad- 
visable to make a different assumption for different 
cases would depend upon a proper consideration of 
the circumstances, e.g., the climate of the country. 
Taking then a the safe working strain in the case 


min. 5 — 4 to be 5 tons, we have : 
5=U (1+ 
vas. . 


max, S 
Putting this for U in the above formula, we have: 
a=4( 14+} min 8 
max. S 
The factor of safety is: 
U =12 =3. 
u 4 
Consequently a wrought-iron bar of one square 
inch area with a breaking strain of 22.5 tons, would 
resist with threefold safety a strain of : 

7.5 tons once. 

»» continually. 

»» if this strain is applied alternately with a |strain 
of 2.5 tons. 

» = Pm — is applied alternately with the state 
of rest. 

»» if this strain is applied alternately as a tensile 
and a compressive strain, &c. 

These are some of the coefficients of construction. 

The formula furnishes any number of them accord- 

ing to the proportion of the minimum strain to the 

maximum strain. 

The following objection may be raised to this 
method: Granting that A the working strain, which 
is smaller than the breaking strain, may cause rupture 
if repeated a large number of times, and that this 
happens in consequence of a gradual deterioration 
of the structure of the metal, yetif weconstruct our 
bridges with an ample factor of safety, so that in all 
cases we keep within the working strain A, do we 
not thus protect them from deteriorating, since 
the cause of the deterioration no longer exists ? 

In answer to this, it must be remembered 
that the reason for calculating with a factor of 
safety is the assumption, that on the one hand, 
greater forces than we have provided for may in 
reality act ; and that on the other hand, parts of the 
structure may, for various reasons, present at a 
certain time smaller sectional areas than. we have 
intended ; or, again, that the quality of the metal 
may in some parts be inferior to what it is assumed 
to be. 

Supposing now a structure made of wrought iron 
of a nominal breaking strain of 224 tons being 
strained to 5 tons per — inch throughout, 
then, according to the old point of view, the 
collective effect of the above causes—none of which 
hes so far anything to do with the deterioration by 
repeated strains—might amount to a reduction of 


strength to = in any part before rupture takes 


o -_ OO 


place. But according to the new point of view, the 
figures are much less favourable. Rupture would, 
from the same strain of 5 tons, occur after many 
repetitions in the four bars, given as examples 
above, as follows: For 

min. 5=0, if reduced to y4=0.416 of its original strength. 


max. 





min. 8, ’ ” ¥s= 0.333 ” ” 
max. 8S 

min. S_y ss ve=0.277 Mi os 
max. 8 

min. 8__1, ,, § =0.833 ‘ e 
max. 8 ‘i 


If this structure were calculated according to the 
new formula instead of the uniform standard of 
5 tons per square inch, each part might be equally 
reduced to one-third of its original strength without 
its being liable to fracture. 

Further illustrations of these statements are given 
in the Tables on the next page. 

The last columns of these Tables give the sectional 
areas of the parts if they were calculated with 5 tons 
r square inch uniformly, and it can be seen that 
in many instances the new method requires much 
larger sectional areas than the old method. This is 
especially noticeable in the central portion of the 
web of a lattice girder, in the flanges of a continuous 
girder, and generally in very light structures under 
heavy moving loads, such as platform girders of 
railway bridges and structures like the small spans 
of the Matina River Bridge. 

For long struts, where an increased sectional area 





is required to prevent lateral ame it does not 
seem necessary to provide additional strength on 
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Pacuare River Bridge—Main Girder (Fig. 1.) 





) 
ms) 


Min. 8 


rea (5 Tons 


uniform). 


Coefficient (New Method 
Method). 


a=4 (+4: 





t, —122.0 
t, |—130.3 
t, —148.4 
b, + 88.1 
b, +136.8 
b, +141.3 
ad, + 60.85 
d, — 37.3 
d, + 24.0 
dg |— 17.15 


comms SII BREZ | sectional A 


EFBEISB | Minimum 8, 
BSEReRBSH.. 


BRO Rrwaoeor 
mom SBRw | Sectional Area (New 


+L rteteyqt 
DO CO > wm Ot Ot Ot or or or 
BLSLSRSESSE 
BeIVBLBESSE 


a 
ited 








\ 





Pacuare River Bridge—Cross Girders (Fig. 
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Pacuare River Bridge— Rail-bearer—continuous. 
(Fig. 3). 
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Matina River Bridge—Arch, Small 
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account of repeated strains, if the former require- 
ment exceeds the latter. Both calculations would 


-| have to be made, and the sectional area to be taken 


according to the larger figure. 

The strength given to parts which have to resist 
the wind pressure depends on its greatest possible 
intensity. As this may occur only once or a few 
times during the life of a bridge, such may be 
constructed according to a coefficient of 7.5 tons per 
square inch, which is one-third of the breaking 
strain of 22.5 tons. There would be as much reason 
for doing so, as there is for constructing parts 
strained repeatedly between half and full strain to 
5 tons per square inch, which is one-third of the 
working strain, A=15 tons, for such parts. As, 
however, the intensity of the wind pressure and its 
way of acting upon a structure are matters of great 
uncertainty, it seems advisable to take a higher 
factor of safety than 3 for strains from wind pres- 
sure. 

The above-mentioned experiments are still very 
incomplete, and the various formule based upon 
them are, as their authors themselves admit, im- 
perfect. But this is hardly a reason to wait for 
possible improvements in them, and meanwhile to 
adhere to arule which everybody feels is insufficient. 
lt may be undesirable for a Government to abandon 
a rule before it can be stated distinctly what is to 
be put into its place, but this need not prevent 
designers of bridges adopting a formula like that of 
Professor Weyrauch’s, if it is adapted so as not to 
contradict the existing rule. 
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Torpedoes and Torpedo Warfare; containing a Complete 
and Concise Account of the Rise and Progress of Sub- 
marine Warfare; also a Detailed Description of all 
Matters appertaining thereto,{including the latest Im- 
provements. By C. W. SLEEMAN, late Lieut. R.N., 
and late Commander Imperial Ottoman ay. With 67 
full-page Illustrations and Woodcuts. ortsmouth : 
Griffin and Uo. 

Besipes the very excellent volume on submarine 

warfare by Lieut.-Commander Barnes, published 

in New York in 1870, and the numerous detailed 
articles on the construction and use of torpedoes 
which have appeared in our own columns (vide ENGI- 

NEERING, vols, xxi. to xxv.) the literature on this 

modern and all-important branch of naval warfare is 

very meagre. Mr, Sleeman’s book will for this reason 
be all the more useful, and its interest is enhanced 
by the fact that he took an active part in the 

Russo-Turkish war, where the latest experience of 

torpedoes has been obtained. The contents of the 

book may be classified as follows; 1. A brief 
historical sketch of the origin and growth of appli- 

ances for submarine warfare ; 2. Defensive, and (3) 

offensive torpedo warfare ; 4. Torpedo operations ; 

5. Explosives; and, 6. A record of torpedo ex- 

periment. 

The most interesting section of the book is un- 
doubtedly that devoted to offensive torpedo warfare, 
which might have oy Oo a part more or less 
important during three large wars, the civil war of 
North America, the Franco-German and the Russo- 
Turkish wars. During the first considerable damage 
was inflicted, and unsurpassed bravery displayed in 
the use of crude contrivances, too often fatal alike to 
the attacking y and the vessel marked down for 
destruction ; the torpedo consisted at that time of 
an explosive charge attached to the end of a spar 
projecting from an ordinary ship's boat totally un- 
fitted for such a service. In the Franco-German 
war no one was made of _ a torpedo, and 
in the last great struggle though extensive pre - 
tions had Aes made on both sides, little a ye 
which could offer useful lessons, 

Offensive torpedoes may be divided into four 
classes: Drifting, towing, locomotive, and spar 
torpedoes. The first of these are especially adapted 
for the destruction of obstructions, pontoons, 
bridges, &c., and might have been used with great 
effect by the Turks for destroying the Russian 
communication across the Danube. ere are three 
types of this weapon: Lewis’s, McEvoy’s, and the 





American torpedo. Lewis's torpedo consists of a}. 


timber about 20 ft. long, loaded to float vertically, 
and with its upper end slightly above the water ; 
at the lower end i is a box containing the charge, the 
hammer above the detonating fuses of which are 
connected with a trip lever on the top of the timber ; 
when this lever comes in contact with ony ene? 
it is released and the charge is exploded, 

drifting torpedo consists of a case containing the 





cEvoy’s | wards. 


c e; in the centre is a tube in which the per- 
cussion mechanism and cap are placed, the latter 
being fired by a hammer salsined by a lever con- 
nected with a propeller wheel. When this imple- 
ment is started the wheel does not revolve, but ag 
soon as it is arrested the current starts the propeller, 
and after a few revolutions the lever holding the 
hammer is released and the cap is exploded. The 
American torpedo consists simply of a charged case 
weighted to float below the water, and provided 
with a friction fuse to the outer end of which pro- 
jecting beyond the case are a number of wires 
attached to floats. On any of these floats becoming 
entangled with any obstacle the drag of the current 
on the case causes the friction fuse to become 
ignited. 

Towing torpedoes also comprise three types: 
Harvey’s, Menzing’s, and the French pattern. The 
first of these is so well known, and has been so fully 
described in this journal, that there is no occasion 
here for further reference to it, and Menzing’s 
may be dismissed with the remark that it is a 
Harvey torpedo modified by a German naval officer. 
The French towing torpedo consists of a wooden 
body covered with thin steel plates, the charge is 
carried forward in an iron case, and is connected to 
the body by means of a latch bolt fastening into a 
plate extending from the top of the body ; in advance 
of the case is a cork prow, and two curved rods 

roject from the plate carrying the dynamite case, 
The torpedo is fired either automatically or at will. 
By the former means, when the curved rods strike 
any obstacle, they push back the plate to which the 
case is hung, releasing it, and causing it to sink ; 
when it has fallen through the water to a depth of 
about 9 ft., itis exploded by means of a wire passing 
through a tube at the bottom of the body, and enter- 
ing the case to the fuse. For firing at will a small 
gun attached to the plate is discharged by electricity, 
with the result of releasing the dynamite case, which 
sinks and is exploded as before. 

The author refers only to two classes of self- 
propelling torpedoes, the Whitehead and the Lay, 

ut he has more to say about these than has ap- 
peared in print before, and which will be read with 
interest. The Whitehead torpedo, which was first 
put into a practical shape at Fiume in 1864, was 
shortly afterwards acquired by the Austrian Govern- 
ment, and in 1870 the English Government pur- 
chased the secret on singularly advantageous terms 
to the inventor, he including the right to be in- 
formed of and the privilege to use all improvements 
on his original invention which might be introduced. 
The present English fish torpedo is, it is stated, a 
far superior weapon to the Whitehead. Several 
other Governments have also become proprietors of 
this machine, so that the secrecy which is so osten- 
tatiously preserved appears but futile. The author 
states that the Turkish Government is the only one 
which has obtained the right of making the White- 
head torpedo without paying for it, and this by the 
fortune of war, as in December, 1877, they captured 
two of the weapons which, among others, had been 
discharged against an Ottoman squadron by the 
Russians at Batoum. . The Whitehead fish torpedo 
consists of an iron or steel shell, circular in section 
at all points at right angles to its axis. It varies in 
length from 14ft. to 19 ft., and in maximum dia- 
meter, about the centre of its length, from 14 in. to 
19in., tapering away on each side almost to a point 
at the ends; vertical and Horizontal steel fins are 
fastened to the shell to maintain the instrument in 
an upright position. The body is divided into three 
compartments by bulkheads, the forward one con- 
tains the charge, the central one the adjusting me- 
chanism, and that at the rear the compressed air 
reservoir, and the small Brotherhood engine em- 
ployed to drive the torpedo through the water. The 
air is compressed to about 1000 pounds to the square 
inch, and the engines weighing 35 lb. develop a force 
of 40 indicated horse power. We may quote the 
following from Lieutenant Sleeman’s observations 
about this weapon. 

The explosive is generally placed in what is termed the 
cartridge case, which case is similar in shape to the interior 
of the ¢' chamber, and is fixed thereto by wooden 
wedges. The method of ignition is mechanical and is ar- 
as follows: Extending from the nose of the torpedo 
tic pt te pining henge af neni om 
In W. is ie c na ~ 
position ; wathin this tabe is » steel rod some 2 ft. long fitted 
with a {needle point at its inner end, and its outer end 
screwed into a ; this frame is capable of moving in 
and out and is connected with a spiral spring which ten 
to oe. and o—owreey ee Oe ere 

‘ compressing spiral spring, inner 
the frameis butted against a catch by which it is prevented 
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from acting. On this catch being released, no matter by 
what means, the spring is brought into action, and forces 
the frame and steel striker inwards, the needle point of the 
latter coming into contact with the detonator fires the 
priming charge and so explodes the torpedo. The foremost 
extremity of the torpedo, which is termed the nose piece, is 
so fitted that it is capable of being forced inwards, but in a 
position of rest its inner edge is quite clear of the catch. 
On apressure being brought on the nose piece in a direct 
line with thelength of the torpedo, it will be forced in- 
wards, the result being the releasing of the catch, and ex- 
losion of the deonelie: In addition to the nose By»: 
Lorisontal and vertical levers, or whiskers, may be 
used, a slight pressure on either of which will similarly 
effect the explosion of the torpedo ; also cutters for pene- 
trating nets, &c., are fitted to the nose piece when de- 


sired. 

Safety Wedge and Key.—For safety purposes a wedge is 
employed, which when in the safety position prevents the 
eatch from acting; this wedge is so arranged that it may 
be withdrawn by the action of the machinery after the 
torpedo has run a certain distance, and also may be re- 
placed by similar means in the safety position on the com- 

letion of the run. As an additional precaution a safety 
ey is used, which is inserted in the head of the torpedo 
through the spring of the frame. 

Description of Adjustment Apparatus.—For adjusting 
the length of range for withdrawing and replacing the 
safety wedge, &c., the following apparatus is employed. 

Two cog-wheels, a large and a small one, are fixed on the 
upper part of the after end of the torpedo, just in front of 
the screw propellers ; the small wheel is fitted with a cer- 
tain number of teeth, thirty for instance, which gears into 
an endless screw attached to the propeller in such a manner 
that one revolution of the propeller moves the wheel one 
tooth, therefore thirty revolutions would turn the wheel 
one complete revolution. The big wheel is fitted with much 
larger teeth than the small one, and by means of a pin on 
the latter wheel is moved round one tooth for every com- 
plete revolution of the small wheel, and clamped in this new 
position by a spring catch, which is also worked by the pin 
on the small wheel. In front of these wheels is a stu 
which works fore and aft in a slot, and attached to a spring 
which tends to draw it to the after end of the slot. This 
stud is connected by means of a wire rod to the valve that 
admits the compressed air to the engines; when the stud is 
in the fore part of the slot the valve is open, and when in 
the after part it is closed. 

Adjusting Length of Range.—By means of a lever the 
spring of the stud is compressed, and the stud moved to 
the fore part of the slot; then the big wheel is moved round 
until a stud on its face is the required number of teeth 
above the lever. For every thirty revolutions of the pro- 
— and consequently one tooth of the big wheel, a certain 

nown distance is traversed, which varies according to the 
pattern of the torpedo. 

Adjusting Apparatus.—When the propeller. has made 
the number of revolutions ay ap to the length of 
range required, and consequently moved the big wheel 
the number of teeth it was set above the lever, the stud 
on the big wheel presses against. the lever.and so releases 
the spring:in the slot, om the slot stud to fly from the 
fore part to the after part: of the slot, by which action the 
valve admitting the compressed air to the engines is closed, 
and consequently the engines cease to work. 

Attached to the axle-of the big wheel is a small brass 
arm, which is connected. by. means of a brass rod to the 
safety wedge, and is so arranged that after the required 
number of revolutions of the propeller, the safety wedge 
will be drawn out; or it may be drawn out at the instant 
of the torpedo — the tube, carriage, &c. Also by 
means of an additional lever at the fore part of the torpedo, 
which is connected by means of a wire rod to the valve that 
admits the air to the engines, and by a: ing the attach- 
ment of the safety wedge to the brass rod from the big 
wheel, so that on the w— being withdrawn it is release 
from that brass rod, on the torpedo having completed its 
run, the action of closing the valve which admits the air to 
the engines causes the additional lever to force the wedge 
into the safety position. 

Torpedo to Float at End of Run.—This is due to the dif- 
ference of buoyancy at the end of a run from what it was 
at the commencement, owing to the compressed air being 
used in working the engines. 

Torpedo to Sink at End of Run:—This is effected by 
means of the adjustment chamber, in the after end of 
which there is a spiral spring valve, which can be attached 
to the brass rod on the outside of the torpedo that works 
the valve which admits air to the engines, in such a way 
that on the valve being closed, and therefore the run of the 
torpedo completed, the spiral spring valve is opened, ad- 
mitting water to the adjustment chamber of sufficient 
amount to sink the torpedo. 

To Explode the Torpedo at End of Run.—This is effected 

by connecting the vertical firing whisker to the rod which 
otherwise would be connected to the safety wedge lever, by 
which means, on the valve admitting air to the engines 
being closed, a force is transmitted to the vertical whisker 
instead of to the safety wedge lever, and consequently the 
torpedo is exploded. 
’ Adjusting the Depth.—A small wheel, the face of which 
is marked in feet, is placed on the left side of the fore part 
of the adjustment chamber. To adjust for depth, by means 
of a key turn the wheel until the number corresponding to 
the depth of run required is opposite the pointer. 

The torpedo is maintained at the desired depth by means 
of certain mechanical anomie contained within the ad- 
justment chamber, and which constitutes what is termed 
the secret of the fish torpedo. This chamber is connected 
by screws to the foremost and after chambers of the torpedo, 


n such amanner that by means of a number of small holes 
bored round the circumference, the faces of the chamber 
ressure of the water, which varies 
depth to which the torpedo descends. Within 


are exposed to th 
with the 








the adjustment chamber is an endless strong spiral 
Spring, attached to the after face of the chamber, and so 
arranged that after being set to a certain tension, capable 
of resisting an equivalent pressure on the outside of the 
aforesaid face, any increuse or decrease in this exterior 
pressure will cause the spiral spring to work a rod by which 
the horizontal rudders of the torpedo are regulated, and 
thus the desired depth for which the spring is set is main- 
tained. The course of the torpedo is represented by a series 
of curves, above and below the line, representing the depth 
it is set for, these curves gradually decreasing until at 100 
yards’ distance from where the torpedo was started the 
curves are sosmall that the path of the torpedo is almost 
identical to that of a straight line. 

Within this adjustment chamber is also placed an auto- 
matic balance, which also assists to maintain y~ tn ong 
at the desired depth, by reason of its swinging fo’ on 
the torpedo descending, and swinging aft on its rising, 
which motion ,is used to regulate the horizontal rudders. 
The above is merely a general idea of the arrangement 
used in the Whitehead fish torpedo, to enable it to reach 
and maintain whatever depth it may be necessary to use it 
atfrom 5 ft. to 15 ft. i 

The Whitehead torpedo may be projected from 
below the surface of the water through a tube suitably 
closed and provided with chambers, and projecting 
from the stem or the broadside of a vessel, or it may 
be launched from a suitable carriage on the ship 
from a level above the water, or it may be placed 
in the water, directed and started. Messrs. Thorny- 
croft and Co. provide on some of their torpedo boats 
appliances for carrying these weapons on hinged 
davits, which can be lowered, and the torpedo re- 
leased at any moment. The Woolwich fish torpedo, 
which in its main features resembles that just 
described, is provided with engines of 60 indicated 
horse power, working up to a speed of 1000 revo- 
lutions per minute, and weighing, with its charge of 


d|331b. of gun cotton, about 500 1b. ; it costs 300/. as 


against 380/., the price of the Whitehead. 

The capabilities of these weapons on trial are very 
remarkable, but as will be seen are greatly in favour 
of the Woolwich pattern. The following tabulated 
statement contains some of the results obtained : 
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But little practical experience has been gained 
with these torpedoes in actual service, as they have 
only been fired on three occasions, The first of 
these was on the 29th May, 1877, when H.M.S. 
Shah was engaged with the then Peruvian ironclad 
Huascar; the second was on the 20th December, 
1877, when the Russians at Batoum attacked a 
Turkish squadron, as above mentioned; both of 
these attacks were futile. On the 26th January, 
1878, the Russian steamer Constantine fired a 
Whitehead torpedo against a Turkish guard vessel 
off Batoum, and completely destroyed it. 

Very full information accompanied with detailed 
drawings is given about the Lay torpedo, which ex- 
haustive experiments have proved to possess very 
valuable qualities ; it has been definitely adopted by 
the United States andthe Russian Governments, This 
torpedo consists of a cylindrical body with conical 
ends, made of thin steel or iron plates. Itis divided 
into different compartments by water-tight bulk- 
heads, these compartments containing, the charge 
(at the forward end), the gas reservoir, the electric 
cable, and the apparatus for paying it out, and the 
motor, steering apparatus, &c. Connected to the 
body and placed fore and aft, are two pairs of flat 
wings which turn on centres at right angles to the 
axis of the body ; any desired angle can be given to 
these wings to regulate the amount of submer- 
gence. The torpedo is driven by one or two 
screws; in the latter case one is mounted on a 
tubular shaft, the shaft of the second one 
ing through it, and the screws being driven in oppo- 





site directions. Forward of the screws, and above 
and below the boat, are two rudders controlled by a 
small ind2pendent engine, which as well as the 
main engine is driven by ammoniacal gas. The 
electric cable is coiled on a drum in the centre com- 
partment of the torpedo, and from this it is led off 
through a tube extending aft beyond and below the 
screws. The cable contains two wires connected of 
course to a controlling instrument on the ship, or on 
shore, and giving the means of performing all the 
different operations of steering, starting, stopping, 
or reversing the engines, firing the charge, &c. 
The exploding charge is carried in the bow of the 
torpedo, and may also be fired by a percussion fuse, 
or it may be detached from the case, and allowed 
to fall through the water to a certain depth 
before being exploded. In addition to the ordi- 
nary demands on the electric controlling appa- 
ratus, it may be also employed for sinking and 
raising the torpedo, the compressed gas being em- 
— as the agent for expelling the water that had 

een admitted into the chambers in the case for the 
former operation. This torpedo may be also used 
to haul after it a small boat containing one or two 
men, when itis desired to conduct any operations 
requiring special delicacy. From the foregoing brief 
notice it will be seen that although much more com- 
plicated than the Whitehead torpedo, the Lay is 
adapted to perform its functions with more certainty, 
that it is under better control, and consequently 
more likely to be effective, while there is more 
chance of it being recovered, or at least saved from 
falling into the hands of the enemy should it fail in 
its mission. Onthe other hand it is obviously a far 
more costly weapon than the Whitehead. 

Of spar torpedoes Lieutenant Sleeman only de- 
scribes the McEvoy arrangement, which can be 
fired either by percussion or by a current. 

The chapter on torpedo boats is a comprehensive 
one, including, besides the Thornycroft, Yarrow, 
and Herreshoff types, descriptions of Swedish, 
Austrian, French, German, and Russian boats, as 
well as notices of some of the special vessels de- 
signed for this purpose, such as the American Alarm, 
the Destroyer, and others. Want of space will 
not permit us to examine more in detail this section 
of the book, and we {must pass the remaining pages 
in rapid review. In reading the summary of actual 
damage inflicted by torpedoes this last twenty years, 
the amount of actual destructive work done, in pro- 
portion to the labour and expense entailed, appears 
remarkably small. On the other hand, defensive 
torpedo operation must be regarded as eminently 
successful, and the actual or assumed defence of 
harbours or important positions by submerged mines 
possesses.an importance which cannot be over esti- 
mated. ' During the American civil war, 1861-65, the 
vessels Drag 3 by offensive torpedoes were the 
Albermarle, Housatonic, Minnesota, Commodore 
Jones, and NewIronsides, while by submerged mines 

uite a large number were either sunk or disabled, In 
the Paraguayan war, 1864.68, the Brazilian ironclad 
Rio Janeiro was sunk by a torpedo, During the 
Austrian war (1866) and the Franco-German war 
(1870-71) although defensive torpedoes were ex- 
tensively employed, and offensive weapons were in 
readiness, no age was inflicted on either side, 
although the moral influence produced by them was 
considerable. In the Russo-T'urkish War (1877-8) 
the casualties were very slight, considering the 
appliances in the hands of both combatants, for the 
de velopment of the science. ‘The Turkish gunboat 
Suna was destroyed at Sulina in October, 1877, by 
a submerged mine, There were besides eight tor- 
pedo attacks made — the fleets of the conflicting 
nations, two of which were successful, the most in- 
teresting being the destruction of a vessel which 
was struck by a Whitehead torpedo from a range 
of about 90 yards. 

Chapters on explosives, experiments with tor- 
pedoes, and electric appliances terminate Lieutenant 
Sleeman’s volume, f these we can only find space 
to say that the subjects 7 to be carefully and 
exhaustively treated, and all the principal informa- 
tion available up to the present time is given. 

In conclusion, we may add that the book is very 
protony, re ene PTY ag ary which leave much to 
e desired as regards finish, but which are in all cases 
practical and explanatory, It is moreover the most 
complete work on modern torpedo warfare. 





Srze Rats In THE UNITED StaTEs.—The production 
of Bessemer steel rails in the United States in 1869 was 
2550 tons ; in 1878, 550,398 tons, and 9307 tons of open- 





hearth steel rails in addition. 
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CAPTURE OF THE HUASCAR. 
(For Description, see Page 189.) 
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THE SAUMUR GLACIER. 

Tue French papers for some weeks at the com- 
mencemeut of the year entertained their readers with 
detailed accounts of a most unusual and highly- 
alarming accumulation of ice in the bed of the Loire 
river, just above the town of Saumur, 

By dint of labour and unceasing perseverance, the 

t danger at one time f was gradually 
minished, and as the weather became more favour- 
able the disastrous consequences at first thought 
inevitable were almost entirely avoided. When 
Saumur was first spoken of, the Pont des Invalides 
had just been overthrown by the breaking up of ice in 
and above Paris. The Saumur bridges were therefore 
looked upon as invevitably lost, and so they would 
have been had the temperature risen at once with- 
out giving time for the completion of the works, 
afterwards brought toa happy issue. The inhabitants 
of the islands of Saul, Maffray, Offard, and Souzay 
also ran great risks, and although in many cases 
they were unwilling to realise the danger, they were 
all compelled by the local authorities to leave their 
homes. The case was so unprecedented, and 
caused so much excitement in France, that we con- 
sider the subject is by no means out of place in our 
journal. Besides, in a geological point of view the 
study of a phenomenon of this description and mag- 
nitude may be the means of throwing a strong light 
on the possible causes of great prehistoric changes 
on the face of our globe- 

At the commencement of January, the Loire, as 
well as other French rivers, were entirely frozen to 
a depth of 13 in. to 20 in. The temperature 
suddenly went up to several degrees above freezing 
point throughout Central Europe, large quantities 
of snow melted, and the water rose so rapidly that, 
in most cases, it passed over and covered the 
coatings of ice. The crusts then broke up into 
large fragments that floated away with the rapidity 
of the current. At this moment all hands were at 
work to protect the Saumur quays and bridges to 
prevent the floating ice from accumulating at any 
given point. ‘lo the workers’ astonishment, however, 
the fragments or sheets of ice suddenly ceased to 
make their appearance. The stoppage had begun 
its work at a short distance above the town, and as 
the blocks of ice came rapidly in contact with the 
firm barrier, some passed above and some below, 
consolidating it more and more. The water's level 
also slightly rose, and enabled sheets of ice partially 
to slide upon the bank and augment its thickness, 
And thus gradually and step by step, as the descend- 
ing blocks accumulated, the stoppage increased in 
size, until it attained a length of 7 kilometres with 
an average thickness of 4 yards, The sheets of ice 
being hurled one upon another with considerable 
violence, the glacier’s surface naturally remained 
most irregular and full of asperities that contributed 
not a little to the picturesque appearance of the 
whole. 

It can well be understood that the inhabitants of 
Saumur were, for some time, in a state of extreme 
anxiety, At any moment a rise in the water’s level 
might bring about either of two disastrous results ; 
or the ice barrier would resist and cause the waters 
to leave their natural course, ruinously inundating 
miles of valuable land and destroying the lower 
part of the town of Saumur ; or the weight of water 
would suffice to break away the ice, and the whole 
would fall upon the bridges and low constructions 
with irresistible force, The loss of property in 
either case would have been immense, and a general 
call was made on engineers to display their skill, 
and to commence without delay a desperate and 
well-combined struggle for life. Unfortunately 
some time was lost in discussion, and complaints 
arose on all sides. Civil and military authorities 
did not at once come to an understanding. Civil 
engineers considered, with some reason, that in a 
case like this, their instructions alone were to be 
followed, whereas the military officials were loth to 
part with the command of their mén sent, in con- 
siderable numbers, to assist in the work to be accom- 
plished. 

It was at last decided that a canal 40 metres wide 
should be cut through the ice to the left of the 
island of Souzay, to be prolonged as rapidly as 
possible to the west, through the entire glacier. 
Captain Binet, of the Military Engineers Corps, 
took the command, and applied with uninterrupted 
success his process of blasting with dynamite. ‘This 
work was rapidly brought to a satisfactory conclu- 
sion, the men being afterwards employed in widen- 
ing the passage, thus gradually reducing the size of 
the dauguise. Although this cutting of a passage 








to afford an easy issue to the river’s water, as well 
as to the blocks of ice that at every moment were 
detached, was rightly considered the great and im- 
portant work to be accomplished, other gangs were 
employed in clearing away ice opposite the two 
islands of Saul and Offard. Serious measures were 
also taken to protect the extremity of Offard b 
means of strong piles and transverse branches, wit 
the object of throwing off and guiding the heavy 
sheets of ice as they were brought down by the 
current. The energetic execution of these works in 
a short time relieved the inhabitants of Saumur 
from all fear of danger. 

It is not exactly known how the stoppage com- 
menced ; it happened at night and no one witnessed 
the formation of the front barrier. Many explana- 
tions have been given varying in detail, but all at- 
tributing the stoppage to the interruption offered to 
the passage of large blocks by sandbanks. An 
investigation of the spot sufficed to show how 
irregular and contorted a current of water must be 
that has to make its way through a bed so wide 
and still so full of obstacles. ‘The water’s level 
being also apt to vary with great rapidity, the 
existence of numerous sandbanks is by no means to 
be wondered at. Another unfavourable circum- 
stance without which, notwithstanding the shallow 
portions of the river's bed, it is probable that the 
glacier would never have been formed, consisted in 
a sudden lowering of the temperature. The thermo- 
meter had been at several degrees above zero during 
the day, and at night went far below freezing point. 
In consequence of this, whenever two sheets of ice 
remained in quiet contact for any time, they were 
cemented, thus offering greater resistance to the 
blows they might receive from other passing frag- 
ments. Once the first barrier formed, it can be, 
therefore, readily understood that the blocks as they 
took their respective positions were all joined and 
cemented into one immense mass. 

How the front line or first row of ice fragments 
were formed and cemented in so short a time into an 
entire barrier extending from one to the other bank 
of the river is hard to say. It has been suggested 
that a sheet of ice of irregular and angular shape, 
floating at some speed and coming in contact with a 
stationary obstacle, will naturally derive from the 
blow it receives at one of its extremities a violent 
rotary motion. If, as often happens, the shock has 
caused the sheet to deviate from its horizontal 
position, the immediate effect of the rotary motion 
is to carry it under water fora short period. The 
sheet is at this moment inclined, although generally 
atasmall angle. If this takes place, it is said, in 
shallow water it may well be supposed that the 
fragment of ice will strike and partially bury itself 
in the sand, This appears reasonable enough in an 
isolated case, nor is it necessary to suppose that this 
took place in many points simultaneously, It is 
soehdiiis that as fragments came in contact with a 
growing obstacle, they were either thrown over or 
violently impeded underneath. Those that passed 
below may, in many cases, have attained the sand 
and contributed to strengthen the forming barrier. 
Although we duly admit that the shallow portion of 
the river was the first cause of the stoppage, we are 
also of opinion that the low temperature observed 
during the memorable night was a great and all- 
powerful agent. By its means the sheets, as they 
came in contact with each other, were rapidly 
cemented, and the stoppage was thus widened and 
enlarged, until it attained the two banks of the 
Loire. 

This rapid formation of the Saumur glacier 
shows clearly that important changes may most 
unexpectedly and quickly take place at the earth’s 
surface, without leaving record of any kind as to 
their causes. Had the Saumur stoppage. been left 
to do its work of destruction, and had the weather 
been unfavourable, the Loire might have changed its 
course for miles and never returned to its primitive 
bed. As the season advanced the ice would dis- 
appear, and no apparent cause remain for a change 
of such magnitude, Geologists may perhaps be 
able to mention instances where phenomena of this 
description have strongly contributed to alter the 
régime of great rivers. 








Lonpon ASSOCIATION OF FOREMEN ENGINEERS AND 
DrauGutsmMEeNn.—At the meeting to be held on Saturda 
the 6th inst. (to-morrow) at 8 p.m., Mr. William May will 
read a paper, copiously illustrated with diagrams, on ‘‘ The 
Best Means of Communication between the Two Banks of 
the Thames below London Bridge.’’ Mr. Newton will 
occapy the chair, and non-members are invited to be present 
and to share in the ensuing discussion. 





TANK LOCOMOTIVE. 

We publish this week a two-page engraving giving 
general views of a tank locomotive for the National 
Railway of Switzerland, constructed at the Swiss Loco- 
motive and Engine Works from the designs of Mr. 
Charles Brown, the managing director. The engine is of 
a type which has done good service and which possesses 
several features of special interest; we shall, however, 
postpone our detailed description of it until the appear- 
ance of further engravings, which we shall probably 
publish next week. 


CONTINUOUS GIRDERS. 
To THE EDITOR oF ENGINEERING. 

Srr,—Mr. Herbert Barfield seems to have a very low 
opinion of the knowledge of your readers if he thinks that 
his letter about ‘‘ Continuous Girders’’ will be interesting 
to them. To tell them that in the polygon of moments 
the vertical distances between the closing line and the 
opposite sides represent the moments—and he tells them 
nothing else—is quite superfluous, for they all know that. 

What some of your readers do not know, is where to 
draw the closing line, or how to find the moments over the 
piers, and that he does not tell them. 

I am, Sir, your obedient servant, 
A. SCHLUTER. 

3, Westminster Chambers, Victoria-street, March 2, 1880. 


“A HYDRAULIC NOVELTY.” 
To THE EDITOR OF ENGINEERING. 
Srr,—Referring to the letters of your novel correspon- 
‘ 2 
dent ; a on the above subject, it will be seen that the 
g 
apparatus represented by Fig. 3, page 167, is a combina- 
tion not like that represented in Fig. 2, but like that re- 
presented by the tube f in Fig. 1, which represents the 
combined action of the tubes aand 6. This is proved in 
the following manner : 

Let the month of the tube d descend from the top to the 
bottom of the tube c. At the top, the water there being in 
a state of tension, the water in d will be represented by b 
in Fig. 1; whilst at the bottom, the water there being in a 
state of pressure, the water in d will be represented by a 
in Fig. 1; whilst in the middle of c the mean of these 
“7% will be obtained, viz., that represented by the 
tube f. 


March 3, 1880. 


THE PRESENT STATE OF THE PROFESSION 
OF A CIVIL ENGINEER. 
To THE EDITOR OF ENGINEERING. 

Srr,—Some of your correspondents seem to be writing 
rather wildly about the “‘ Present State of the Profession 
of a Civil Engineer.” 

I do not concern myself about what ie may choose to 
think constitutes a civil engineer; but when they blame 
the Council of the Institution of Civil Engineers for 
admitting contractors into that body, it may fairly be 
pointed out that the Charter of that Institution says that 
its object is ‘‘ the advancement of mechanical science, and 
more particularly the promotion of that species of know- 
ledge that constitutes the profession of a civil engineer.’’ 
Nothing is said here about contractors or no contractors ; 
but solely about the promotion and acquisition of a certain 
kind of knowledge. 

Mechanical engineers have been members of the Institu- 
tion from the very beginning, and were then, as most of 
them are now, “‘ contractors.” 

How the Institution is more effectually to promote 
** mechanical science’ by excluding from its y me- 
chanical engineers is a mystery yet to be solved. I fear 
your correspondent who proposed such a doctrine is under 
the delusion that the Institution was formed in order to 
create a ‘‘ profession’’ of civil engineering. No countenance 
is given to such an idea in the Charter. 

I am your obedient servant, 

February 28, 1880. D 














I am, Sir, yours truly, 
Apo. 














THE TAY BRIDGE, 
To THE EDITOR OF ENGINEERING. 

Srr,— Pending the inquiry now going on as to the causes 
of failure of the Tay Bridge, it may perhaps interest your 
readers and the commissioners to revert to a somewhat 
similar accident that occurred to the Grand River Viaduct 
of the Mauritius Railway during the terrific hurricane of 
March, 1868, when two out of the five spans of the tubular 
girder were actually blown off the cast-iron columns, and 
broken into three pieces in the bed of the ravine. 

This viaduct, constructed in 1863, had a total length of 
620 ft., divided into five spans of 116 ft. in the clear. The 
girder, 8 ft. deep by 7in. breadth, carried a single line of 
rail on the top, was open at the bottom, and the two sides 
were braced together inside with strong diagonal braces. 
It was — on cast-iron columns 10 ft. in diameter, 
116 ft. in height, filled with lime concrete, and two of these 
columns or cylinders placed 3 ft. 6 in. apart formed a pier. 
They were bedded at the base in about 15 ft. of masonry, 
and connected at the top by aniron bedplate 23} ft. long by 
10ft. wide, and 18in. thick, covering both cylinders. The 
girder, which rested on expansion rollers bedded in these 
plates, was of one continuous length over the three spans of 
the north side, and of one length over the two spans of the 
south side abutting on the south bank abutment, which 
was in masonry. The total weight of the superstructure 
was 560 tons, or 112 tons per span, and nearly 18 cwt. per 
foot span. : : 

During this hurricane, and fortunately without any train 
on at the time, the two continuous spans of girder abutting 
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on the south side of the river were lifted, and blown clean 
off the two iron piers, carrying away part of the masonry 
in the abutment, but in no way injuring the iron cylinders, 
which may be said to have hardly moved, as the joint at 
the base with the masonry was nearly as perfect as the 
day it was made. 

The peas of the wind during this hurricane was esti- 
mated by Dr. Meldrum of the Mauritius Observatory to be 
50 lb. per square foot, and the barometer fell as low as 
28.813. During the hurricane of 1861 the maximum force 
of wind as measured by anemometer was 451b. and the 
barometer fell to 29.041. 

I very much doubt whether anything so severe as this 
hurricane of 1868 was ever experienced in Europe ; it blew 
half the stations on the line to pieces, and caused a damage 
of about 100,0001. to the Mauritius railways. 

The cause of the Mauritius disaster may be more espe- 
cially attributed to the lifting as well as the pushing power 
of the wind, coming as it did up a deep ravine close to the 
sea coast, and probably bearing on the inside of the girder 
as on ap inverted open box. 

As a paper on the Grand River Viaduct was read at the 
Institute of Civil Engineers in either 1865 or 1866 (I am not 
quite sure), any further information as to its construction 
can easily be obtained by consulting the Minutes of Pro- 
ceedings of the Institute. 

I remain, yours truly, 
F. TARGET, 
Engineer, Kingston and Liguame 
Water Works. 

P.S.—During the same hurricane an open third-class 
carriage, stationary in the plain Lauzun, was blown off the 
rails and overturned. 

Jamaica, February 6, 1880. 








THE RELATION OF POWER AND SPEED 
IN STEAMSHIPS. 
To THE EDITOR OF ENGINEERING. 
Sr1r,—Would Mr. Robert Mansel kindly explain to me 
what is the precise meaning of the expression ‘‘ retrograde 
speed of the screw,’’ of which he makes use at page 166 of 
last week’s ENGINEERING ? . 
I an, Sir, your obedient servant, 
March 2, 1880. 








THE PALLISER GUN EXPERIMENTS. 

On Wednesday, at the works of Messrs. Eastons and Ander- 
son, Erith Marshes, and in presence of a large and distin- 
guished company, Sir William Palliser, assisted by Captain 
Edward Palliser, made some important experiments with a 
view of ascertaining the ultimate strength of a gun lined 
with a coiled barrel, 7 in. in bore, and barely 3in. thick. In 
point of fact, the experiments were intended to contrast 
the action of coiled wrought-iron tubing in guns, under ex- 
ceptionally heavy charges, with the steel-lined guns of the 
Woolwich pattern—the Thunderer 38-ton gun and the 38- 
ton gun lately burst at Woolwich being examples of the 
weapons against which Sir W. Palliser contrasts his system. 
There were present the attachés of the Russian, German, 
Austrian, and American Embassies, Lord Wharncliffe, Lord 
C. Beresford, M.P., General Gordon, C.B., General Phil- 
potts, Admiral Boys, Admiral Hamilton, General Turner, 
C.B., R.A., Colonel Maitland, R.A., Colonel Owen, R.A., 
Mr. John Palliser, G.C.M.G., and Major Down. 

The gun with which it was proposed to make the experi- 
ments was a weapon which hasa history. It wasa 10-in. 
cast-iron gun of 84 cwt. which served in the Crimea, and 
received a bruise on the side from a Russian shell and grape- 
shot indentations at the muzzle. It was proved at Wool- 
wich in 1839, served on the Hydra from 1847, and was 
employed throughout the siege of Sebastopol. Returned 
to Woolwich in 1856, it was sold to Sir William Palliser in 
1866, and by him converted into a 7-in. rifled gun of 
95 ewt-, after being variously used to try experiments with 
the steel lining. The steel lining having burst, Sir William 
Palliser has given the gun three tubes of coiled wrought 
iron—the first, that carrying the rifling, being # in., the 
second the same, and the third 14 in.—the whole en- 
cased in the cast-iron shell of the old gun. The gun was 
in a cell on the marshes, with her muzzle pointed into a 
mound of earth built round with boards. Provision had 
been made for the recoil by placing an incline behind 
the gun, up which her carriage would slide, and so 
utilise her weight for easing her down to the firing point, a 
spring buffer being placed at the top of the incline to re- 
ceive what unexpended force might remain when the recoil 
had carried the weapon so far. 

As the gun is one-eighth of the weight of the 38-ton gun, 
it was proposed to commence the trials with the propor- 
tional double charge which burst the 38-ton gun at Wool- 
wich. The gun was loaded with a rear charge of 13 Ib. 12 oz. 
of pebble powder and an 88 lb. “‘ Palliser’ shaped shot, and 
a front charge upon that of 10]lb. 100z. of powder and a 
75-Ib. shot—the whole double charge taking up about a 
third of the barrel’s length. The charge was fired with 
a friction tube, and the only result was to send the timber- 
work flying. The bore was tested, but there was no per- 
ceptible giving of the metal. ‘The second round consisted 
of 161b. of powder and a 100-lb. shot for the rear charge, 
with 11]b. of powder and an 85-lb. shot for the front 
charge. There was more disturbance of the mound, but 
no great change in the bore of the gun; though the charge 
was much greater in Ee rtion to that which burst the 
38-ton gun. The third round consisted of 18 lb. of 
powder in the rear charge and a 100-lb. shot, with 12 Ib. 
of powder andan £5l]b. shot for the front charge. The 
result of this was to throw the breech of the gun up on to 
the roof of the cell ; but still the metal had sustained no 
fracture. The charges of powder for the next round were 
increased to 20 Ib. for the rear charge and 13]b. for the 
front, the projectiles being again 100]b. and 85lb. Sand- 





bags were placed behind at the top of the incline to take 
the unspent recoil, and the gun was again found uninjured, 
with but little change in her bore. In the fifth round the 
charges of powder were increased to 22lb. and 14]b., and 
the charges together occupied rather more than half the 
tube. When the gun was fired the concussion was so great 


that the built-up hoardings around were blown out, and A 


when the gun was viewed in its dark cell by the light of a 
candle it was apparently uninjured. The borecould not be 
tested from the fact that the cell was blocked up by the 
fallen timbers. 

There were no pressure gauges placed inside the gun—a 
fact which was regretted by some members of the Govern- 
ment Sapeceental Committee present, the absence of the 
gauges preventing accurate estimites being obtained as to 
the actual pressure of the chargzs ; but the facts respecting 
the bearing qualities of wrought iron were plainly Semen” 
strated.— Times. 








NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Glasgow Pig-fron Market.—Flatness was again the rule 
in the warrant market last Thursday, and prices were 
easier and closed 6d. per ton under those of the previous 
day. The forenoon transactions were done at from 66s. 6d. 
to 66s. 14d. cash, and thence back to 66s. 6d., and from 67s. 
to 66s. 7id. and 66s. 103d. one month, the market closing with 
buyers at 66s. 14d. cash and 66s. 73d. one month, and sellers 
asking 14d. per ton more. In the afternoon the quotations 
ranged from 66s. 3d. to 65s. 103d. cash, and from 66s. 9d. 
down to 66s. 3d. one month, and at the close sellers were ask- 
ing 66s. cash and 66s. 6d. one month, buyers,offering 14d. 
less. The warrant market was also backward on Friday, 
and prices showed a further decline to the extent of 10}d. 
per ton over the day’s transactions. Over the week there 
was a decline of 2s. 7}d., which, with a decline of 2s. 4}d. 
on the previous week, made a fall of 5s. per ton within a 
fortnight. Business opened in the morning at 65s. 74d. cash, 
prices then receding to 65s. cash, and from 66s. to .65s. 9d. 
one month, and the market closed with buyers at 65s. 14d. 
cash and 65s. 74d. one month, and sellers 14d. over. The 
afternoon prices were from 65s. 3d. to 65s. 1d. cash and 
from 65s. 9d. to 65s. 74d. one month, and at the close 
buyers offered 65s. and 65s. 6d. cash and one month re- 
spectively, sellers holding out for 14d. per tonhigher. The 
market showed continued dulness on Monday, and there 
was rather a smart fall in prices, to the extent of 1s. 9d. 
per ton from last week’s close, and after hours 6d. further 
down was accepted. There were transactions during the 
forenoon at from 64s. 74d. to 64s. lid. cash, and from 
65s. 3d. to 64s. 6d. one month, the market closing with 
sellers at 64s. 3d. cash and 64s. 9d. one month, and buyers 
offering lid. less. The quotations in the afternoon ranged 
from 64s. 3d. to 63s. 3d. cash and from 64s. 9d. to 64s. one 
month, the close being, sellers at 68s. 43d. cash and 64s. 
one month, and buyers 14d. less. The market was very 
steady at the opening yesterday, 63s. 3d. cash being the first 
transaction. There was subsequently an improvement to 
64s. 3d. cash paid, the price receding to 64s., and then 
becoming firm up to 64s. 44d. cash paid at the close. A 
firmer tone was displayed in the opening in the afternoon. 
Business was done up to 65s. one month and 64s. 44d. cash, 
but the price afterwards receded to 63s. 10}d. cash and 
64s. 3d. one month, closing with sellers at 63s. 10}d. cash 
and buyers at 64s. 3d. one month. The market was very 
steady at the opening to-day, prices in the forenoon 
64s. 4¢d. to 64s. 6d. cash paid, improving to 648. 9d. and 
64s. 10}d. various prompts, 65s. fourteen days, and 65s. 3d. 
one month, then receding to 63s. 44d. cash accepted at the 
close. The afternoon market opened firm, 63s. 44d. to63s. 9d. 
cash, 64s. to 64s. 3d. one month, receding quickly to 
62s. lls. cash and 63s. 6d. one month, when it was 
announced that Messrs. William Baird and Co.’s prices 
were reduced to 75s. for No. 1 and 66s. for No. 3 
Gartsherrie, and 70s. for No. 1 and 63s. for No. 3 
Eglinton. Warrants closed 63s. cash perhaps sellers. 
On the whole it must be said that the feeling which pervades 
the market is one of depression. ‘The principal cause of 
the decline in prices is the continued flatness in the 
American market, prices there being for the present very 
much lower than can be taken by merchants who have to 
buy on this side. The dealers in the States seem to be 
inclined to get rid of the stocks which have for some time 
been accumulating in their seaboard stores ; and itis evident 
that the enormous production in this country will, withouta 
speedy revival of the American demand, bear down prices 
to a low level. As yet, very little spring business has 
been done with the Continent. Some reductions in the 
price of makers’ iron were made last week, but most of 
the brands could be bought at the end of the week from 
holders at from 5s. to 5s. 6d. per ton under the makers’ 


quotations. There has been a considerable amount of 
business done in No. 83 pig iron to take the. place of 
Middlesbrough iron for delivery into Scotland. It seems 


that there is still a large amount of pig iron purchased and 
waiting to be shipped to the leading United States ports, 
for which the freightage rates are at present rather easier 
than they were. Ton week’s shipments from all Scotch 
ports amounted to 12,603 tons. as compared with 8318 tons 
in the corresponding week of last year. The stock at the 
end of last week in Messrs. Connal and Co.’s public warrant 
storesstood at 444,177 tons, showing an increase for the week 
of 338 tons. No change falls to be noticed in the number 
of blast furnaces in operation, the total still being 111 as 
against 89 a year ago. 

The Manufactured Iron Trade.—Although not ma- 
terially changed, the general tone of this branch of trade 
is towards quietness. ‘This lull is likely to have a salutary 
effect upon legitimate business, as it assists to check the 
reckless spirit of speculation which was becoming rampant 
in the Glasgow market. The rolling mills are kept ac- 
tively employed, and the falling of prices in the pig-iron 





market induces buyers to hold off in the /hope-that prices 
will thereby be influenced in their favour.’ ke 

Foreign Ezports,—In the e- shipping returns _re- 
ported last week, there were i nded, the followihg : Ma- 
nufactured irons, yalued at 16,4001., sent to Sydney, Born- 
bay, Buenos Ayres, Oporto, New York, Surinam, and 
ntwerp ; locomotives, 11,500l., for Bombay ; cast-iron 
pipes, 1594 tons, 88181., for Rio de Janeiro ; sewing’ ma- 
chines, 46781., for Bordeaux and Antwerp.’ °° 

Forth Bridge Railway Company.—The. ordinary half- 
yearly meeting of this company was held repos 
British Railway Company’s offices, Edinburgh, on Satur- 
day. Mr. Stirling, of Kippendavie, chairman of the com- 
pany, presided. r. Wi » Secretary, having read the 
advertisement calling the meeting, the report, which had 
been circulated amongst the shareholders, was held as 
read. The chairman, in moving the adoption of the report, 
said he was glad to think that the Forth Bridge was now 
fairly under way, and that they had got the whole of their 
capital subscribed, and 150,0001. invested, so as to secure 
interest during the time the contractors were constructing 
the works. The Forth Bridge was a very different etruc- 
ture from the one over the Tay, to which so lamentable a 
disaster had occurred. The latter was a girder bridgo 
carrying only a single line of rails. This was to be a girder 
and suspension bridge combined, carrying a double line of 
rails, with a space of not less than 100 ft. between the 
lines, which would make, of course, pid se care difference 
in the amount of vibration and la’ stability of the 
bridge. But, as a matter of precaution, before proceeding 
with the works they were to ask some eminent engineers to 
report again on the fabric. They were also waiting to see 
the result of the investigation ing the Tay Bridge, 
as by that they might get some hints that would enable 
them to suggest improvements on the Forth Bridge. At 
all events, they would have such information as would 
assure them that the plans were in all respects satisfactory. 
Mr. Cox, Dandee, ded the motion of the chairman. 
and the report was adopted. In connexion with the Forth 
Bridge I may mention that Messrs. Arrol and Co., the 
contractors, formally commenced operations at South 
Queensferry on Monday. The turf was cnt by Mr. 
Brownhill, Inverkeithing, and the first barrowful was 
wheeled away and ‘‘ tipped’’ by Miss Baxter of Newhalls. 
After the ceremony, Mr. Brownhill made a few appropriate 
remarks, in which he spoke of the vast extent and im- 
portance of the undertaking. Preliminary operations have 
also been commenced at Inverkeithing, on the north side 
of the Forth, where the contractors have been fortunate 
in finding an immense deposit of splendid clay, which will 
forthwith be turned to account in making bricks upon an 
extensive scale. 

Royal Society of Edinburgh.—An ordinary meeting of 
this society was held on Mon beasaewen Professor Geikie 
occupying the chair, in the absence of Lord Moncreiff, 
president of the society. Sir Wm. Thomson gave an outline 
of a paper which he had prepared for the ‘‘ Encyclopedia 
Britannica,”’ dealing with ‘‘ Steam Pressure Thermometers 
of Sulphurous Acid, Water, and Mercury,’’ which, he ex- 
plained, was a manometric system of thermometry, as dis- 
tinguished from the present volumetric system. The paper 
was illustrated by a series of experiments. Sir Wm. 
Thomson next submitted a communication ‘‘ On a Sulphu- 
rous Acid Cryophorus;’’ after which he laid on the table 
of the society an elaborate paper ‘‘ On Vibrations of a 
Columnar Vortex,’’ which the author mentioned embodied 
definite results w 
spoken indefinitely. Sir William Thomson: received the 
thanks of the society for his various commuhications. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippLesBRouenH, Wednesday. 

The Cleveland Fron Market.—Y¥csterday there was not 
such a large attendance on ’Change as. usual at Middles- 
brough, and business was flat, Within tho past few days 
the quotations of Scotch iron have been declining and the 
bearing operations in Glasgow have had some effect upon 
Cleveland, but much less than usual. No. 3 Cleveland 
was a shade weaker yesterday, being quoted 6ls. 6d. 
per ton. Merchants who have places of business in both 
Glasgow and Middlesbrough have done their best to bear 
the two markets, but their efforts on Tees-side have been 
very feeble in consequence of the genuine demand for pig 
iron. During the month of February the shipments of pig 
iron from the port of Middlesbrough amounted to 72,000 
tons, and at present there is greater activity in the river 
and the docks than there has been for many years. ‘There 
is every prospect of many months of good trade, 


The Make and Disposal of Pig Iron.—To-day the Cleve- 
land Ironmasters’ Association have issued their returns for 
the month of Februa: From these itappears that of the 
165 blast furnaces, 103 are in operation, and 62 out of blast. 
cane ear at this time there were only 88 in operation and 

7 idle. 

The Finished Iron Trade.—There are further signs of 
improvement in the finished iron trade, although prices 
remain about the same as those of last week. Several of 
the schemes for reconstructing works on Tees-side are now 
complete, and works which have been idle for a long time 
are being recommenced. 

The Coal and Coke Trades.—The sectional strike of 
Messrs. Boleckow, Vaughan, and Co’s. Durham cokemen 
has terminated, the company refusing to comply with the 
demands of the men, With the aid of some fresh hands 
and a great portion of the old bands returning to work, the 
whole of the ovens.are now in operation. Coke is quoted 
16s. 6d. to 17s. 6d. per ton delivered in the Middlesbrough 
district. Manufacturing are infair demand. Best 
steam coal is 8s. 6d. per ton. There is no change in house- 
hold coal. 
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BLAKE’S GAUGE GLASS FITTINGS. 

We subjoin an engraving of an arrangement of gauge 
glass fittings which has been lately brought out by Mr. 
John Blake, of the Oxford-street Works, Accrington. 
The object of the arrangement is to keep the water in 
the glass tube and the bottom gauge cock clean, and 
this is effected by the use of the cylindrical copper vessel 
shown attached to the top gauge cock. This vessel is 
supplied with steam direct from the boiler through the 
upper cock, and the vessel being exposed to the atmo- 
sphere, condenses the steam, causing a constant flow of 














pure water down into the gauge glass and bottom cock, 


and so preventing the entrance of dirty water from the | }, 


boiler, excepting at the time the blow-out tap at the 
bottom is opened. After the blow-out tap is closed, any 
dirt that may have entered the bottom gauge cock settles 
in the dirt box shown, and this is immediately ejected 
the next time the blow-out tap is opened. Every time 
the blow-out tap is opened, the glass tube becomes 
charged with water direct from the boiler, thus showing 
whether the water is dirty or clean. The arrangement 
is a very neat one, and we see no reason why it should 
not answer well, 








Socrery or Enornerrs.—The second ordinary meetin 
of the Society of Engineers for the present year was hel 
on Monday evening in the Society's hall, 6, Westminster 
Chambers, Victoria-street. At the conclusion of the ordi- 
nary routine business a paper on ‘‘ The Utilisation of Coal 
Slack in the Manufacture of Coke tor Smelting,’’ by Mr. G. 
M. Ward, was read. In commencing his subject, Mr. 
Ward referred to the very little attention paid to the puri- 
fication of coal in the early days of coking. The advance 
of science had caused considerable attention in recent years 
to be paid to the production of a pure, dense, strong coke. 
Much skill and ingenuity had been applied to the construc- 
tion cf machines for the efficient separation of solid im- 
purities from the slack prior to its being coked. The 
author then went on to show the deleterious effect of shale 

rites, sulphate of calcium, and sulphate of barium, 

orming sulphur pyrites in the coal on ihe production of a 
good yield of strong coke. The shale pyrites created a 
large amount of ash, whilst sulphurons coke caused iron to 
turn white and brittle, a continuous use of this kind of 
coke under boilers caused the iron plating to deteriorate 
very rapidly. A high and even temperature was necessary 
in an oven to produce a first-class coke. Mr. Ward then 
referred to illustrations of Sheppard’scoal-washing mavhine, 
explaining in complete detail the method of purifying the 
slack by washing ; illustrations of machines for brushing 
and screening coal, and of various types of ovens with the 
different advantages sed by each. The writer ex- 


hibited samples of washed and unwashed coal, alo a sample 
of rubbish separated from coal similar to the unwashed 
me. A good di 

close. 


discussion brought the proceedings to a 








PLATE-EDGE PLANING MACHINE. 


CONSTRUCTED BY MR. W. ASQUITH, ENGINEER, HALIFAX. 
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WE annex a perspective view of a large plate-edge 
planing machine, constructed by Mr. William Asquith, 
of the Highroad Well Works, Halifax, a special feature 
in the machine being the arrangement of tool-holder, of 
which a detail view is also given. As will be seen from 
our illustration, the machine framing is of such form as 
to allow of a plate of any length being held, while the 
machine will plane 12 ft. in length at one cut, and will cut 
both ways. In ordinary plate-edge planing machines 
special tools are required for cutting plates with bevel 
edges, but in that we now illustrate the same tool serves 
for either square or bevel edges, the tool-holder being 
arranged so that the tool may be tilted to any desired 
angle, as shown. The arrangement, which will readily 
be understood from our engravings, is a very handy one, 
and the whole machine is a good example of its class. 
The weight is about 7 tons. 


NOTES FROM THE SOUTH-WEST. 

Blaina.—The poy in of a blast furnace by the 
Blaina Blast Furnace Company took place on Monday in 
the presence of Mr. T. Griffiths, the engineer to the 
company, and Mr. W. Thomas, the future manager. 
Trade i in general looks much brighter than for a long time. 
Messrs. Lancaster’s pits are in full swing ; the Tin-plate 
Company are now working five mills ; and in another week 
several puddling furnaces will be started. One of the 
last furnaces recently taken by Messrs. Spence and Co. 
was lighted up on Monday and commenced work. Ina 
few weeks the Lion Mill, Nantyglo, will be actively engaged 
in manufacturing tin. 

Treforest.—On Saturday the erection of a large new blast 
furnace was commenced at the Treforest Steel and Iron 
Works. It will be the largest in the principality. 

Swansea.—Iron remains firm, especially as regards crude 
descriptions. The imports of iron ore have considerably 
diminished. Most of the principal ironmasters hold large 
stocks, which will suffice to meet their requirements for 
some time to come. Some have bought more than they 
can store away at their own works. This has the effect of 
utilising some of the wharves on the quay of the South 
Dock. The local works are all in full swing, turning out 
nearly as much iron as they ever did in the best of times. 
Steel is in ter request, particularly on American, Aus- 
tralian, and French account. The principal feature in the 
steam coal trade of the past week has been its extreme 
dulness. This is attributable to the scarcity of tonnage, 
owing, in some degree, to boisterous weather. Orders 
cannot be said to plentiful, and prices, which a few 
weeks back exhibited a little firmness, and in some in- 
stances an actual improvement, have fallen back to their 
old figures. The patent fuel trade is also dull. The local 
works are accumulating large stocks, waiting the arrival of 
steamers. 

The Forest of Dean.—There is a continued complaint of 
inactivity in the coal trade. There has not been a general 
reduction in the wages of colliers, a few firms only having 
given notice; but it has been intimated that notices in- 
volving a 5 per cent. reduction will be posted at Lightmoor, 
Trafalgar, and Fore’s Bridge Collieries. The tandou 
branches continue active. 

The Severn Tunnel.—Another shaft is about to be sunk 
between Portskewett and the Caldicot Marsh shaft, to 
get the water out of the flooded Severn Tunnel works. 


Bristol Port and Channel Dock. —The total en- 
tering this dock in 1879 was 194,525 tons, as com with 
3u tons in 1878, and 40,006 tons in 1877. The engineer 
(Mr. J. Brunlees) reports: ‘‘ During the last twelve 
months consi additions have been made to the ware- 
house accommodation, and further additions are in active 
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rogress to meet the growing demands of the traffic. The 
bon new travelling elevator is now completed, and this, 
together with the other two to be erected on the east side 
of the dock, will not only facilitate, but greatly reduce the 
cost of, handling the grain. The jetty on the eastern side 
of the lock entrance has been completed, and it is found to be 
of great service to vessels entering and leaving the lock.” 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Scarborough odes Keats arn has been decided to give 
the population residing on the South Cliff, at Scarborough, 
a readier means of access to the town, and for this purpose 
important alterations are to be made to the existing bridge. 
The plans of Mr. Shields, the engineer, have been accepted, 
and the contract for the work has been accepted by Mr. 
Cameron, of Leeds. 


The New Hull and Barnsley Railway.—Some twenty- 
four petitions against this proposed railway have been 
lod in the House, but on analysing them they are not 
so formidable as would at first be anticipated. The Hull 
Corporation, for instance, though warmly espousing the 
scheme, petition against one or two streets being interfered 
with. The promoters are receiving most extensive support 
throughout the district, and are confident of success with 
some modifications of their scheme. 


Coal Owners and their Accommodation.—The real reason 
for the making of the new pospenes railway through 
South Yorkshire to Hull, is that the mineral traffic is 
suffering from inadequate accommodation. The North 
Eastern Railway in their —- to Parliament against 
the Bill, however, say ‘‘there is no traffic to justify or 
remunerate another line in the direction of that proposed.” 


The Heavy Trades.—The iron and steel trades at the 
present time are unusually sensible to any market opera- 
tions; but this week though a downward movement in 
rates was threatened, these have been upheld, and there 
have been such extensive purchases of best Bessemer ingots 
that 11/. per ton is demanded on short delivery, and con- 
verters will not pledge themselves forward at that quota- 
tion. The engineering trades are improving, and there is 
scarcely a firm in the town which is not finding its hands 
full employment. 

















MovuntTAIN Batrertizes.—A complete battery of six guns 
on a novel principle has just been completed at the Royal 
Gun Factories, and will be issued for service. They are 
called ‘‘ mountain guns,’’ but instead of weighing merely 
2001b., like the ‘‘mountain guns” used in Abyssinia and 
Zululand, they will be 400 lb. apiece. As, however, an 
essential condition of mountain artillery is that every part 
of it shall be carried on the backs of mules, these guns are 
made in two pieces, screwing together like the sections of a 
fishing-rod, and strengthened at the joint by a third piece 
in the shape of a ring or collar. The breech end of the 
gun, when disjointed, weighs 2001b., and the barrel, with 
collar, amounts to about the same weight, which is regarded 
as a fair burden fora mule over hilly country. These guns 
are of the small calibre adapted for 7-pounder projectiles, 
but their great length and weight should enable them todo 
much more effective work. 


Lonpon Water Suprpiy.—On Wednesday last Mr. 
Cross introduced into the House of Commons a Bill to 
make further provision for the supply of water to the 
metropolis and its adjoining populous places. We shall 
reserve for another opportunity a full analysis of the 
measure. Mr. Cross first drew attention to the present 
state of the water supply, and pointed out several defects 
of the system, showing that by a sole supplying authority 
the existing evils would in most respects be remedied. He 
considered that the best way of arriving at a satisfactory 
conclusion would be that of the present companies sur- 
rendering the powers they possess, under the several Acts 
of Parliament, to some central body, who would have 
absolute control over the entire water supply of London. 
Mr. Cross then alluded to the difficulty of settling with the 
Ee. and decided that to act compulsorily with them 
would be out of the question. He then stated what had 
been done by way of negotiation with the existing com- 

ies, and the result was that he proposed to establish a 
ater Tres which should become bs 3 ~ pro- 
ies of the existing companies, except certain ong- 
Detethe New River Company, which did not specially relate 
to water supply. He proposed to create a 34 per cent. 
stock which the companies should take in place of the 
value of their undertaking. After entering into other 
, he stated his intention of submitting the question 

to a committee of the House. 
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BOILER EXPLOSIONS IN 1879. 


WE give below the report on the boiler explosions 
of 1879 just issued by Mr. E. B. Marten, the chief 
engineer of the Midland Boiler Inspection and In- 
surance Company, through whose courtesy we are 
also enabled to annex the sketches by which the re- 
port is illustrated. The data which Mr, Marten 
has collected compare, we are glad to say, very 
favourably with those of previous years, as a glance 
at the subjoined Table will show. Thus we find 
that for the last seven years the numbers of boiler 
explosions, &c,,{recorded have been as follows : 


Number of Number of 
Number of 
Year. Explosions. Fersons Tojened, 
1873 78 57 85 
1874 76 77 198 
1875 68 81 142 
1876 39 93 110 
1877 44 54 75 
1878 46 47 84 
1879 30 38 53 


In considering these figures, it must be borne in 
mind that during the past few years there has been 
going on a steady increase in the number of boilers 
employed in this country, so that the fall in the per- 
centage of explosions has been even more decided 
than the decrease in theactual number. Altogether 
the data appear to show that the various inspection 
companies are doing good service, and with the 
extension of inspection and the dissemination 
amongst boiler owners of a better knowledge of 
their duties, aided by an enforcement of their 
liabilities, we may expect still greater improvement. 
Mr. Marten’s report is as follows : 

During the year 1879, records were obtained of 30 boiler 
explosions, causing the death of 38 and the injury of 53 
persons. 

Of the 91 persons killed or injured, 3 were owners or 
managers ; 28 enginemen or stokers ; 53 men employed on 
the works ; 1 woman and 3 men, strangers who happened 
to be near ; and 3 not ascertained. 

Slight particulars are given, in the form of an appendix, 
of 17 accidents connected with steam apparatus, and not 
faicty included in the list of boiler explosions, which caused 
the death of 6 and the injury of 35 persons. 








Fie. 10. 

The Exploded Boilers were used for the following 

Purposes ; 
No. Kd. In. 
Iron works... ain ove See 6 15 ll 
arine ... ion eco 4 6 0 
Mills, various ... 8 9 21 
Collieries Ss 2s 8 
Railways s 2 ¢ 
Farmin ee ne ee. . = = 
Hay and straw ove eee . = 2 
Saw mill nde ene s 2 4 
Canal boat ; 2 2 
Chemical ooo as 10 8 
Hoisting on board ship . = 2 
Mineral water works aa ove 2; @ F 
Cabinet works... ; ‘ 6 s; eS 
Total 30 38 53 


The causes of explosion are arranged under the following 
, as in former years : 
A. Faults of Construction which may be Prevented by 
Inspection before Starting or after Repair. 
No. Kd. In. No. Kd. In. 


Bad construction or 
material ak 7% 
Bad repair... ese 2: 2 
—— 5 14 6 
B. Faults only to be Detected by Inspection. 
External corrosion 8 8 10 
Internal corrosion ... 7 


7 F 
-—— 15 15 17 
C. Faults which could be Prevented by Attendants. 








Shortness of water ... 4 2 12 
Over pressure ... te 5 7 18 
9 9 30 
Not ascertained ove a Sy 
Total ons ide .. 80 88 5&8 
The exploded boilers were of the following kinds : 


The causes are stated as in the summary, the general 
heads being indicated by the letters A B C. 

Cornish or Lancashire. 
No.Kd.In.No.Kd.In.No.Kd.In. 
B External corrosion... 4 3 2 

Internal corrosion... 1 


C Shortness of water.. 1 1 6 
Over pressure ee 








1879. 





Plain Cylinder. 
No.Kd.In.No.Kd.In.No.Kd.In. 
Bad construction or 
Ad materi saa eo Ma oe 
Bad repair ... s Ff. 4 
——- 8 7 4 
20 4 


B External corrosion... 
Internal corrosion ... 1 


Shortness of water ee 2 


Over pressure oe ee So 
—— 2 5& 
———s8 9 13 
Marine. 
B External corrosion... 1 4 0 
Internal corrosion... 2 2 , i 
—_-_— 0 
Not ascertained i.e -@ 
——4 6 0 
Locomotive and Multitubular. 
eS 1 4 
Internal corrosion... 2 0 a 
cumanmanmnns ie 
C Over pressure :* Se 
——14 38 6 
Vertical. 
‘eS mee iss e. ¢ 4 
Over pressure... ove eas .. 2.33 
——— 4 2 6 
Tubulous. 
A Bad construction sis wo koe 
B Internal corrosion oa: ae Te 
——— 2 2 0 
Return Tube. 
A Bad construction ibs ope a ee 


Total ... ie ai .. 80 88 58 

Althongh the engineer’s annual report to the company 
is presented in August, these records are as usual made up 
to the end of the year. 

The explosions this year are much below the average, 
both in the numbers of explosions and of those killed and 
inj They are of only average interest, the greatest 
number occurring as usual at iron works. 

None of the exploded boilers were under the care of this 


com . 
ag of 1879 confirm the oft-expressed opinion 
that inspection is the best means of preventing explosion 
more than one case during the year showed the need of 
owners ww J — facility for inspection. 

Brief ils of the explosions during the years 1862-3-4-5, 
are attached to these records* to complete the tables since 
this company was established, and at the end will be found a 
complete index of the explosions from 1862 to 1879, and 
also of the chief — of interest in the various pa’ 





which were read before the different institutions, vepuahed 
for binding with them. 
No. 1. January 8th, none injured.—Plain cylinder, 


oval shape, flat ends, 13 ft. long, 2 ft. 11 in. vertical, 3ft. 2in. 
horizontal diameter, ;; in. and # in. plates, 50 lb. pressure. 
The front end was blown out, the boiler itself not being 
moved from its seat. As there were no stays, the drum- 


space compel us to omit these 
d.] 





* [The demands upon our 
supp. 


entary records.—Ep. 
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head action of the ends had caused them to be deeply 
grooved all round. 

No. 2. (See Fig. 1.) January 30th, 2 killed, 3 injured. 
—Plain cylinder, 9 years old, 25 ft. long, 4 ft. diameter, 

in. plates, 35 1b. pressure. The boiler was torn into 
three pieces, the first rupture taking place on the left-hand 
side near the bottom over the fire, where an irregularly 
shaped patch had been placed against a former patch and 
the strength considerably reduced by the old rivet holes 
being strained and cracked. The rent extended across 
two rings of plates and then passed in each direction round 
the boiler, until the two = were separated and spread 
out over a furnace to the right. The front end and one ring 
of plates being thus suddenly liberated were shot to a great 
distance te the front, while the back end was driven back 
through the stack and shopping, into a garden behind. 
The position of the cold feed entering just over the fire 
had aggravated the strain by depositing the scale in the 
hottest place and had led to the need of frequent repair. 

No. 3. February 27th, 2 injured.—Plain cylinder, flat 
ends, 6ft. long, 2 ft. 44 in. diameter, ,4, in. plates, 45 lb. 
pressure. The shell rent open from end to end and opened 
out flat, the ends being blown in opposite directions. The 

lates were generally reduced to } in. thick, and where 
Lomecip resting on the brickwork to yin. 

No. 4. (See Fig. 2.) March 1st, 2 killed, 13 injured. 
—Lancashire, one of four, 16 years old, 23 ft. 6 in. long, 
6 ft. diameter, } in. plates, 50 lb. pressure. Tubes 2 ft. 4 in. 
diameter. The shell rent open from end to end along the 
top through the line of fittings, and was flattened out on 
its seat. The dome was blown a distance of nearly 200 

ards, and fell on the roof of a house, and into the room 
Casati whilst the tubes were thrown forwards, and each 
broken into two pieces. The safety valves of -two of the 
boilers, worked in conjunction with this, had been removed 
and placed on some new boilers, and the three boilers were 
left with only one valve. On the morning of the explosion, 
this valve had been cut off to — of some repairs, fires, 
however, being left under the boilers, so that the pressure 
gradually accumulated until it was more than the boiler 
could bear. 

No. 5. March 15th, none injured.—Plain cylinder, flat 
ends, 4ft. long, 2 ft. diameter, }in. and ,5,; in. plates, 60 1b. 
The back end, which was flanged to the shell, 


pressure. , . 

was blow out. The boiler was quite unfit for steam 

purposes. : ae 
No. 6. (See Fig. 3.) March 19th, 1 killed, 3 injured. 


—Plain cylinder, one of ten, six being thrown from their 
seats, 35{t. long, 5{t. Gin. diameter, jin. plates, 50 Ib. 
pressure. The end boiler on the left-hand side appeared 
to have given way first, the primary rent running along 
the top of the boiler through the line of fittings, and then 
round the boiler in various ways, the boiler being torn into 
no less than thirteen fragments, which were scattered in 
all directions, except to the right. ‘The other five boilers 
all parted at the ring seams of rivets, three of them being 
divided into two nearly equal portions, and the other two 
boilers into three. All these pieces, with one exception— 
two beits of plating, which were thrown to the right—were 
blown either backwards or forwards, one piece to a distance 
of 250 yards. The cause appeared to be most probably 
overpressure, as there were no signs of corrosion or short- 
ness of water. The boiler which first gave way had been 
cleaned on the morning of the explosion, and as it had been 
usual to drive a wooden plug into the outlet to the stop 
valve, it had probably been so used that morning and left 
in after cleaning ; and as the safety valve was on the same 
pipe as the stop valve, there was no escape for the accu- 
mulated pressure, and when the first boiler gave way the 
shock caused the other five boilers to explode also. 

No. 7. April 3rd, none injured.—Cornish, 5ft. 6 in. 
diameter, 201b. pressure. A piece of plate about 2 ft. long 
and 10in. wide, was blown out just above the water line, 
where the plates were greatly reduced by corrosion. 

No. 8. April 7th, 2 injured.—Vertical, 60 lb. pressure. 
Used for hoisting purposes on board ship. The greater 
part of the external shell, with the flue tube, and a part 
of the firebox was blow away into the water, and the re- 
mainder of the firebox, which had collapsed from top to 
bottom, was forced through the deck into the hold below. 
As the outer shell could not be examined, the cause of ex- 
plosion was not ascertained, but it was most probably over- 
p essure. 

No. 9. (See Fig. 4). May 13th, 5 killed, 1 iajured.— 
Plain cylinder, one of three, 3 years old, 30ft. long, 
5 ft. Gin. diameter, din. plates, 601b. pressure. The boiler 
had been repeatedly repaired over the fire, which had been 
necessary from the poor quality of the iron and the great 
strain it was exposed to by the cold feed entering im- 
mediately above. These repairs had been very roughly 
executed, the rivet holes being askew and the plates thereby 
cracked. ‘The boiler gave way at the repaired seams, the 
patches being blown cut in oue piece to the left, and the 
first two rings of plates also thrown to the left, and the front 
end a distance of i70 yards to the front; the remainder of 
the shell was moved backwards about 10 yards, and left 
standing on its back end against the stack. 

No. 10. May 14th, 1 tnjured.—Cornjsh,15 years old, 
16 ft. long, 6ft, diameter, 251b. pressuré. Permission to 
see this boiler was refused by the owner, but information 
was obtained that it had given way at the back end at the 
bottom, over the midfeather wall, where it was reduced by 
external corrosion. The rent extended all along the bottom, 
and the shell opened out. 

No. 11. May 23rd, 1 injured.—Vertical 7 ft. 6 in. high, 
4ft. 7in. diameter, 3 in. plates, 301b. pressure. The crown 
of the firebox collapsed and rent open, owing to overheating 
of the plates from shortness of water. The reaction of the 
issuing contents blew the boiler up to a great height to some 
distance, over a farm-house. 

No. 12. June 16th, 1 killed 6 injured.—Lancashire, 


one of eight, 26 years old, 34ft. long, 7 ft. diameter, ,7; in. 
plates, 501b. pressure. Tubes 2ft. Sin. diameter, 7; in. 





plates. Both tubes completely collapsed and rent asunder 
at several of the ring seams. The shell was broken into 
many pieces, which were scattered in all directions doing 
great damage to the works. As permission to see the boiler 
was refused, the fragments could not be examined. The 
cause was alleged at the inquest to have been overheating 
of the tubes from shortness of water, due to the breaking of 
the blow-off pipe. 

No. 13. June 29th, 4 killed.—Marine, cylindrical multi- 

tubular, 8 years old, 55lb. pressure. A plate at the back 
of the combustion chamber gave way making an opening 
about 7 in. wide, through which the steam and water 
escaped into the stoke-hole. The plate was considerably 
reduced by corrosion, and also further weakened by 
cupped patches being placed over the ends of some of the 
stays. 
No. 14. (See Fig. 5.) July17th, #killed, 5 injured.— 
Cornish, second-hand seven years before, 18 ft. long, 
5 ft. 6in. diameter, } in. plates, 50 lb. pressure. Tube 
3 ft. lin. diameter, ?in. plates. The tube, which was very 
considerably corroded and also unstrengthened in any way, 
collapsed from end to end and was broken into several 
pieces. The first four rings of plates were left in the shell, 
and with it were blown forwards about 35 yards; the re- 
mainder, with half of the back-end plate, being blown back- 
wards about 50 yards. 

No. 15. July 24th, 1 killed.—Tube boiler, tubes 10 ft. 
long, 9in. diameter, 1201b. pressure. A steel socket con- 
necting the vertical and horizontal pipes opened out allow- 
ing the latter to escape, which shot forwards and buried 
itself in the coal opposite, the escaping steam and water 
fatally scalding the fireman. 

No. 16. July 27th, 1 injured.—Cornish, 4 ft. long, 
2ft. 9in. diameter, fin. plates, 32 1b. pressure. Tube 2 ft. 
diameter, } in. plates. A piece of plate, 12in. by 9in. by 
6in., was blown out of the tube where it had been reduced 
to 4 in. by external corrosion, owing to leakage from a 


. August 5th, 1 killed, 2injured.—Plain cylinder, 
about 25 years old, 25ft. 4in. long, 6ft. diameter, }in. 
en The plates over the fire burst open from over- 

eating through shortness of water, The front end was 
blown ont a distance of 20 yards, while the rest of the 
shell was carried a distance of 150 yards in the opposite 
direction. 

No. 18. August 6th, 2 injured.—Plain cylinder, 8 ft. 
6 in. long, 2 ft. 9 in. in diameter, } in. plates, ends # in., 
24 1b. pressure. The boiler gave way near the bottom on 
the left-hand side where tonching the brickwork, and 
where it was reduced by external corrosion, in some places 
to a thickness of ,4,in. The rent extended from end to 
end, the shell opening out flat; the ends being liberated, 
one was blown 160 yards forwards, and the other 18 yards 
backwards, and the shell 12 yards sideways. 

No. 19. August 9th, 1 killed.—Marine, 8 years old, 
41 lb. pressure. A piece of plate 21 in. by 24 in. was 
blown out of the side of the dome. It was found to be 
seriously corroded both inside and out, though chiefly on 
the inside, being only y, in. thick in some places, and much 
too weak to bear the ordinary working pressure. 

No. 20. August 10th, 1 killed.—Marine, 16 years old, 
14 ft. long, 7 ft. diameter, } in. plates, 25 lb. pressure. A 
small piece about 5 in. by 24 in. was blown out of the plate 
beneath the bridge in the centre tube, where it was reduced 
to a thickness of yy in. by internal corrosion, aud where 
the plates had never been examined. 

No. 21. August 16th, none injured.— Locomotive, 
31 years old, 10 ft. 6 in. long, 3 ft. 10 in. diameter, ,% in. 
plates, 120 lb. pressure. Three rings of plates. Boiler 
gave way at the first ring seam beyond the firebox, where 
the plates were reduced by internal corrosion to a depth of 
tin. to4 in. The whole of the centre plates which had 
previously been patched, and the greater portion of the 
plates next the firebox were blown out. 

No. August 3lst, none injured. — Marine. No 
particulars could be obtained as the tug-boat was sunk 
immediately by the force of the explosion. 

No, 23. (See Fig. 6.) September 9th, 2 killed.—Vertical, 
with internal fireplace and annular smokebox, 7 ft. high, 
4 ft. 4$in. diameter, 70 1b. pressure. The boiler had lately 
been repaired and had been tested by hydraulic pressure. 
It was being further tested by steam when it gave way 
from excessive pressure. The outer shell was torn into 
several pieces, which were scattered in all directions, one 
piece being found 210 yards away. 

No. 24. (See Fig. 7.) September 9th, 2 injured.—Lo- 
comotive, 8 years old, 12 ft. 6 in. long, 4 ft. diameter, } in. 
plates, 130 Ib. pressure. The boiler gave way on the right 
side of the firebox where one of the hanging brackets was 
attached to the outer shell, and where, on account of the 
rigidity of the bracket, the plate had been grooved by 
the expansion and contraction of the boiler shell. The 
ring of plates next the firebox was blown out in three pieces 
to the right, and the middie ring opened out and turned 
over to tlie left. 

No. 25. September 27th, 1 killed, 4injured.—Locomo- 
tive, 120 lb. pressure. The boiler gave way on the left 
side in the firebox, where the plates were reduced by corro- 
sion to a thickness of ;4 in. The engine, which was 
greatly shattered, was thrown off the rails with the tender 
and adjvining van, and the driver was blown a great height 
into the air, falling on a carriage 50 ft. away. 

No. 26. (See Fig. 8.) October 3rd, 3 injured.—Vertical, 
six years old, 6 ft. 6in. high, 4 {t. diameter, 3 in. plates, 
70 lb. pressure. Owing to overheating from shortness of 
water the crown of the firebox was forced down and rent at 
the base of the chimney, which was on one side instead of 
being in the centre, where it would have acted as a stay. 
An opening 20 in. by 6 in. was made, jthrough which the 
steam and water rushed, and the reaction made the boiler 
shoot upwards through the floor of the office above, though 
it fell back almost into its original position. 

No. 27. (See Fig. 9.) October 9th, 6 killed, 2 injured, 
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—Return-tube boiler, one of four, 30 ft. long, 7 ft. diameter, 

in. plates. Tube 2 ft. 9 in. diameter. e lower half 
of the front end was blown out, and the boiler thrown back- 
wards 34 yards, doing a t amount of damage on its 
way. It was found that the six stays by which the lower 
half of the front plate should have been secured were 
totally useless owing to some of the rivets being broken, 
and others never having been rivetted at all. The alternate 
expansion and contraction of the shell and tube had frac- 
tured two of the stays, and in another it had worn away 
the rivets till they had dropped out. The boiler had not 
been examined internally for some time or the danger would 
have been detected and the explosion prevented. 

No. 28. November 12th, 1 killed.—Combination boiler. 
Six horizontal —7 2 ft. 6in. diameter in two rows 
one above the other, the upper ones, which were 35 ft. long, 
overhanging the lower one about 8 ft. 55; in. plates, 60 lb. 
pressure. The upper left-hand tube gave way over the 
fire about 4in. or 5in. below the water line, the rent extend- 
ing longitudinally for 5 ft. making an opening 2 ft. 6 in. 
wide. ‘The intense heat of the fire and the corrosive nature 
of the water had caused the plates immediately exposed 
to the flames to be corroded to a thickness of less than ¥; in. 

No. 29. November 14th, 2 killed.— Portable multitu- 
bular. 120lb. pressure. The boiler was being caulked 
— steam when it gave way at the top of the front end 


No. 30. (See Fig. 10). December 31st, 3 killed.— 
Cornish, 10 ft. 4in. long, 4ft. 3in. diameter, 3in. plates, 
60 lb. pressure. Tube 2ft. 2in. diameter. The primary 
rent took place on the right-hand side near the back end 
where resting on the seating wall, the plates being reduced 
by external corrosion to a thickness of z;in. The tube 
with the first ring of plates and the front and back end 
plates was turned over and thrown to the front, while the 
other three rings of the shell were broken into several 
fragments and scattered in various directions. 


APPENDIX. 


Slight explosions or accidents with steam apparatus, not 
fairly included in the general list. 

No.1. January 11th, 1 killed, 4 injured.—Domestic. 
ae from overpressure, on account of the pipes being 

rozen. 

No. 2. January 12th, 1 injured.—Domestic. Exploded 
from overpressure, on account of the pipes being frozen. 

No. 3. January 30th, 1 killed.—Tape-drying cylinder, 
6ft. Gin. diameter, 5ft. long, charcoal iron plates .042 in. 
thick. The cylinder was new, and whilst being tested, 
gave way at a pressure of 16 lb. 

No. 4. February 14th, 1 injwred.—Rag boiler, 9 ft. 
diameter. The large cast-iron door on top was secured by 
two wrought-iron bars, and the bolts securing one of the 
bars giving way, the door, which was then held only on one 
side, fractured right across, more than half being blown 
away. 

No. 5. July 30th, 1 injured.—Greenhouse boiler. No 
particulars obtained. 

No. 6. July 30th, 1 injured.—Locomotive. Two of the 
tubes burst, the steam and water escaping through the fire- 
box, and scalding the driver. 

No. 7. October 3rd, 5 injured.—Farm boiler. No par- 
ticulars could be obtained. 

No. 8. October 11th, none injured.—Portable multi- 
tubular. One of the tubes, which were much reduced in 
thickness, gave way, and the escaping steam blew the fire- 
door out. 

No. 9. October 18th, none injured.—Locomotive. Some 
of the tubes burst. No further particulars obtained. 

No. 10. October 22nd, 3 injwred.—Cornish, new, 
12 ft. 2in. long, 4 ft. 6 in. diameter, 147 lb. on safety valve. 
The top of the dome was blown out whilst being tested by 
steam, from defective angle iron. 

No. 11. November 13th, 11 injured.—Rag boiler, 9 ft. 
long, 10 ft. diameter, 6 lb. pressure. The manlid which was 
of very large size, 4 ft. 8in. by 3 ft.8 in., was blown out and 
broken into many pjeces, the metal which varied in thick- 
ness from ¥ in. to 3 in. being defective. The boiler itself 
was not moved. 

No. 12. November 19th, 1 killed, 3 injured.—Logwood 
kettle, 10 years old, 8 ft. 6 in. high, 8 ft. diameter, ,% in. 
plates, 30 lb. pressure. The ends which were cambe 
about 6 in., were attached by angle rings, the top by an 
internal, and the bottom by an external ring. The bottom 
end was torn out and left on its seat, the rent passing round 
partly through the rivet holes and partly throngh the solid 
plate close to the angle ring. The remainder of the shell 
was blown 120 yards away, falling on to a cottage. ‘There 
being no stays whatever the boiler was of very weak shape 
and unable to bear the usual pressure. : 

No. 13. November 26th, 2 killed, 5 injured.—Tar dis- 
tiller, 10 ft. high, 10 ft. 3in. diameter, }-in. plates. The 
bottom of the boiler, which was secured by six stays, was 
blowr out, owing to overpressure, caused by the stopping 
up of two of the coils of the escape pipe by crystallised 
naphthaline. 

No. 14. December 4th, none injured.—Domestic. The 
boiler had not been used for some time, and the pipes had 
become frozen, so that soon after the fire was lighted, the 
boiler burst from overpressure. : 

No. 15. December 8th, none injured.—Domestic, saddle, 
20 years old, 2 ft. lin. long, 1 ft. 6 in. wide, }-in. plates. 
Exploded from overpressure in consequence of the pipes 
being frozen. All the under side was blown out, except 
about 7 in. on the left side. 

No. 16. December 10th, 1 killed.—Domestic. A plumber 
lighted a fire in an empty house, when the boiler at the 
back of the grate exploded, and a piece strack him on the 
head killing him instantaneously. . 

No. 17. December 31st, none injured.—Rag boiler. Ex- 
ploded at night when all the workpeople were away. A 

t amount of was done to the works. No 


urther particulars obtained. 
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Meeting at 7 p.m, Ordinary General Meeting at 8 e. “Some 
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DeATH.—Alexander Macgillivray, aged 41, who died at Guy's 
Hospital on the 19th February, in consequence of an accident 
at Bankend, on the 26th January, 1880. r. Robertson's partner 
in the firm of Macnaught, Robertson, and Co. Deeply regretted 
by his numerous friends. 
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THE NAVY ESTIMATES. 

Tue Navy estimates for the year 1880-81 were 
issued on Thursday, the 26th ult., and show a re- 
duction of nearly 94,000/. upon those of the year 
1879-80, the figures being 10,492,935/. for the 
ensuing year against 10,586,894/. for the financial 
year just coming to a close. This sum is less than 
that proposed for any previous year during the ad- 
ministration of the present Government, and is less 
than the amount of the last estimates made by the 
Liberal Government before they left office. 

In view of the present financial state of the 
country, and especially in view of the large addi- 
tional sums spent on the Navy out of the war grant 
of five millions during the recent crisis, it was to be 
expected that the estimates for this year would be 
cut down to a minimum, They have evidently 
been prepared with a view to economy, but un- 


fortunately not without evidence of revolutionary 
schemes of departmental disorganisation such as 
Mr. Childers used to revel in, 








The numbers of officers and men in the Navy are 
to remain practically the same, viz., 45,800 officers 
and seamen and 13,000 marines. Of the latter 
6400 are to serve afloat, and 6600 on shore, There 
is to be a reduction in the number of boys and in 
the coastguardsmen on shore, but there is to be a 
corresponding increase in the number of petty 
officers and seamen for service afloat. This will. in- 
crease the cost without increasing the numbers, and 
there is, in fact, an increase in the wages charge of 
10,0277. A similar increase takes place in the vote 
for victualling and clothing of the Navy and marines, 
the provisioning having gone up and the clothing 
decreased. 

There is a large increase of 21,000/. to the pension 
list and a reduction of 38,750/. on the vote for trans- 
port services, The former of these, points rather 
ominously to the schemes for reorganisations to 
which we have alluded, but which end generally in 
the State pensioning a number of clerks and others 
on exceptionally favourable terms, while they are 
still in the prime of life and able to do useful work, 
filling their places with less experienced men, making 
an apparent saving in the salaries for the time, which 
soon recovers itself, but which when combined with 
the additions to the pension list makes from the 
first a dead loss to the country. 

The reduction in the transport item is satisfactory, 
as showing the Government do not anticipate any 
little expeditions, such as those to Zululand and 
Afghanistan, during the year. It is to be hoped 
their ill-luck in this particular direction has now 
come to an end, and that in their estimated 
reductions .on this item they have not been over 
sanguine, 

The most important reductions, however, are in 
the votes for stores, shipbuilding, and dockyard 
labour. The vote for dockyard labour is 1,343,585/., 
instead of 1,355,000/, showing a reduction of 
11,415/.; the reduction for stores is 19,000/.; and 
for machinery and contract work there is the great 
saving of 73,0007. The estimate for repairing ships 
by contract shows a reduction of 46,500/., and the 
reduction on steam machinery and boilers is 53,050/. 
There is a reduction of 5915/, in the vote for the 
Admiralty, and an increase in the vote for scientific 
expenditure of 75317. 

t has been pointed out that it is somewhat 
peculiar to find a reduction in the vote for stores 
when markets are rising so rapidly as they are at 
the present time, but the surmise is probably 
correct that during the late war fever, stores became 
rapidly filled up, and the Government can scarcely 
be blamed if, this being so, and with a probable 
deficit staring them in the face, they resort in some 
degree to the system of depletion so extensively re- 
sorted to by their opponents. 

In the same way, having so recently bought into 
the Navy several powerful ironclads out of the vote 
of five millions, it is rather to be wondered at that 
they have not still further reduced the shipbuilding 
vote. 

It has also been pointed out that during the last 
four years the repair of ships, especially ironclads, 
has been conducted with exceptional energy, and 
that the repair and renewal of boilers and provision 
for new machinery for the fleet has formed a dis- 
tinct feature in recent years and has proved a con- 
siderable item of expenditure. 

Perhaps no item in dockyard expenditure is so 
difficult to control as this one of repairs and altera- 
tions. It is curious to read in the programme for 
the ensuing year, that no less than three of the new 
ironclads bought into the service are still down for 
repairs and alterations. These vessels were, when 
purchased, practically complete with guns and 
ammunition, and it was understood only required 
their stores to be ready for sea, They appear to 
have been under alteration and repairs more or less 
ever since. It will be interesting by-and-by to ascer- 
tain how much it has cost to change the armaments 
of the Neptune from Whitworth to Woolwich guns, 
and what has been gained and lost by the transfer. 

It is proposed to build in 1880-81, at the dock- 
yards, 11,636 tons of shipping, employing 5795 men, 
at a cost for labour of 370,2287. At Chatham the 
Agamemnon, a citadel ship smaller than the In- 
flexible, will be advanced towards completion, and 
the Ajax, a sister vessel, is to be launched at 
Pembroke, and go to Chatham for completion. 
The Conquerer, a new steel ironclad, is to be 
advanced to about one-fourth; the Polyphemus 
ram is to be launched and advanced to about nine- 
tenths of completion. One new ironclad is to be 
commenced at Chatham, and two new ones each at 


Pembroke and Portsmouth, but nothing is known 
of their designs, and it is stated they are not yet 
settled. 

It is a curious practice that has grown up of late 
years, that of asking the House of Commons to 
authorise the building of new ships, and to vote the 
money for them, before anybody knows what the 
ships are to belike. It is rather an inversion of the 
usual order of things, and must be a severe strain 
on the faith of Parliament to be asked to vote so 
much money in confidence, when there could be 
little difficulty or objection in affording the neces- 
sary information. Of course at the present time it 
cannot be expected that a design should be fully cut 
and dried before the sanction of Parliament is asked 
for her construction, because circumstances change 
so rapidly that the vessel might be obsolete almost 
as soon as she is commenced. This is a strong 
reason for not being too exacting in this respect, but 
it is no reason for so completely putting the cart 
before the horse as to ask for the money first, and 
then decide on the kind of ship to build after. We 
hope when the First Lord of the Admiralty makes 
his statement to the House he will give a clear in- 
dication of the types of the new ironclads it is pro- 
posed to lay down. 

Besides the foregoing work at Chatham, the 
Superb, purchased in 1878, is to be altered in con- 
nexion with her armament, and the Orion is to be 
completed ; and in addition four unarmoured ves- 
sels, the Constance, Dotterel, Linnet, and Swift 
are to be continued and completed. 

At Portsmouth it is proposed at last to complete 
the Inflexible. The figures given as to her cost 
show the present estimate for labour and materials 
of hull is 576,000/., which together with the ma- 
chinery, &c., will bring the cost eventually up to 
three-quarters of a million, This isa large figure for 
a vessel which many people believe to be built on 
unsound and dangerous pias ra but it is infinitely 
better to finish her and test her capabilities as far 
as practicable, than to keep her hanging on for 
years in an unfinished state. e Colossus, another 
ironclad building of steel, is to be progressed with, 
and also two steel corvettes, the Coends and Cor- 
delia, will be pushed on with, while eight other 
vessels are to be completed, Here also the Neptune, 
late Independencia, is to have her turret armament 
of powerful Whitworth guns removed, without even 
the grace of a trial, and replaced b guns of the 
service pattern which have istinguishe themselves 
so much in the Thunderer, 

At Pembroke, in addition to launching the Ajax 
(a smaller Inflexible) the steel armour-clad Majestic 
will be advanced to 29-100ths, and twelve gunboats 
and small vessels will be completed, ‘ 

At Sheerness and Devonport not much in the 
way of new building work isto be done. At the 
former, progress will be made with two sloops, two 
unarmoured corvettes, and four gun vessels. At the 
latter, four composite sloops and the steel corvette 
Conquest will te advanced and completed, some 
work will be done on four other sloops and corvettes, 
and eight gunboats will be completed. 

This work will comprise 723] tons of armoured 
construction on twelve armour-clads, and 4605 tons 
of unarmoured tonnage on twenty-nine unarmoured 
vessels in the Royal Dockyards. The contract 
work will comprise one corvette of the Comus type, 
twenty-two small steam vessels and gunboats, and 
fifty-six torpedo boats, giving a total tonnage of 
4310 tons. This, with the dockyard work, brings 
up the total to very nearly 16,000 tons provided for 
during the ensuing year. 

For particulars of many of the items we must 
await the statement of Mr, Smith in the House of 
Commons, and especially relating to the clerical re- 
organisations that have been introduced in the dock- 
yards and in the Admiralty. 





THE CAPTURE OF THE “ HUASCAR.” 

FurTHEr particulars continue to reach us as to 
the fight between the Huascar and the two Chilian 
ironclads, and considering the very meagre data in 
existence relative to the actual fighting of ironclads 
the sketches we publish on pages 182 and 183 will 
be viewed with interest, They quite confirm the 
eae we have before published as to the 

mage done to the Huascar and her condition 
after the battle. Our coperet: are taken from 
excellent sketches made on board the ship, and there 
cannot be a doubt as to their accuracy, The two 
views of the conning tower, in which Admiral Grau 








was blown to pieces, are very instructive, and show 
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that not only was the armour on it oy, of re- 
sisting the penetrating power of the Chilian guns, 
but that it was so inadequately fastened that the 
plates tumbled off when struck. The system of 
securing these armour wero was by means of screw 
bolts into the wood backing, similar to the plan 
largely adopted in the French and American navies, 
instead of being bolted right through as in our own 
Navy. Asa consequence the screws either broke or 
were drawn out of the wood by the impact. This 
may have been due in a measure to the wood having 
deteriorated round them, but this of course is a con- 
tingency to be provided against, and the result, which 
is clear enough, casts discredit upon the system. 

The sketches show also that in addition to the 
shells that pierced the turret, the glacis plate around 
the base of the turret was damaged, but it does not 
appear to have been sufficient to jam the turret. 

e terrible way in which the funnel and other 
parts of the thin unarmoured plating above deck was 
riddled by Nordenfeldt bullets shows how destruc- 
tive these weapons would be to any on board un- 
protected by armour, and there can be little doubt 
this weapon orsome better one of the same class will 
hereafter play an important part in actions between 
unarmoured ships as well as against torpedo boats. 

The small plan of the Huascar on page 182, 
showing the directions in which she was struck by 
the different shell so far as could be ascertained from 
careful inspection, is very instructive. The follow- 
ing is a list of the results : 

a. Entered the bottom of the turretand exploded 
on the right trunnion of starboard gun having 
punched a clean hole through 5}-in. plate and 14 in. 
of teak backing and started the whole plate. 

4. Perforated the 54-in. plate at the top left-hand 
corner of the plate, exploded inside and splashed on 
the breach of the port gun in the turret. 

ce. Entered the top of the lower plate of armour 
belt and bent it, exploding in the engine-room, but 
without damaging the engines. 

d. Shot closest to the water line, entered between 
two of the lower tier of plates, and exploded in the 
ward room near the doctor's cabin. 

e. Perforated the centre of a lower plate 
and bent it very slightly, exploding in the com- 
mander’s saloon aft, and injuring the steering gear. 

f Struck right aft, a few inches on the starboard 
side, the upper plate being perforated and bent a 
little, this shell also bursting in the commander's 
saloon, and damaging the steering gear. 

g. Also perforated the armour plate, bending its 
edges outwards and inwards, and burst in the saloon. 

Aandi. Fired from the same direction as the 
latter, both hit the conning tower, 3 ft. above the 
deck at the angle, perforated the 3 in. armour and 
burst inside, knocking off the two plates shown on 
the sketches to have fallen on the deck. 

j. Also hit the conning tower from aft, near the 
top, perforated the plate and burst inside. 

&. Perforated the armour on the port side be- 
tween the upper and lower strakes and burst inside. 

The four bent arrows show shots which hit the 
armour plates at too oblique an angle to penetrate, 
and glanced off, leaving spoon-shaped dents. That 
marked /struck the top edge of the upper plate just 
below the level of the deck on the port side, bend- 
ing and cracking it and then glancing off upwards, 

m. Struck the middle of a plate on the starboard 
side and glanced off, leaving a spoon-shaped dent. 

n. On the port side bent in the middle of one of 
the upper plates, and broke off the muzzle of the 
12-pounder Armstrong gun in bursting. 

o. Hit the turret and glanced off about 1 ft. above 
deck, leaving a spoon-shaped dent. The shots 
shown by the four dotted arrows passed clean 
—- the upper light unarmoured portion of the 
vessel. 

These interesting particulars fully bear out our 
previous remarks on the tactics of the combatants, 
and all the evidence which has come to hand shows 
that the firing of the Huascar was extremely wild. 
The second or third shell that struck her killed 
her commander, Admiral Grau, ip the conning 
tower, and the two officers next in command were 
killed in the turret from which all the gunners were 
cleared out by the shells that burst init. Of the 
gallant admiral only a leg and a few teeth were 
found. It is stated that the crew endeavoured to 
haul down the flag and surrender, but the hail of 
bullets that swept the deck made it impossible to 
live there, and signals were afterwards made by 
hoisting white handkerchiefs, It appears to be 

uite true that when the Chilian boat's crew boarded 
e captured vessel, they found the valves in the 








engine-room open, and that it was due to their fore- 
sight and promptitude the vessel was saved from 
sinking between their hands. 

After the action, the shot holes near the water 
were plugged up by the Chilians with boards and 
blankets screwed together, and it was fortunate for 
them the sea remained smooth, or the vessel in her 
then state might not have been saved. She was 
taken to Valparaiso for repairs, and at the time our 
information was despatched, the remains of the 
conning tower were being removed to a museum at 
Santiago, the authorities not thinking it worth re- 


pairing. 
THE SAINT GOTHARD TUNNEL. 


At the commencement of the present week, the 
great work of piercing the Saint Gothard Tunnel, 
which has been in progress for some eight years, 
was practically completed by the joining up of the 
headings of the north and south sides. e have 
on various occasions* published detailed illustrated 
particulars of the undertaking, but the present is a 
suitable occasion for giving a summarised account 
of the tunnel, and the works connected with it. 

The Saint Gothard Tunnel forms a part of the 
Gothard railway system yet unfinished, which will 
join up the Swiss and Italian réseaux, and thus 
greatly facilitate communications between the North 
of Europe and the Mediterranean and Upper Italy. 
On the Swiss side the railway starts from Lucerne, 
and on the Italian, a railway commences at and runs 
along the left bank of Lake Majeur, the connexion 
being made near the frontier of the Swiss Canton 
of Tessin. The whole length of the system will be 
165 miles, divided into the following sections : 








Miles. 
Lucerne-Goldau 14.73 
Zug-Goldan ... ad ing ‘as o 9.62 
Goldau-F luelen-Goeschenen a ose 1.43 
Airolo-Biasca = wee ¥ ; 65.70 
Biasca-Bellinzona-Lucarno 25.46 
Bellinzona-Lugano... 16.33 
Bellinzona-Magadino 15.32 
Lugano-Chiassa_... 16.15 
165.00 


The Saint Gothard Tunnel, which is the most 
important work upon this system, passes through 
the Helvetic Alps, between Goeschenen on the 
north side, and Airolo on the south, the distance 
between these places being about 9} miles. The 
rail level at the Goeschenen entrance is 3637.5 ft. 
above sea level, and 2204 ft. above Lake Lucerne. 
At Airolo the elevation above the sea is 3755 ft., 
and 3109 ft. above Lake Majeur. The total length 
of the tunnel is 16,295 yards, or 9.258 miles. To 
facilitate execution, it has been made in a straight 
line having a length of 16,312 yards, but at the 
Goeschenen end, it was necessary to construct a 
curved branch to join the alignment of the railway 
beyond. This leaves the straight portion of the 
tunnel, and bears away to the eastward, until it 
strikes the face of the mountain; the length of this 
curved portion is 475 ft. The gradients in the 
tunnel are approximately as follows, starting from 
the northern end : 


Length 25,000 ft. gradient lin 171 rising. 
” ’ ” ” 1 in 1000 to summit. 
” ’ ” ” level. 
” 4, ” ” 1 in 200 falling. 


” J 3? ” in ” 

The tunnel is formed for a double line of rails, 
and its normal width is 24 ft. 11,4,in. at the level of 
the rails, increased to 26 ft. 3in. at a height of 6 in. 
above rail level. The roof is semicircular, and the 
work is drained by a culvert running principally along 
one side of the tunnel wall. Of course a number-.of 
different types of construction were adopted, vary- 
ing with the nature of material passed through. In 
disintegrated rock there is a continuous lining of 
masonry with an invert and a culvert running along 
the centre, but we believe only very short lengths 
of this type of construction have been found neces- 
sary. Along the whole length of the tunnel, on 
each side and opposite to each other, recesses 
6 ft. 6in. high, 39 in. deep, and 6 ft. 6in. wide, are 
formed at intervals of 328ft. At each kilometre 
these recesses are replaced by larger vaults, and at 
three points in the length large chambers are 
excavated in the rock at right angles to the axis of 
the tunnel. 

Granitic and micaceous schist, with hornblende 
and small quantities of dolomite, form the rocks 
through which the tunnel was excavated, and the 
formation which approached the vertical towards the 
centre of its length, fell north and south with 


* Vide ENGINEERING, vols. xix., xx., xxii., and xxiii. 











increasing divergence. The following is an approxi- 
mate statement of the stratification as prepared by 
Professor Fritsch, of Frankfort : 


Metres. 
Granitic schist, more or less homogeneous 2200 
Gneiss, more or less schistous ... one 450 
Crystalline limestone ose 350 
Micaceous schist... 1300 
Gneiss, rich in mica... ie 6600 
Mica schist with hornblend 1600 
Gneiss, more or less schistous ... 270 
Mica schist, with veins of quartz ... 800 
Hornblende schist ... oe 1250 
Dolomite, gypsum, &c. 100 


Only a very short length of granite was en- 
countered, and that by the north end of the tunnel 
passing through one of the Finsteraarhorn granite 
spurs. As the work proceeded the deductions of 

rofessor Fritsch, who had reported on the subject 
for the Swiss Geological Commission, were found to 
be very near the truth, as also were those of M. 
Giordano, then Inspector of the Royal Corps of Mines 
of Italy, and who had reported independently on 
the probable formation along the axis of the tunnel. 

The contract for the tunnel was let by the Swiss 
Government to M. L. Favre on August 9th, 1872. 
Negotiations had for a long time been in progress 
between Switzerland, Italy, and Germany upon this 
subject, and an international treaty between the two 
first-named powers was signed in October, 1869, 
Germany subsequently adding its support in 1871. 
This agreement formed the basis for the political 
and financial details of the scheme. The international 
subvention was fixed at 85,000,000 francs, of which 
Switzerland contributed 45, Germany 20, and Italy 
45 millions. Subsequent experience showed how far 
the first complete estimate fell short of the actual 
outlay, and early in 1876 it began to be realised that 
instead of 187,000,000 francs—the original computed 
sum for the whole work, railways and tunnel—the 
undertaking would cost at least 289 millions. This 
enormous excess naturally involved the undertaking 
in the gravest financial difficulties, which for a long 
time threatened at least a prolonged stoppage of the 
undertaking, but after many efforts these difficulties 
were surmounted, and the work as we have seen 
brought to a fortunate issue, 

The contract signed by M. Favre was based upon 
the following schedule of prices: 


1. Straight length of tun- £ £ 
nel at northend ... 158.6lin.yds.at54.4 = 8,631 
2. Excavation of tunnel 16,295 __,, », 101.6=1,655,500 
3. Ballast, &c. ... . 16, me »» 1.Ge.= f 
4. Laying rails... w. 32,090 ,, »» 2.98. 4,730 
5. Ashlar masonry... 52,320 c. yds. ,, 2.27—= 119,050 
6. Stone facing... ... 71,760 sq. yds. ,,13.38= 47,620 
7. Ordinary masonry ... 39,240 c. yds. ,, 1.2l= 47,620 
8. Masonry for niches... ae ose aaa én 786 





Total : es see ° +++1,896,945 

As may be readily imagined, the plant required 
for the execution of this great work was very exten- 
sive, not only at each end of the tunnel but also that 
required for excavation and removing the débris as 
the headings and subsequent enlargement progressed. 
For the arrangement and details of the outer works 
at Goeschenen and Airolo we may refer our readers 
to page 22 of our — volume, where a 
more complete notice will be found than the space 
at our command will permit. 

The shops at Goeschenen were commenced at the 
beginning of 1873 by the construction of a building 
to receive the provisional compressors which were 
at work by the end of March, ‘The power for work- 
ing these compressors was obtained from the River 
Reuss, which was diverted so as to obtain a fall of 
260 ft. This was of itself a work of no small mag- 
nitude, involving the construction of a dam, large 
settling and filtering reservoirs, and an aqueduct of 
masonry and wrought-iron mains 33.5 in. in diameter. 
Near the works this main was divided into branches 
and led to the turbine house. During 1873 this 
work was completed, the building for turbines and 
compressors was erected, and several of them were 
in operation. During the three succeeding years 
more turbines and air compressors were added, and 
the various shops, especially those for repairing the 
drills, were enlarged. The power for driving these 
shops was obtained from a separate main led off from 
the Reuss toa turbine. Workmens’ dwellings, stables, 
stores, dynamite magazines, &c., continued to in- 
crease, and in 1874 locomotives were employed to 
remove the débris of the excavation. In 1875 
over 5000 yards of 46 in. ventilating main had been 
laid in the tunnel, and the compressed air locomo- 
tives were at work. The works at Airolo were 
very similar, the requirements and the means of 
supplying these being much alike in both cases, 
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word gd poss ee ‘delivering 42,3 = RESULTS OF WORKING IN TUNNEL FOR THREE MONTHS ENDING SEPTEMBER, 1878. 
cubic feet per hour at a pressure of 105 lb. per square 
inch into the meshings. ; Nineteen of these com- ee North End. South End. Total. 
ressors were chiefly employed in supplying power . 
for the rock drills, the remainder worked the loco- eeiieen sae Terr, square yards... ar ——. 7.80 
motives referred to above. Monthly advance, yards... aie oT ake 115.6 154.1 269.7 
Several systems of rock drills were employed, | Average advance per day " 3.76 5.43 9.19 
amongst others the Ferroux, Mackean, Turettini, | Maximum advance in one day ... 5.72 7.00 12.72 
and Dubois-Francois, and when the works were in | Number of shifts... ... , _— 188 
full operation forty drills could be kept going at} pine lost vepuaaheesnalen = - —— = hewn yn min. 
each end, seven in the front of the small head-| ‘Time occupied in drilling «. |... 389 hr. 10min. | 332 br. 20min. | 721 hr. 30 min. 
ing, and the remainder working at the enlargement. Bee blasting and clearing =... 332 hr. 50 min. 346 br. 30 min. 679 br. 20 min. 
The consumption of air by these drills collectively | Average time occupied per yard “ “ 41.5 min. 33.3 min. 37.4 min. 
was equivalent to 4200 cubic feet per minute at »” ” fag ace nO i * min. = = min. a - min. 
: e ” ” g . 9 min. r. 15 min. 3 hr. 42 min. 
pes — > or 1000 ft. less than the com ae AD nw ey ae eee 9 — + aa 6 hr. > min. 7 hr. 53 min. 
But little progress was made in the work of boring | Average __,, o- blast 20.7 73 #0 04 
during 1872, and it was carried on by hand for the | Total length drilled in yards 2069.3 2761.0 4740.3 
first six months, the advancement at the north end| Average ,, per blast _,, 30.29 25.01 27.65 
through the granite being much slower than at the | 1, her ofshifts ae a ate boy im = 
south end, where the material attacked chiefly con- | 4 yerage number é on carriage 4 4.62 4.31 
sisted of mica-schist, intersected, however, with | Total ? 5 repaired 25 ‘47 "72 
abundant water-bearing fissures. About six months] _,, ~ drills 1. ‘ai nee 5993 5085. 11,078 
after the commencement of the tunnel the rock | Average pressure in atmospheres of compressed air . 3.62 3.51 3.56 
drills were put in operation, and the rate of advance » temperatare ae pee Se “ =a deg 77.2 os 76.0 deg 
was consequently much more rapid. The heading | q,; : x eae on aa ‘aihe et ig 8.06 
- Q onsumption of dynamite per day in heading ee seat 171.6 lb 200.6 lb. 872.2 lb 
was driven at a level corresponding to the upper e of rest of tunnel | 330.0 lb 352.4 lb. 682.4 lb 
portion of the tunnel, and the lateral and downward a J. yard of heading a 46 Ib. 39 lb. 85 Ib. 
enlargement was then proceeded with. At the south 
ond & plentiiel caiienge af Sates: Sas Geapemteses As an example of the results obtained, we may|the resumption of its sittings has been very 


at the commencement of the work, but little 
inconvenience was felt for some time after a dis- 
tance of 1600 yards had been reached. Previous to 
reaching this point, however, the discharge had been 
as much as 3000 gallons per minute, projected from 
a great number of fissures that filled the gallery 
with jets of great size and velocity, which were also 
often of high temperature. Between 2500 yards 
and 4500 yards of distance, again, water-bearing 
rocks, chiefly laminated mica-schists, were passed, 
and here again the discharge sometimes exceeded 
3000 gallons per minute. ‘The average size of the 
heading was 8 ft. 24in. square, which gave a face 
area of 64.7 square feet. When driving through 
hard rock about 25 holes were drilled in the face in 
rows of five each. The three central holes formed 
a triangle, and were bored to converge until at the 
bottom they were only 4 in. apart, the distance at 
the surface being 16in. The holes near the boundary 
of the heading diverged, and the others were drilled 
perpendicular to the face of the rock. All the holes 
were bored taper, a succession of drills being em- 
ployed varying in diameter from 1.9 in. to 1.25 in. ; 
the average depth ranged from 3.5 ft. to 4ft. As 
soon as the work of drilling fora blast was com- 
pleted the drill battery was drawn back for a distance 
of 100 yards,’and a wagon was stationed in front of it 
to protect it against fragments of rock, The blast was 
performed in three stages, the central holes being 
first filled with cartridges 28.3 oz. each, and fired, 
then all the remaining holes, except those in the 
bottom row, were charged with 17.5 oz. cartridges, 
and fired successively by means of fuses of different 
lengths. Finally, the bottom row of holes was 
charged and fired. About 490 oz. of dynamite were 
used at each blast, and the quantity of rock broken 
down was about 8.3 cubic yards. This mode of 
procedure of course applied jto the hard rock only, 
especially to that met with‘at the Goeschenen mouth, 
In the softer material fewer holes and smaller 
charges sufficed. 

The following Table summarises the total progress 
since the beginning of the work to the end of 1878: 
































| 
|Hand Work. | Machine Work. 

Year. | | Total. . m 
North |South| North | South | Done. 
| End. | End.| End. | End. | 
lyards. |yards.| yards. | yards: | yards. | yards. 

1872 "20.7 12.2 . eS «es | 182.9 | 16,162.1 

1873 | 76.3 | 128.5) 559.4 | 412.1 | 1176.3 | 14,985.8 

1874| ... | w. | 11341 | 817.4 | 1951.5 | 13,034.3 

1875 | 21 1262.3 | 1878.1 | 2635.4 | 10,398.9 

1876 50.3 1049.6 | 1116.1 2165.7 | 8,233.2 

1877 1345.7 | 1087.2 | 2482.9 | 5,800.3 

1878 1400 | 1300 2700 3,100.3 

! 





From the above Table it will be seen that the 
work made steady and accelerating progress from 
its commencement, in spite of the great and un- 
foreseen physical obstacles, and the even more serious 
and besetting financial difficulties which had to be 
encountered. 





summarise the work done during the three months 
ending with September, 1878. These results are 
given in the Table above. 

Between 3000 and 4000 labourers were employed 
upon the works ; thusin August, 1875, at the north 
end, the maximum number was 1902, and at the 
south end 1984. The average number of hands 
during the three months ending September, 1878, 
was at the north end 1264, and at the south end 
1819. For the month of September of the same 
year the distribution of labour was as follows: 


In the Tunnel. Outside. Total. 
North end 918 341 1259 
South end 1199 582 1781 


2117 923 

One great difficulty which was encountered dur- 
ing the undertaking was the high temperature in the 
workings, increased of course by the frequent blast- 
ings. ‘The heat on the south side was for the most 
part considerably higher than at the north, owing 
probably to the mountain being higher over the 
works on the south. The highest recorded tem. 
perature to the end of 1878 was 85 deg. Fahr., but 
we believe that subsequently this was very con- 
siderably surpassed, and was one of the most serious 
difficulties in the way of completion of the work. 
The free circulation of air resulting from the junc- 
tion of the two headings will do much to remove 
this difficulty. According to the terms of the con- 
tract, the tunnel was to be completed in October of 
the present year, and there will be ey no 
reason why it should not be finished before that 
date. Some of the railways, however, forming a 
part of the system, will not be opened for a consider- 
able period. 

Those of our readers who desire to obtain further 
particulars concerning the Saint Gothard Tunnel, 
we refer, in addition to the articles we have already 
published and cited above, to two papers compiled 
by Mr. D. K. Clark, and published in the Minutes 
of the Proceedings of the Institution of Civil Engi- 
neers, vols. xlii. and lvii., and from which we have 
obtained some of the data embodied in this present 
notice. 








THE TAY BRIDGE. 

On yesterday week, the 26th ult., the Court of 
Inquiry appointed to investigate the failure of the 
Tay Bridge, resumed their sittings at Dundee, with 
a view of receiving the evidence of local witnesses. 
The court consists, as we have stated in former 
articles, of Mr. H. C. Rothery, Wreck Commissioner, 
with Colonel Yolland, R.E., and Mr. W. H. Barlow, 
the President of the Institution of Civil Engineers, 
as assessors, while Mr. Traynor, advocate, Mr. A. 
H. Strong, assistant solicitor to the Board of Trade, 
and Mr. J. D. Grant, Dundee, appeared for the 
Board of Trade; Mr. Balfour, advocate,JMr. Adam 
Johnstone and Mr, Thomas Thorton, for the North- 
British Railway Company, and Mr. Dunbar, 
Procurator-Fiscal, for the Lord Advocate. The 
evidence which has been laid before the court since 








voluminous, and it would be quite impossible for us 
to afford space to report it in extenso, while at the 
same time it would, in the present stage of the in- 
quiry, be scarcely proper to discuss it in detail, and 

oint out its bearing upon the failure of the bridge. 

nder these circumstances we propose merely to lay 
before our readers a concise su of the evi- 
dence, —— as far as possible all the important 
statements made by each witness, but leaving for a 
future occasion our comments on these statements, 
and an analysis of their bearing on the question 
under discussion. 


Yesterday week the first witness examined was 
Mr. Henry Gourlay, of Dundee, who, however, only 
made some general statements as to his attention 
being directed to the failure of the bridge on the 
night of December 28. He was succeeded by Ex- 
Provost William Robertson, who stated that he was 
an engineer in Dundee but resided at Newport. 
He saw the train enter on the bridge on the night 
of December 28. Looking from his house a portion 
of the bridge was obscured by an intervening build. 
ing, but the seven northernmost of the fallen spans 
were visible and the lights were burning on them at 
the time the train entered the south end of the 
bridge. He saw the train disappear behind the 
house which obscured his view but it did not re- 
appear on the northern side. Instead, he saw two 
columns of spray brilliantly illuminated, and im- 
mediately after all lights on the bridge were ex- 
tinguished. He then concluded that the bridge had 
fallen, He had been a frequent passenger by the 
bridge, and had timed the trains across it from end 
to end, and also passing through the high girders, 
He had felt no uneasiness about travelling on the 
bridge except between the high girders, where there 
was sufficient vertical and horizontal oscillation to 
cause discomfort. The time occupied in running 
from end to end of the bridge, a distance of about 
two miles, was on one occasion 4 min. 20 sec., while 
the time spent in traversing the high girders (a 
length of 3149 ft.) was usually about 60 seconds, 
but varied from 80 seconds to as little as 50 seconds, 
The 60 seconds corresponded to a speed of 35.78 miles 
and the 50 seconds to a speed of 42.92 miles per hour. 
He knew that the authorised speed was 25 miles per 
hour, and complained of the excessive speed to Mr, 
Smith, the station-master at Dundee. e observed 
the as carefully on many occasions. The excessive 
speed occurred with trains running from south to 
north, and he gave up travelling over the bridge 
in that direction about the middle of December 
(although he held a season — on account of the 
uneasy sensations experienced when traversing the 
high girders at the speeds mentioned. The train 
had what he described as a ‘‘ bounding movement” 
when traversing these girders. He could distinctly 
distinguish the lateral movement of the train on the 
bridge from the ordinary lateral movement of the 
carriages on their journals. He knew that the trains 
from south to north had to pass the south signal 
cabin at a slow speed in order to enable the driver 
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to receive the baton for crossing the bridge, but this 
speed was generally over three miles per hour. He 
could not speak as to the capabilities of the engines 
working the trains for getting up speed, but he was 
positive as to the speed at which the high girders 
were traversed. 

The next witnesswas Mr, T. D. Baxter, of Dundee, 
who was with Ex-Provost Robertson when he 
timed the transit of a train from end to end of the 
bridge at 4 min, 20 sec, He was alarmed at the 
speed at which the high girders were traversed but 
did not notice vibration. He had been a regular 
passenger by the bridge, but after that occasion 
(about the middle of December) he discontinued 
using the bridge and crossed by the steamer. He 
lived at West Newport, to the east of the bridge, 
and on the night of the failure heard two distinct 
reports which he at first thought were due to guns 
fired by the Britannia, but which he subsequently 
found to have occurred at the time the bridge fell, 
while no guns had been fired. 

Next Mr. G. T. Hume, a ship store merchant at 
Dundee, deposed that he lived at Newburgh, and 
had been a regular passenger over the bridge twice 
daily with few exceptions, from the day it opened 
until the day before it fell. He had timed the speed 
of a train through the high girders and found it to 
be 35 miles per hour. He thought this too high 
but did not notice any oscillation. He had every 
confidence in the bridge up to the time it fell. 

Mr. Alexander Hutcheson, architect, Dundee, 
next gave evidence. He lived at Broughty Ferry, 
and frequently crossed the bridge. He had often 
timed trains travelling across and had found it to 
be from 4 min. to 44 min. On one occasion he had 
crossed in 34 min. The trains from south to north 
ran faster than those in the reverse direction, and 
the local trains were faster than the main line trains. 
He noticed both lateral and vertical oscillations and 
a distinct bounding movement of the train when 
traversing the high girders ; the higher the speed 
the greater the movement. He apprehended danger 
or risk from the speed and gave up crossing by the 
local trains about the beginning of September. He 
thought of giving up the main line trains also, and 
would not have taken the train from choice had he 
had other means of transit. 

The next witness was Mr. James Smith, the 
station-master at the Tay Bridge Station, Dundee. 
He deposed that he had received complaints as to 
the speed of the trains from Ex-Provost Robertson, 
and also from Mr. Leng. In consequence of Mr. 
Robertson’s complaints he cautioned several drivers, 
and also mhdeoer observed the speed of the trains. 
He had not found any train take less than 5 minutes 
in crossing ; but jhe had not timed the passage of the 
trains through the high girders. He knew that the 
allowed speed was 25 miles per hour, and did not 
consider that this had been exceeded as an average 
speed for the whole distance, but the trains might 
have run faster at the middle of the transit. Wher 
walking on the bridge a vertical motion was ob- 
servable when a train passed; it could be felt as 
the train approached and when it was several spans 
off. He had never felt any lateral motion. He was 
notaware of any trains making up time on the 
bridge, and he had had no complaints about speed 
from any person but Mr. Robertson and Mr. Leng. 

Mr. John Black, who was engaged in the parcel 
office of the Caledonian Railway Company, at 
Dundee, deposed that he crossed the bridwe in the 
train which preceded that which was crossing at the 
time of the hilure. ‘He was in the guard's van, as 
was also the guard and a man named Buick. ‘The 
train passed the south cabin at from three to four miles 
per hour, and then increased speed on the bridge. 
Soon after Buick called attention to sparks flying 
from the wheels of the train on the eastern side, 
The guard looked out, partially applied his brake 
and hung out a red light, but the driver took no 
notice, and the train although reduced in speed 
somewhat was not stopped. As the speed reduced 
the number of sparks lessened. ‘T:1e wind was very 
high, blowing in gusts, and he feit the van being 
tilted by it. He attributed the t:lting movement 
to the carriage and not the bridge. ‘The sparks ap- 
peared to be caused by the wind forcing the wheels 
of the carriage against the rail. John Buick, a fitter 
on the Caledonian Railway Company’s engine-shop 
at Dundee, corroborated the evidence of the last 
witness. When he saw the sparks he was a little 
afraid, as he thought there was a broken axle. 
When they arrived at Dundee he saw the guard and 
another man examine the wheels, which were found 
to be all right. 





Alexander Kennedy, the driver of the train in 
which the two last witnesses had travelled, stated 
that he had not noticed the application of the brake 
by the guard or the guard’s signal, and had in fact 
observed nothing unusual except that the train drew 
rather heavily. This he attibuted to the force of 
the wind. He had orders not to exceed 25 miles 
per hour when passing over the bridge, and he was 
certain he did not exceed this speed. He had timed 
the run across, and had done it in 5, 5}, 54, and 
6 minutes, but he had not timed the speed when 
traversing the high girders. The speed from cabin 
to cabin did not exceed 25 miles per hour. The 
local trains were worked by tank engines with 
driving wheels from 4 ft. to 4 ft. 6 in, in diameter. 
Such engines got up speed more quickly than the 
larger engines, but it was impossible for them to 
attain a speed of 40 or even 35 miles per hour. At 
the termination of the witnesses’ evidence the court 
adjourned until the next day. 

On the resumption of the inquiry on Friday last, 
Mr. W. R. McKelvie handed in a statement of the 
observations of the force of the wind at Dundee, 
made by him during the past twelve years, and Mr. 
John Leng, the managing proprietor and editor of 
the Dundee Advertiser, was then examined, Mr. 
Leng disposed that he lived at Kinbrae, Newport, 
and crossed the river to Dundee and back generally 
twice aday. On the average he made daily three 
crossings by rail and one by ferry. He had never 
accurately timed the trains, but estimated the speed 
during part of the journey at from 30 to 40 miles 
per hour. He had experienced what he described as 
a ‘* prancing motion” of the train, which he had 
considered due to the bridge, and also a lateral 
motion which he had regarded as an oscillation of 
the carriages, and not of the bridge. He had had 
no oy ee about the safety of the bridge, but 
some ladies had complained to him of the speed of 
the trains, and he had spoken to Mr, Smith, the 
station-master, on the matter. He had also sug- 
gested to Mr. Noble, the inspector of the bridge, 
that an inquiry should be made as to whether an 
automatic register of the time occupied by the trains 
in transit could not be provided, and this suggestion, 
he understood, had been mentioned to Sir ‘Thomas 
Bouch. So far as he remembered, he had observed 
the bounding or prancing movement only in the 
local, and not in the main line trains. The New- 
port trains were shorter and less heavily loaded 
than the through trains. The motion he had felt 
on the Tay Bridge was such as he had not experi- 
enced when traversing any other bridge, but he had 
felt a somewhat similar sensation when going down a 
steep incline on a hilly line, 

The next witness was Dr, J. W. Millar, of Dun- 
dee, who stated that he had on several occasions 
timed the passage of trains through the high girders 
of the Tay Bridge. On one occasion the passage 
through these girders had been made in 50 seconds, 
and on other occasions the time had been between 
60 and 70 seconds, being more frequently over than 
under 60 seconds. The passage in 50 seconds had 
been made by a train running north, and the trains 
in this direction were generally faster than those 
going south. He had noticed no special vibration 
or oscillation. 

Mr, David Pirie, painter, of Dundee, next gave 
evidence. In May, or early in June, 1879, he had 
made a careful examination of the bridge in order 
to enable him to estimate for the painting of it. 
His examination extended over three days, and 
during that time he noticed a vibration as soon as a 
train entered on the bridge, this vibration gradually 
increasing until the train passed him. The vibration 
of the lattices of the high girders was quite visible, 
and was greatest when the train was passing. He 
had not noticed the vibration when passing over 
the bridge in a train. He had not had much to do 
with large iron railway bridges, so that he-could 
not compare the vibration of the Tay Bridge with 
others. During his examination he found a good 
number of bolts and screws lying loose on the 
booms, but he supposed them to have been left 
over on the construction of the bridge. He did not 
notice any bolt out of place, nor any bolts without 
heads or screws onthem. He did not get the con- 
tract for painting. 

The next witness was Peter Robertson, painter, of 
Dundee, who had been employed in the painting of 
the bridge, under Mr. Bamlett, of Sunderland, the 
contractor. He had been employed four or five 
weeks on the bridge, and was engaged entirely on 
the high girders. A number of loose bolts were 
found on the booms, together with other rubbish, 





but he did not observe that any bolts had fallen out, 
nor did he see any loose. The vertical vibration 
experienced during the passage of the trains was 
very violent, and the higher the speed the more 
violent the vibration. The painters fastened all 
things to prevent them being thrown off, and some- 
times put the paint-pots inside the booms. He had 
never worked on an iron bridge before. 

John Milne, aged 16, who was also engaged on 
the painting of the bridge, gave similar evidence 
respecting the vibration of the girders, and Peter 
Donegang, aged 19, an apprentice painter, also de- 
posed to finding bolts and screws lying about. He 
had also noticed a few empty holes, but did not 
know whether they had ever contained bolts. The 
vibration during the pesmage of a train was suffi- 
cient, he stated, to shake over the paint-pots, and 
they had to secure them. Very similar evidence 
was next given by David Dall, a seamen who had 
been employed at the painting of the bridge. There 
was, he stated, a vibration of the bridge on the 
passage of the trains, and the higher the speed the 
greater the vibration. If a paint-pot were placed on 
a plate at the top of the high girders it moved about 
3 in. with the “ dirling”; but if it were full or balf 
full it did not move. The loose bolts which had 
been found, he did not consider could have fallen 
from any part of the bridge. He noticed holes on 
the bottom booms to let the water out, but had not 
seen any holes in the lattice work. 

The next witness was Mr, John Evans, mill over- 
seer, Dundee, who was also engaged on the bridge 
during the painting. He deposed that independent 
of the loose bolts already referred to, he had seen 
the heads of bolts broken off in the bars binding the 
vertical posts together. There was both a vertical 
and lateral oscillation of the bridge on the passage 
of a train; the lateral oscillation was severe. It 
was necessary to secure the paint-pots, and on one 
occasion a three-ply lanyard fastening a pot was 
broken by the violent vibration caused by a passing 
train and he lost the pot. The fast trains caused 
most vibration, and the Newport morning train 
due at Dundee at 9 o’clock was generally very fast. 
With the fast trains the vibrations were alarming. 
The bars forming the diagonal bracing of the vertical 
posts were used by the painters as ladders to reach 
the top of the bridge, and many of these bars were 
loose, and some had swung round ont of their places. 
Qn the tenth pier from the north end of the high 
girders all these bars were loose, and there were 
others loose here and there on other piers. ‘These 
bars were fastened by one rivet at each end, and 
some of the rivets were broken off flush with the 
plate, and sometimes there was a bit in the hole. 
He had found rivet heads but could not say how 
many. He had not reported the defects to his fore- 
man or to any of Mr. Noble’s men; as he did not 
think it his place to do so. 

James Nelson, a mechanic at Dundee, was next 
examined. He had been engaged on the painting of 
the bridge. He did not remember coming across 
any empty bolt or rivet holes or any loose bolts, but 
found some nuts loose belonging to bolts which 
fastened the sleepers tothe bridge. He also noticed 
something wrong with one of the columns of a pier 
towards the south end of the high girders. The 
column had four hoops on it and the men said it 
was rent from top to bottom, but he did not see the 
rent himself. One of the soleplates on No. 4 or 5 
pier from the south side was also cracked across, 
and he pointed it out to Mr. Noble. There was 
both a vertical and Jateral movement of the bridge 
when a train passed, this movement being sufficient 
to cause alarm. The vertical movement showed 
most, but the men were sometimes frightened by the 
lateral movement, particularly in a heavy wind. 

The next witness was John Gray, a painter, of 
Dundee, who had been employed on the bridge. 
He saw two diagonal bars broken and hanging 
loose, and others were shaky. He had been warned 
not to climb on them lest they should give way. 
He saw also a column with a crack in it; it had no 
bands round it thea, but he believed these were put 
on afterwards. A man had told him that he had 
put his knife into the crack; it was from top to 
bottom of the column. He corroborated the state- 
ment of the previous witness as to the vibration of 
the bridge. 

Mr. Alexander Stewart, of Dundee, next deposed 
that he was a joiner and had had the contract for 
casing the Newport water pipe which was carried 
across the bridge. He was frequently on the bridge 
while the work was being done. He corroborated 
the statements made about the vibration and con- 
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sidered the lateral movement at the points where 
the high and low girders joined, alarming; it was 
distinctly visible. The water pipe passed through 
jronwork at each end of the high girders; it tra- 
versed a thin internal gusset plate. At the termina- 
tion of Mr. Stewart’s examination the court ad- 
journed until the following morning. 

On Saturday the 28th ult. the first witness ex- 
amined was Richard Baird, a moulder, who had 
been employed at the foundry set up at Wormit, in 
connexion with the Tay Bridge works. He had 
been engaged principally in casting the lifting 
columns. The columns were cast horizontally. 
The metal used was from Cleveland, and was in- 
ferior to Scotch metal; it did not flow well, and 
was difficult to get free from dross. Good loam 
cores were used. He had seen columns unequally 
thick, but not many; he saw them when they came 
ashore, when the two girders fell in February, 1877. 
The thickness on one side was from jin, to }in., 
and on the other ldin. to 1gin. The columns he 
cast had lugs on, and sometimes these were wanting 
when the casting came out of the mould; they were 
then added by burning on. From the quality of 
metal used it was hardly possible that the burning 
on could have been solidly done. In cooling, the 
lugs sometimes adhered to the columns, but came 
away from the flange. The burning on was 
ordered by the foreman, Fergus Ferguson, and 
was frequently done. The columns had three lugs, 
and instead of casting one of the lugs on the top, he 
suggested to the foreman that it should be cast on 
the bottom. This was done, and after that he 
believed none of the castings came away without 
these lugs. Some columns had the lugs knocked 
off after leaving the foundry, and these came back 
to have lugs burned on; he burned a lug on the 
last column that was made at Wormit, but did not 
get it firmly united. It was attached to the column 
but not to the flange. He saw columns of unequal 
thickness stacked at the back of the foundry, but 
they had been made to a wrong length, and were 
broken up. Scabbing sometimes occurred, the 
sand washing away and mixing with the metal on 
the upper side of the columns, but this did not 
happen with the columns he worked at. He could 
not state the number of lugs burned on, but the 
operation was of frequent occurrence; when the 
lug did not adhere to the flange there would be a 
space of about ,, in. along the whole length of the 
lug. iThe water used for damping the sand was 
taken from the river; it was never fresh, and was 
quite salt at high water. ‘There was a well, but it 
only ‘supplied water for drinking. The salt water 
caused offensive gases to be given off, and he con- 
sidered it more likely to give rise to scabbing than 
fresh water. The moulders were paid by the hour, 
and had no inducement to put out bad work. The 
columns were turned after leaving the foundry, and 
the holes in the flanges were drilled; the holes in 
the ‘lugs were cast in. He never saw any columns 
split in the foundry. 

The next witness was James McGowan, a moulder 
who had also been employed at Wormit. He had 
been engaged in casting the columns ; the iron used 
was bad, the worst he ever remembered seeing. It 
had ‘so little life in it” that it cooled all at once; 
when it came over the top of the core it formed two 
skins and made a “cold shut.” The more it was 
stirred the more scum -you got, and this scum never 
separated properly. He had seen marks of a cold 
shut in columns that were broken up, but not in 
any that were sent to the jetty for use in the bridge. 
The cold shut might exist in a column without its 
being seen until the column was broken up. He 
was engaged on the 15 in. ordinary columns. 
The lugs were cast on them and always came 
out of the mould, but pieces sometimes broke 
off after the columns were out, and these defects 
were repaired by burning on. This was frequently 
done; the defects were generally on the top lug. 
The parts added were never so firm, and the appli- 
cation of the hot metal cracked the columns. The 
foreman was aware of these defects. He had seen 
cases of scabbing. He remembered some baseplates 
cast at Bathgate coming to the bridge; they 
appeared to be of Scotch iron, but they were not 
used, as the plan was altered, There were about 
10 or 12 tons of them, and he told the furnacemen 
to break them up to mix with the Cleveland iron ; 
but this was stopped by the manager, Mr. Beattie, 
who said that they were to be sent to Middlesbrough 
for pig, as they would get a better price for them. 
He was at the foundry eighteen months, and was 
there at the first casting; no Scotch scrap was put 





into the iron for the columns except twice, about 
5 ewt. each time. He saw cracks ing up and 
down in five or six columns, and about a dozen with 
the crack along the flange. There were cracks on 
the body of the columns away from the lugs. The 
were from l}in. to 14in. long, and passed throug 
the metal; they were filled up with putty and 
painted. He considered the cores were bad and too 
hard ; there were two or three lots of bad cores in 
the eighteen months, and complaints were made, 
when better cores were supplied. He corroborated 
the evidence of the preceding witness respecting 
the use of salt water. 

The next witness was. Alexander Hampton, of 
Dundee, who had been employed as moulder for 
about six weeks atthe Wormit foundry. He entirely 
corroborated the evidence of the preceding witnesses 
as to the quality of the metal but had not seen lugs 
burned on. Scabbing was of frequent occurrence, 
and as far as he knew the scabbed columns were 
used on the bridge. Salt water was not. so good as 
fresh for damping the moulds; it made them hard 
and the gas did not escape so readily. He had 
never used it before going to Wormit. He did not 
see a cold shut in any columns he assisted to cast, 
but it might exist without being seen from the 
outside. 

Andrew Forgan, who had been employed in 
dressing castings at the Wormit foundry, was next 
examined. He had frequently come across scabs, 
and the excrescences were chipped off. Holes were 
filled up with putty, and a supply of Roman cement 
was kept for this express purpose. The foremen 
knew of this. He was not a moulder, but was en- 
gaged at the cupola. The iron he considered bad, 
and he corroborated the evidence given by 
McGowan respecting the bedplates of good iron 
which McGowan had told him to mix with the 
Cleveland pig. This, however, was stopped by 
Mr. Beattie. The coke used in the cupola was in- 
ferior and sulphury. He had worked under both 
Strachan and Ferguson, but had no instruction from 
the latter to charge a certain quantity of scrap with 
the Middlesbrough pig, but scrap had been put in, 
generally about one-third scrap to two.thirds pig. 
The caissons used in the construction of the bridge 
were broken uP, and there was plenty of scrap 
lying about. He had broken up defective castings 
in Ferguson’s time, and it was gay! Ferguson’s 
custom to break up such castings, but he had seen 
defective columns dressed, and the holes filled with 
cement, the latter being generally put about the 
centre of the column where there was a blow or 
blister. 

The next witness was David Hatton, moulder, of 
Lochee. He had been at the Wormit foundry two 
or three years; he was not there when it started, 
but remained until it stopped. The iron was bad and 
sluggish, and the scum could not be got rid of. The 
columns had bad flanges and lugs. The lugs some- 
times came out, hollow, anda new part was then burnt 
on; this always cracked thecolumn. Lugs were burnt 
on frequently, and the process was carried out care- 
fully, but it could not be made like the original 
casting. He saw scabs frequently, and also saw 
holes in the columns filled with Roman cement. 
Every one knew it, including the foreman. He re- 
membered the fall of girders in 1877, and some of 
the columns were sent back to the foundry. When 
the thickness varied the top side was the thinner. 
No chaplets were used to keep down the core, but 
the latter was wedged down at the ends. The 
holes filled up with cement were caused by scabbing, 
and were about }in. in diameter and } in, deep. 
He considered that a serious hole ina pipe 1 in. 
thick. He had seen a great many of these holes, 
generally when they found one there were two or 
three near itin groups. 

William Orme, a boiler-maker at Dundee, was 
next examined. He had been engaged on the Tay 
Bridge for about six months before the opening, 
and was a foreman rivetter, the columns from the 
south end of the bridge to the north end of the 
large girders being specially under his charge. He 
fastened the girders together with Fo and fixed 
the plates and girders with bolts, There were some 
bad rivets, but they were all repaired as far as he 
knew. Mr. McBeth, of the North British Railway, 
inspected the work, and was very particular, He 
(Orme) saw a lug off a column, and it was replaced 
by a wrought-iron one fixed by screws. He saw no 
columns cracked, nor hoops round any of them. 
The columns were all perpendicular, and the bolts 
connecting them were securely screwed up and 
caulked to prevent the nuts from slacking. 





The next witness was William Gowan, a moulder, 
who had worked at the Wormit foundry for five or 
six months. The iron was not very good; it was 
sluggish, and had a lot of scum. "he did not see 
any columns which were scabbed, or of unequal 
thickness, or with defective lugs; none were broken 
up while he was there, He was not engaged long 
on the columns, but on the bottom bases, On the 
columns he cast he used chaplets, and made them 
specially ; chaplets were also used by other men. 

Edward Simpson, a diver, next deposed to the 
accuracy of a report which he had made as to the state 
of the fallen girders and corroborating the state- 
ments which had been made on a previous occasion 
by another diver, Tait, The lattice work was 
twisted to a good extent and broken too. He had 
superintended the painting of the bridge from the 
23rd of June to November 4th, and had hung all the 
stages for the painters to work upon. He also 
looked after the varnishing of the girders and went 
three times over each girder, Any defects he came 
across, however trivial, he reported to Mr. Noble. 
He found no loose rivets, but some rivets were out 
of the diagonal bars mentioned by previous wit- - 
nesses, and the bars were subsequently bolted up. He 
had felt a tremble on the bridge when a train was 
passing, but no side movement, and had heard no 
complaints about paint-pots being knocked off. He 
knew that the men took their breakfasts in the out- 
side of the high girders, and their tea was never 
overturned. He had charge of the painters at the 
north end and another man had charge at the south 
end; on the high girders both squads joined and 
finished the job, After a train passed there was a 
shaking motion and the bridge seemed to move 
north and south, but he was certain the movement 
was not as much as half an inch. He had been a 
soldier but ceased to be on May, 1869, and had 
been engaged on the bridge works ever since, first 
as labourer and subsequently as diver. He had 
never been engaged on oy | other railway bridge, 
and therefore did not know how much such bridges 
were shaken by passing trains. 

At the end of Simpson’s evidence the court ad- 
journed until Monday last, but the demands upon 
our space compel us to defer until next week the 
publication of our s of the evidence given 
on that and the following days. 





BELGIAN SteEL Rarts.—The Angleur Steel Works Com- 
pany has secured some important contracts for steel rails. 
The contracts comprise altogether 13,500 tons of rails, and 
the average rate at which they were taken is 91. 8s, 
ton. Of these rails 5500 tons wére going to America. 
The balance of 8000 tons are going to the Northern of 
o Railway, viz., 3000 tons in 1880 and tons in 
1882. 





Tue Burenos Ayres Exu1siTion.—Mr. John Hayes, of 
27, Leadenhall-street, E.C., writes us to say he has re- 
cently received instructions from the Commissioners at 
Buenos Ayres to the following effect, viz., that 400 square 
metres space is reserved for England at the Exhibition, 
and that shafting for transmitting power will be placed 
above the machines, and be of the following dimensions: 
20 metres of 3-in. shafting, 20 metres of 2}-in. shafting, 
20 metres of 2}-in. shafting, and 10 metres of 2-in. shafting. 
It is also contemplated that the whole of the buildings 
shall be splendidly illuminated by means of the electric 
light, the Commissioners having already received pro- 

from three distinct firms to light up the Exhibition 

ree of all cost, except the motive power, which they (the 

Commissioners) undertake to supply, one amongst these 

pooneenla coming from an eminent and well-known English 
of electricians’. 





Tue Exscrric Ligut at THE ALBION MILLs 
Hauirax.—The Brush electric light has just been appli 
to the illumination of a ing and combing shed at the 
Albion Mills of Messrs. John sley and Sons, Limited, 
of Halifax. The building is 200 ft. long by 135 ft. wide, 
and it was lit, prior to the application of the electric light, 

230 gas burners consuming 1265 cubic feet per hour, 
the cost for gas being about 3s. 11d. per hour. The 
electric lighting is now performed _by seventeen lamps all 
on one circuit, these with the Brush dynamo-electric 
machine having been supplied by the Anglo-American 
Electric -_ Company, Limited, of Hatton Garden, 
London. The light was exhibited last week with we un- 
derstand most satisfactory results. We hope in an 
early number to give full particulars of the Brush system 
of dynamo-electric machines and lamps, while we trust 
also later on to be able to give the economical results of 
the application of the light by Messrs. Crossley. At 
present we may state the cost of the application of the 
electric light by Messrs. Crossley has n 6601., while 
the carbons are used at the rate of 2 in. per lamp per hour 
and cost 4d. per foot. The er used in driving the 
d 0 machine is stated to be 14 indicated horse power. 

. L. J. Crossley’s devotion to electrical science is well 
slocttie light at tho. Alluon Milla promhoes to yield prac: 
é ic light a i i prac- 
tical data of much value. 
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RIVETTED JOINTS. of samples of rivetted joints. Mr. Kirkaldy for- | have since sent, and we now have pleasure in publish- 
On } 124 of our number of the 13th ult., we | warded with the letter just mentioned copies of his | ing Mr. Kirkaldy’s reports on the present and 
published a letter from Mr. Kirkaldy, in which he | reports to Messrs. Denny and Co.; but these we | opposite pages. From the large size of the joints 


re 


ferred to some experiments made by him for | did not feel justified in publishing without Messrs. | tested, and the completeness with which the results 
Measrs. Denny and Co., of Dumbarton, on a number | Denny’s express permission. This Messrs. Denny | are recorded, the experiments are of much interest, 


REPORT A. 


RESULTS OF EXPERIMENTS TO ASCERTAIN THE ELASTIC AND ULTIMATE TENSILE STRENGTH OF FOUR RIVETTED 
JOINTS OF SIEMENS STEEL PLATES RECEIVED FROM MESSRS. DENNY AND CO.—Nowinat Tuicxyess, In. 
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SKETCH OF JOINT WITH SIZES... = «. E Pr nd a 3 r 
- |@-+@ ---@--- - 
en _ SS 
iesneichpig ected 
: Malt - | 
Test numberand mark...  ... 0 sss see we N 1418. “oP N 1426. “B” N 1422. “A” N 1406. “I” 
Description of joint _... os ens eco te Lap, triple rivetted Lap, triple rivetted Lap, quadruple rivetted Lap, quadruple rivetted. 
Machine or hand rivetted _... ove eee os Machine Machine Machine Machine. 
Rivet holes and plates... eee ese oe oe For particulars, see Report D. For particulars, see Report D For particulars, see Report D For particulars, see report D. 
Plates, width and thickness ... se 13.50 x .875 13.50 x .860 13.50 x .865 13.60x.875 
Plates, sectional area, grosS 2... ue vee ae 11.812 11.610 11.677 11.900 
| Elastic. Ultimate. Elastic. Ultimate. Elastic. Ultimate. Elastic. Ultimate. 
Ib. tons Ib. tons Ib. tons Ib. tons Ib. tons Ib. tons lb. tons Ib. tons 
irom, total oe ee 16670= 74 331482106 wipe a 416,720= 186.0 265,000= 118.3 496,830 = 221.8 sneenn ts yeaa 
AEOGp Per SQUATS MACH Of gross Aree. °O _ HOCUS 4 = 910= 80 35,893= 16.0 22.690= 10-1 42,548= 19.0 24.870= 11. 559= 19.4 
Stress square inch of plates, Solid ... _...| 33,800=14.9 61,400= 27.4 650=15.0 61.167= = 14) '752= 27. '900= 16.0 61,500= 27. 
Ratio of joint to solid plate, percentage ... | 06 53.99 53. S7 27.3 33, : 14.9 60,752= 27.1 35 27 70 a * 
re f ee “ Nine rivets sheared Nine rivets sheared Plate at rivet holes 100 per cent. silky Twelve rivets sheared, 
Rivets, diameter, area, and number ... STEEL, 1.13=1.002x 9x1 STEEL, 1.13=1,002 x 9x1 STEEL, 1.13=1.002x12x1 STEEL, 1.13=1.002 x 12x1 
_— sectional area, total comes -—~y * intl - aris 4 9,018 12.024 12.024 
earing stress per square inch of rivet area | ’ =19. i = , =18. . =19. 
Tensile stress per square inch of rivet area ....| 64,840=28.9 38-206 $1319= 184 BiUi=183 
Ratio of shea to tensile, percentage... —,,.| 66,96 71.35 Rivets not sheared 66.49 
For elastic and ultimate tensile strength of solid plates, see Report O. For elastic and ultimate tensile strength of rivets, see Report D. 
Messrs. DENNY AND OO., Engineers, Dumbarton. DAvip KIRKALDY, 99, Southwark-street, London, 8.E., May 27, 1879. 
REPORT B. 


RESULTS OF EXPERIMENTS TO ASCERTAIN THE ELASTIC AND ULTIMATE TENSILE STRENGTH OF THREE RIVETTED 
JOINTS OF SIEMENS STEEL PLATES RECEIVED FROM MESSRS. DENNY AND CO.—Nowinat Tuicxyess, 3 Iv, 
































; 
oid 









































ee 4 - 

BF ine. ing ‘ ‘ Date 7 
SKETCH OF JOINT WITH SIZES wien ne ns geectensneee Ps 

A ema ge : + 

©-- -¢- 2: 0- - 
13 90 
Test number and mark ose ose eco -_ ese «| N 14lo, N 1430. “Cc” | N1i4l4. 
Description of joint... .. =... = ee ae aa Batt, double rivetted Butt, double rivetted | Butt, double rivetted. 
Machine or hand rivetted ... ese om “an one os Machine achine | Machine. 
Rivet holes and plates ne wai eco ?~ eee joa For particulars, see Report D For particulars, see Report D | For particulars, see Report D. 
Plates, width and thickness ee er é an 13.50 x .885 13.53x.880 13 52 x .865 
Plates, sectional area, gross . - am sata es 11.947 11.906 11.694 
Elastic. Ultimate. Elastic. Ultimate. | Elastic. Ultimate. 
Ib. tons Ib. tons tons | Ib. tons Ib, tons Ib. tons 
Serene, tota! .. eal eet ane ao eee eos 294,000 = 131.2 441,820= 197.2 298.000 = 133.0 454,190 = 202.8 | oa nso = 127 45.8 32 304 
tress per square inch of gross area, Joint... i pm 24,.610=11.0 36.981=16.5 25.030=11.1 38.147=17.0 = 12. 5,673 = 

Stress per square inch of plates, Solid .., ‘ - 33,600 = 15.0 62, =28.1 33,150=14.8 60.697 = 27.1 | $35,350= 15.7 63.382= 28.2 
Ratio of joint to solid plate, percentage at ee f 62. 81. 72-06 
Where fractured —.., one - ove ove on ..-| Plate at rivet holes 100 per cent. silky | Plate at rivet holes, 25 per cent. silky, 75 per cent. granular.) Six rivets sheared. 
Rivets, diameter, area,and number _... jan int . STEEL, 1.13= 1.002 x 6x2 STEEL, 1.13=1.002x6X2 | SrTeet, 1.13=1.002x6x2 
Rivets, sectional area, total square inches one - ead 12.024 12.024 | “4 jane 19 P 
Shearing stress per square inch of rivet area ... pan des 36, =16. 37,773=16.8 } 420 = 19. 
Tensile stress per square inch of rivet area es del i= 164 64.840 = 28.9 64,840 = 28. 
Ratio of shearing to tensile, percentage... ..  ... i Rivets not sheared Rivets not sheared 68.51 








For elastic and ultimate tensile strength of solid plates, see Report C. 


Messrs. DENNY AND Uo,, Engineers, Dumbarton, 


For elastic and ultimate tensile strength of -rivets, see Report D. 
Davi KIRKALDY, 99, Southwark-Street, London S.E., May 27, 1879 



















































































COPY OF PARTICULARS RECEIVED FROM MESSRS. REPORT D. 
DENNY AND CO 
aps = : : . REsULTs OF EXPERIMENTS TO ASCERTAIN THE ELASTIC AND ULTIMATE TENSILE STRENGTH AND QUALITY 
wee Tillie te Meare Daoseed On OF THE Sree. Rivets usED BY Messrs. Denny anp Co. 1n Steet Riverrep JoINts. 
The number of specimens is seven, marked respectivel 
1, 2, 3, 4,and A, B, C. = of S bs 3 |  Or1GgINAL. STRESS. | g FRACTURED. £e 
The rivet holes of those marked with figures were drilled E Ee | | 2 a3 ~ 
separately with a ly, in. drill. The plates were then| 8°55 7 r od | 3 Difference | 23 = 
heated as the boiler plates themselves would be for rolling,| @~¢“¥% 3 gs 3 la. : —_—_—— ; Extension.| 8 . 
and after cooling were put together and the holes rimered| — 2 22 =z 8 “s 3c 3] 8 o | Be #5 
out to 1} in. in diameter. as32 |= | 3 3§ af) | Sal |S late Pe 
The rivet holes of those marked with letters werepunched| £>2= | 2 | & by 25 g2 32) § $i » | es 3 Be 
Seaster’ These phates Uites hestion end ete tte | = _|_© | 8 | 3 iS 52 6/85/48) 2/2) & | ae a 
. coo — ee ee | ———— ae | ene 
mere then put together, cad ts te eer ona to | N ie sq. in Ib, tons lb. tons | p.c in. jeq. in.| in. Ib. 
in. in diam: . , - ee | 53 : 7 ; 9 ky. 
All the samples were riveted together the full width of 1435 | .798 500 | 87,400=16.6 | 69,680=31.1 | 53.6 | 59 | 273 | .227 | 45.4 | 197,619 Ey Silky 
the plates (24in.), and were then slotted out to the shape | Dia. 1/,in. | 1434 | .798 | .500 | 37,100=16.5 | 67,410=30.1 | 55.0 | .52 | 212 | 288 | 57.6 | 158,995 3 Do. 
for testing. Rivetting all done by a steam rivetting £¢ 
machine. N 1418 1437 | .798 500 =| 36,500=16.2 | 64,240=28.6 | 56.8 | .49 | .188 | .312 | 62.4 | 170,851 33 Do. 
i 1426 
(Signed) bo gt —te 1 oo | 4439 | .798 500 | 36,200 =16.1 | 63,889=28.5 56.6 | 49 | .188 | .312 | 62.4 | 169,893 ee Do 
Dumbarton, March 24, . 1406 =e 
1410 | 1436 | .798 500 | 34,800=155 | 62,460=27.9 | 55.7 | .48 | .181 | .319 | 638 | 172,541 Eg Do. 
American ELEVATED RalLRoaps.—Another elevated 1430 /; | 54.3 2 
salteead “company has been organised in Brooklyn, onl the 1414 | 1438 | .798 500 33,900=14.8 61,870= a4 | ecell 48 | 181 | .319 638 169,530 Do 
articles of association have been with the Secretary of | 883=16.0 840=28.9 | 55,3 59.2 | 161,571 cy 
State. bg a the road one as ten siiee, oan it a . 7 oe 
2. bys” _ cand New York nnd Long isla ‘Sedge Messrs. DENNY AND CO., Engineers, Dambarton. DAVip Kigkalpy, 99, Soathwarx-street, London, S.E., May 29, 1879; 
in Island City. connexion, it is contem » will . 
be with Culver’s Conay Island-road. @ capital| Tasmanran RarLways.—The residents of the Bothwell, | the Tasmanian Main Line Company's line; but the Go- 
stock of the co’ is fixed at 5,000,000 dols. The corpo- | Hamilton, and New Norfolk district, are holding meetings | vernment are not likely to enhance the value of the com- 
ration is to be known as the Brooklyn and Long Island | and agitating for the formation by the Tasmanian Govern- | pany’s property in this way, while it is possible the colony 


City Railway Company. 





; ment of a branch line to connect the districts named with | may yet purchase the main line. 
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SUMMARY OF THE RESULTS OF EXPERIMENTS TO ASCERTAIN THE ELASTIC AND ULTIMATE TENSILE STRENGTH OF 
SPECIMENS CUT OUT OF STEEL RIVETTED JOINTS RECEIVED FROM MESSRS. DENNY AND CO.—Nominat Tuickness, } In. 
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a> |e | 6 a” B@ |Shise! a |<7\<215 2 a> |élé Be |ga\se| ge leased] s 4 
oe N in. lb. tons. | Jb. tons. |p.c./p.c Ib. [p. ¢./p. ¢/p. c. N. in. Ib. tons.| Ib. tons,/p.c-|p.c.) Ib. [p.c.ip.c.|p. ¢. 
1420 | .88 |33,700 61,980 $4.3 187.2| 98,807 |1.89 |5.94|28.5 |100 per cent. silky 
N 141s § 1419 | .87 |32,900 60,820 540|35.8| 94,741 |2.92 |6.6i |27.7 Do. 
Mean |33,300=14,9 |61,400=27.4 |54.2|36.5| 96,774|2.40|6.27 |28.1 N 1418 | 1421 | .875 |36,800=16.4 |63,055=28.1 |58.3 |43.3| 111,285 |1.82 |4.52 |22.6 |100 per cent, silky, 
1428 | .87 |33,800 61,410 55.0|26.8| 91,793|1.72|5.92 |23.6 Do. 
1426 {| 1497 | 185. {33,500 60,925 54.9 |38,6| 99,802 |2.45 |6.68 |27.2 Do, 
Mean |33,650=15.0 |61,167=27.8 |55.0|32.7| 95,547 |2.08 |6.30 |25.4 N 1426 | 1429 | .860 |36,800=16.1 |61,105=27.9 |59.4|26.5| 83,214]1.84|5.11 |19.2 Do, 
san $| 1424 | 87 [33,500 61,130 54.8 |39.1| 100,534 |2.78 [6.82 |27.1 Do. 
Nl f 1423 | .86 |33,500 60,375 55.4 |45.5| 110,945 |2.78 |6.39 |29.3 Do. 
Mean |33,500=14.9 |60,752=27.1 |55.1 423 105,739 |2.78 |6.35 |28,2 N 1422 | 1425 | .865 |34,700=15.5 |61,810=27.8 |56.5/31,0] 88,906 |2.42 5.69 |28.8 Do. 
tog {| 1407 | .88 [36,500 62,590 58.3|37.0| 99,420 |1.42 |5.48 |27.2 Do. 
n1406 {| i408 | ‘87. |35'300 60,410 58.4|34.5| 92,366 |2.90 |6.62|25.4 Do. 
| Mean |35,900=16.0 |61,500=27.4 |58.3|35.7| 95,898 |2.16 [6,05 |26.3 N 1406 | 1409 | .875 |87,600=16.7 |63,160=28.1 |59.5|22.2| 81,272 /0.46 |4.54|16,3 Do. 
w1a10 $| 1412 | 88 |33,600 63.310 53.0|38.9| 108,747 |1.41 [5.78 |29.2 Do. 
{| i411 | ‘90 {33°60 62,480 53.7 |42.3| 108,346|1.41 |6.07 |29.8 Do. 
Mean |33,600=15.0 |62,895=28.1 |53.4|40.6| 106,046 |1.41 |5.92 |29.5 N 1410 | 1413 | .890 |37,800=16.8 |63,595=28.4 |59.4|36.4| 99,999] 0.39 |4.41 [22.1 Do. 
w1s30 $| 1431 | 87 [33,500 61,085 54.8 |42.4| 106,079 |2.62 |6,00 |28.6 Do. 
{| 1432 | 89 [32,800 60,310 54,3 /47.2| 114,437 |2.91 |6.52|29.6 Do. 
Mean |33,150=14.8 |60,679=27.1 |54.6|44.8 | 110,258 |2.76 [6.26 |29.1 N 1430 | 1433 | .880 |34,900=15.6 |60,160=26.8 |58.0|44.8| 109,155 |2.91 |5.72 |23.7 Do, 
wisias| 1416 | -87 [35,500 63,395 55.9 |46.2| 117,849 10.83 |5.25 |32.7 Do. 
{ | 1415 | [86 |35,200 63,370 55.5 |35.5| 98,371 |0.40/5.41 |28.1 Do. 
Mean |35,350=15.7 |63,382=28.2 |55.7 |40.8| 108,110 |0.36 |5.83 |30.4 N 1414 | 1417 | .865. |38,400=17.1 |63,790=28.5 |60.1 |24.0| 83,984 |0.25 |5.02 |19.1 
Total ‘Mean |34,064=15.1 |61,685=27.1 |55.2|39.0| 101,909|1.99 |6.07 |28.1 | Total Mean |36,643=16.3 |62,310=27.8 |58.7|32.6| 93,966 |1.28|5.00 |20.9 
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IRON CONSUMPTION IN CLEVELAND. 

Some of the facts which accumulate from time to time 
in the Cleveland district in reference to the production 
and disposal of iron are worth analysis, and if facts of a 
similar nature could be procured in regard to other 
districts, there would be a very considerable addition to 
the reliable data in regard to metallurgy. But we 
have not these details in regard to other districts to the 
same extent, and hence the incompleteness of many of 
the returns we possess. Some of these incomplete returns 
are, however, most interesting, and to one point they illus- 
trate we wish to direct attention. From year to year we 
have authentic returns of the production of pig iron in 
Cleveland, and these returns may be supplemented from 
the Customs’ returns with facts in relation to the export, 
whilst the ironmasters’ statistics show the stocks from 
time to time held by them with tolerable fulness. From 
the year 1868, then, we have for the Cleveland district 
facts in relation to the consumption of crude iron locally 
and in other districts which are worth tabulating and 
analysing. Some of these facts we shall give below. 

The Cleveland ironmasters’ district embraces, it is well 
known, a wider area than that of Cleveland, and it might 
with greater propriety be called the Cleveland and 
Durham district. In the wide area, which bears the 
circumscribed name of ‘ Cleveland” in metallurgical 
phrase, the output of iron has risen very rapidly for some 
years, and with that increase there has been a concurrent 
growth in the shipments of pig iron from the district. 
To enable us to show ‘how that increased outside use has 
stimulated the production we may tabulate the output 
and the shipments so that at a glance the position in 
this respect of the trade may be seen. The total pro- 
duction of pig iron in the “Cleveland” district, and the 
shipments from the port of Middlesbrough were for the 
years named as follows: 


Year. Production. ee 
ms. 

1871 1,884,239 544,538 
1872 1,968,972 561,701 
1873 1,999,491 579,642 
1874 2,001,233 514,868 
1875 2,047,763 664,191 
1876 2,075,565 707,546 
1877 2,138,378 782,336 
1878 2,023,177 760,039 
1879 781 


1,781,443 817,154 

Here we have the evidence of the growth of the trade, 
and of the check to that growth so far as the produc- 
tion is concerned, whilst it is evident that the shipments 
of pig iron have rapidly increased; and it is somewhat 
singular that the increase in shipments has been irre- 
gularly regular. In the years that commence the Table 
there was a very brisk trade in Cleveland, and there was 


a very large exportation of iron to which the increase in 
the total shipments was almost exclusively due; but 
after that era of brisk trade passed away, the largeness 
of the shipments to Scotland and other home districts 
more than counterbalanced the falling off in the expor- 
tation. That inerease in home shipments has gone on 
until last year; but the declension in the shipments to 
Scotland which was apparent last year has been more 
than counterbalanced by the increased trade to the 
United States. It is fair to observe that whilst the 
earlier returns of the shipments include the small ship- 
ments of iron from other ports than Middlesbrough, 
only those from the latter port are yet procurable for 
last year. Turning next to the question of the home 
consumption of iron, we are met by the fact that the 
increase or decrease in the stocks of pig iron rather 
modifies the apparent conclusion that the balance of the 
production after the allowance of the shipments is the 
consumption. And it must also be borne in mind that 
there is a quantity sent inland to other centres of con- 
sumption by rail." We can allow for the former con- 
sideration by adding the amount of decrease of stocks or 
deducting the amount of increase; but there are no 
reliable data for the latter. We can, therefore, only 
give the apparent consumption from which allowance 
must be made for the railway sent iron. But even with 
this qualification the figures are interesting. They are 
as under: 


Year. Shipments. A SS 
tons. tons. 
1871 544,538 1,370,000 
1872 561,701 1,430,000 
1873 579,642 1,380,000 
1874 514,868 1,478,000 
1875 664,191 1,398,000 
1876 707,546 1,196,000 
1877 782,336 1,226,000 
1878 760,039 1,100,009 
1879 817,154 1,000,000 


This rather remarkable declension in the apparent home 
consumpiion of pig iron in the North is subject not only to 
the consideration which we have named, but to another 
—that of the inclusion in the production but not in the 
consumption of certain kindsofiron. That fact to which 
reference has been made of the non-inclusion of railway- 
borne iron is equal throughout the years, and thus it 
affects the quantities given, but not the average consum 
tion to any appreciable extent. That is to say, that the 
fact that in the home consumption the iron sent else- 
where is included affects the totals yearly, but probably 
not the rtion which these totals bear to the iron 





exported. But the other fact has such a bearing. In 
the production of iron all classes made in Cleveland are 





Davip KirxaLpy, 99, Southwark-street, London, 8.E., May 28, 1879. 


included, but in the stocks only Cleveland pigs are in- 
cluded. Butas the production of hematite iron and 
spiegeleisen has only recently been introduced on a large 
scale into Cleveland, the change will affect the last few 
years only. It is clear, then, that after making all 
allowances that can be made, there is a diminished local 
consumption of iron, and that to a considerable extent, 
whilst the shipments from the district have continued to 
increase. Unless this action should be reversed owing 
to the revival in the manufactured iron trade, the con- 
clusion might be drawn that in Cleveland the production 
of crude iron for use elsewhere is becoming the predomi- 
nating; but before this conclusion is arrived at the effect 
of the present revival and its possible permanence must 
be more fully appreciated. 





BriGian Coau.—In 1879 Belgium exported 4,275,924 
tons of coal. The corresponding rts in 1878 were 
3,889,411 tons, and in 1877, 3,515,020 tons. 


Port ADELAIDE Docks.—This important work is fast 
approaching completion. The excavation of the basin is 
nearly finished, and all the roads have been removed save 
one. Over the whole area of the,dock an excellent bottom of 
stiff clay has been found at a uniform depth of 20 ft. below 
the level of low water at spring tides. The front row of 
piling has been nearly com and about one-half 

e 


sheet piling is in place. All the piles, beams, and 
eaiioge ace @ samceh Seber, ont Gaev comps of this 
valuable hard wood could hardly be seen. The raised 
platforms round the basin are now being carried out, and 
they will form one of the marked features of this dock by 
i ample room for handling and stacking cargo and 
cks than 


gi 

affording greater facilities for loading into 

obtain on any of the existing wharves at the port. Round 
these platforms a double line of railway is to be laid, with 
a connexion to the Government railway by St. Vincent- 
street, which road is now being raised by the dock com- 
to the genezal road level at the port. The work of 
gan entrance to the dock across St. Vincent-street 
been commenced, and already a considerable ion of 
the excavation has been taken out, The will be 
60 ft. wide and will be retained by timber walls on 
each side. It will be crossed by a swing bridge for which 
an American firm—the Edge Moor Iron Company—has 
taken a contract. The fou ions for this bridge, on the 
design of Mr. G. ier, the company’s i- 
neer, are to be of timber and concrete, and they have been 
started, the excavation for the centre oo 
taken out. Satisfactory progress has been 

the work of ing out a channel about 1000 ft. long 
and 60 ft. wide, through the South Australian Company’s 
basin. This contract was by Mr. Jacobsen, of the 
Ports, and it is being performed by means of spoon 


4 


pan; 
cut 
has 





re oe worked by steam, and averaging about 7000 tons 
of silt per month. 
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THE TAY AND FORTH BRIDGES. 

On the Proposed Bridges for Carrying the North British 
Railway across the Firth of Forth, with some Remarks 
on the Structure and Cause of the Fall of the Tay 
Bridge.* 

By Mr. Sr. Joun V. Day, C.E., F.R.S.E., M. Inst. M.E. 
Since the necessity first presented itself of carrying a 

railway across the Menai Straits, now about thirty-six 

years ago, questions relating to the best principles to apply 
in the construction of wide span bridges, whereby to so re- 
duce the Ly 1 | of material employed, in order to obtain 

a minimum of “ dead load,’’ consistently with a sufficiently 

high factor of safety for the structure itself at the instant 

of maximum stress, is one which has grown with an increas- 
ing interest, demanding the grave consideration both of the 
engineer and the mathematician. In a mountainous island 
like our own, with its river systems descending on all sides 
to the sea througk broad estuaries or firths, thickly popu- 
lated, with numerous cities, extensive sea-ports, and 
habitats of industry located on its shores, it become 
imperative to the users, both on the score of time of transit 
as well as distance traversed, that the shortest direct lines 
of communication for railway traffic, both coastwise and 
internally, be established. ‘‘ Through-trunk-lines’’ at the 
interior, with branches leading outwards crossing the rivers 
at points inland where the “‘river-breaks’’ are narrow, are 
no longer sufficient, for such an ent involves some- 
times more than a doubling of the direct distance to be 
travelled by resort to an inverted loop line, whilst a long 
span bridge across a broader part of the river or estuar 

would provide a straight roudway. Several “throug 

lines’’ have become a necessity, and especially to connect 
by a direct and ehortest route the sea-board cities and towns 
with the metropolitan and other great towns and cities of 
the interior. Throughout the southern part of our island 

(England) we have two principal trunk lines proceedin 

from the metropolis for the westward and central cities an 

towns converging to a common point at Carlisle, viz., the 

London and North-Western, and the Midland Railways, 

while the eastern portion is traversed by the Great Northern 

and Great Eastern lines, these being respectively continued 
the Caledonian, G w, and South-Western, and North 
ritish Railways, which couple the great through railways 
of the south with those leading to the extreme north. The 
result of this has been to create the necessity of crossin 
our rivers at their estuaries in place of further inland, 
thereby involving the erection of bridges of sufficient height 
and width of span, or to tunnel beneath their beds so as not 
to interfere with naval or shipping inferests. 

To the North British Railway Company in particular the 
crossing of two such estuaries has presented in some respects 

ter difficulties than have been met with in other cases, 
est it be in that of the Severn from New Passage to Port- 
skewit, where a tunnel is being made, but is now stopped 
through the flooding of the works by the incursion of the 
water from the uplands on the Welsh side. » 

The full development of the eastern traffic of our island, 
namely, that which naturally proceeds by the North British 
Railway system, has been seriously hindered through the 
delay in transit caused by the Forth and Tay estuaries 
making two broad cuts across that line, and for many years 
the bridging of these gaps has been contemplated. In 
regard to the former—the Forth—the contracts have 
recently been made for the erection in steel of a suspension 
bridge of the longest span ever attempted, and it is with 
reference to the bridging of this estuary that this paper is 
more especially concerned. 

The procedure, however, in reference to the contracts for 
this bridge is without a parallel, and therefore demands 
some notice, the more especially so, as I am informed by 
the Secretary of the Board of Trade that the working 
stresses or factors of safety upon which the construction of 
the Forth Bridge is to be allowed to proceed, are at 
present ‘‘ under consideration.”’ 

In a report dated Westminster, June 30th, 1873, of which 
I have the fortune to possess a copy, Messrs. W. H. 
Barlow, F.R.S., and William Pole, F.R.S., point out that 
** the whole of the calculations’’ in their report ‘‘ have been 
based on the employment of steel of a tensile resistance 
of 40 tons per inch, with a maximum strain not ex- 
ceeding 1° tons per inch.’”” This means, in other words, 
that a factor of safety of 4 was at the above-named date 
adopted and thought sufficient. The appendix to this 
report is so significant in view of what I have to direct 
your attention to, that I quote it here complete ; 

**The whole of the calculations in the foregoing paper 
have been based on the employment of steel of a tensile re- 
sistance of 40 tons per inch, with a maximum strain not 
exceeding 10 tons per inch. 

“*The extensive series of experiments made on steel by 
Messrs. Barlow, Berkley, and Galton indicate that when 
steel is made of high strength it diminishes in ductility, and 
that the greatest ductility was found in bars having an 
ultimate tensile resistance of from 33 to 36 tons per inch. 

“In this material, which is a milder quality of steel, a 
10 ft. bar, 1} in. in diameter, will extend about 12 in. before 
breaking, and the fractured area pulls down to lese than 
three-fourths of the ori sectional area. The elastic 
limit is 16 to 17 tons, and the astion is remarkably regular. 
Moreover, it is of quality which can be obtained in large 
quantities at a moderate price. 

**I¢ was, therefore, deemed desirable to ascertain what 
differences would arise in the strains, and consequently 
in the weight of material, from substituting this quality of 
steel strained to 8 tons per inch, instead of steel of 40 tons 
strainéd to 10 tons per inch. 

“The calculations of the bridge were, therefore, gone 
through again, and the accompanying diagrams show the 
relative strains which would arise from the employment of 
these two qualities of material. 


* Paper read before the Institution of Engineers and 
Shipbuilders, Scotland. 











‘* These duplicate results have been obtained by i 
dent calculations, made under the direction of Mr. Barlow, 
by his former pupil and assistant, Mr. Charles ~—— 9 , 

“Taking into account the lower price of the steel, it 
would appear that this more ductile material could be em- 
ployed without increasing to any appreciable extent the 
total cost of the bridge.’’ 

Now, it will be apparent that until the permanent work- 
ing stresses or factors of safety for the bridge are adjudi- 
cated by the Board of Trade, that neither the weight of 
the structure, nor the scantlings of the several members 
thereof, can be fixed, so that in spite of the reports which 
we have had of the recent progress made in the manufac- 
ture of steel for the chains, &c., we, as engineers, 
can perfectly understand that any numbers of ingots may 
be got ready for conversion into what are of necessity at 

resent unsettled sections. It is not our business, as an 
nstitution of Engineers viewing the application of the laws 
of science in structures rather than the numerous com- 
mercial questions which arise in connexion with a pa 
engineering work, to discuss the latter ; yet when fixing 
our attention on the fact that by the alteration by a unit* 
(in a girder bridge of say 600 ft. long, 37.5 deep, and 14 ft. 
wide) of the factors of safety—namely, 
f = tons tensile inch strain of net section, 
f'= tons compression inch strain of gross section, 
the difference in the weight of material for the structure is, 
to say the least, seine. 

In a single girder bridge for a single line of railway of 
the above-named dimensions, Stoney gives two cases: (a) 
in which f=5; f’=4; from which L=permanent bridge 

=9102.0 tons ; 
(5) in which f=6 and f’=5, L =3799.4 tons 





5302.6 tons = 
difference by alteration of the factors of safety by unity.f 
It is important, in the interests of the public, to know 
whether the contracts for the erection of the Forth Bridge 
have been concluded on the factor of safety of 4, which was 
so strongly recommended in the report of 1873, or whether 
a higher factor of safety which a structure subject, by 
virtue of its own dimensions, weights, and varying direc- 
tions of stress, to unprecedented destructive intiuences, 
seems to demand. It is further to be hoped that the con- 
tracts are taken on a sliding scale, so that the contractors 
may reap remuneration in proportion to their risk, for other- 
wise, with the working stresses or factors of safety being 
yet unsettled by the Board of Trade, it is wr “¥ ensible 
that a contractor can know the real [state of the case on 
which to base his estimates. 

In regard to the latter estuary the Tay— 

When towards the end of last month, in response to re- 
peated solicitations from the secretary to contribute a paper 
to this Institution, I promised to read that which was at 
first intended to be a notice of what had appeared to myself 
a very excellent proposal for constructing a long s rail- 
way bridge, and especially the long contemplated bridge 
across the Firth of Forth, it is probable that but few of us 
apprehended the nearness of so dire a catastrophe, the over- 
throw of the highest part of that other great structure on 
the same line of railway—the Tay Bridge—and the buryin 
with itself in the waters it spanned, a train freighted wit 
so many human lives. That work has been completed, its 
importance to the nation demonstrated ; but being insuffi- 
cient for the service it had to perform, it has fallen an un- 
precedented wreck into the estuary over which it had for 
so short a lifetime raised it attenuated lattice back. The 
appalling shock of this unparalleled destruction of life and 
fen pe on our railways is so fresh in our memories that I 
need not allude to its details ; indeed, it can only be matter 
of deepest regret to every engineer that an occurrence, a 
failure of a work so vast in dimensions, in one respect 
exceeding all that has been achieved in bridge structure 
either in this or other countries should have to be mentioned 
under a category of circumstances so mournful as that by 
which it is cireumvented. Yet it became impossible for me 
to adhere to the original plan of this paper,<when a failure 
so gigantic in long-span bridge structure had occurred right 
at the moment of arranging its details, the details in short 
dealing with a branch of a of which the Ta: 
Bridge was one typical example as a completed work. 
have, therefore, felt it to be almost incumbent upon myself 
occupying your attention as I have undertaken to do this 
evening to make some few remarks on what has — 
to me amongst the most probable primary causes of failure 
of the highest part of the Tay Bridge ; and I do this in the 
hope that although the views I entertain on the matter ma 
possibly be considered ever so erroneous, yet a start wi 
thereby be given to a discussion of the probable cause, or 
causes, of the catastrophe which cannot but be useful ; 
which, emanating from an Institution comprised of engi- 
neers of all classes, cannot fail to shed — ight on 
points to be watched in the structure of bridges of long 
span and high level of roadway in the future. It is, then, 
expressly to elicit discussion that I bring these matters 
before you. 

Those who have read the several theories which have been 
propounded as to the cause of the failure must, on careful 
consideration, have been surprised at the opinion most 
generally expressed, namely, that the presence of the train 


* On the difference here given I have not had time before 
printing this paper to give Stoney’s calculations the re- 
quisite consideration : what I here quote from him must 
therefore for the present not be considered a permanent 
statement. 

+ ‘‘ Strains in Girders and similar Structures,’’ 1873. 
Longmans, pp. 542 et seq. . 

t fstons tensile inch strain ‘of ‘‘net section ;’’ that is, 
total section minus sectional area of rivet holes, these de- 
tracting from the area resisting tension. /’=tons compres- 
sion inch strain of section ; that is, total sectional 





area including rivets, the whole area in this case resisting 
compression. . 





upon the highest portion of the bridge at a moment of in- 
tensest severity of the gale, acted as such a barrier surface 
to the wind, or in other words blocking up part of its frev 
passage through the lattice work, caused, for the instant, 
80 —+¢ an addition to the wind resisting surface, that the 
lateral stress on the bridge was increased beyond its up- 
setting moment, so that the train’s presence was the cause 
of the bridge being blown over. Another form which this 
theory has assumed, viz., that the carriages were blown 
over against the eastern girders, and that the impact 
thereof coupled with the train’s motion acting against those 
girders upeet a portion of a structure whose weight (of the 
fallen part) was twenty-nine times or more than the weight 
of the engine and train, is equally untenable. If it were 
possible that the failure of the bridge was due to either of 
such causes then we must stand aghast, and wonder why 
those who were entrusted with the design and construction 
of such a work had not fixed the upsetting moment very 
much higher, indeed in every wa: co provided to the 
fullest against the destruction of the bridge by causes, the 
frequent occurrence of which, both before and during 
the construction of the work, must have been a constant 
source of warning. Many attempts in the engineering 
journals have been made to calculate the upsetting moment 
of the fallen part of this bridge, but without more precise 
data as to the actual areas acted upon, these can at best be 
but very rough approximations. For the present, then, 
and until I obtain certain facts, for which I have applied 
to the Astronomers-Royal of England and Scotland, Pro- 
fessor Grant, Dr. Robinson of Armagh, and others, I 
refrajp from committing myself to an estimate thereof. 
Theh in order to calculate with anything like precision the 
stresses acting on the bridge we must know much more 
than is assumed in the calculations which have been made, 
for instance, the precise direction or line of effort of the 
gale, the retarding effect of open lattice bars as com 

to solid plate to which attention has been drawn by Mr. T. 
Claxton Fidler; the retarding effect also of the leeward 
girder, as well as the retarding effect and tendency to lift a 
flat surface like the underside of a pair of lattice girders 
carrying a roadway between them.* In calculating this 
moment of stability, too, I observe that the areas of the 
columns are taken as flat surfaces. The late Professor 
Rankine, however, in regard to the stability of chimneys 
pointed cut that a round chimney exercises but one-half of 
the [retarding effect on wind as compared to a square 
chimney ;+ an important correction, therefore, in the 
calculations has to be made for this. One thing which it is 
well to notice here, that as compared with other structures 
the width of base to the vertical height of the piers in the 
case of those piers of the Tay Bridge which fell is not much 
the same as in some other structures of a like class which 
have stood the test of many years, but in less exposed 
situations — the proportion of the batter of the Tay Bridge 
piers in this respect seems to be about one-sixth of that 
adopted in the Great Crumlin Viaduct, which has been 
looked upon as unique in its design and economy of material. 
If, therefore, the Sa adopted were considered 
necessary in the case of such an example as the Crumlin 
Viaduct, it would point to the fact that a very much greater 
width of base to height was necessary in the piers of a 
structure so exposed to gales as the Tay Bridge, in order 
to insure its safety, and in consequence, too, of the greater 
length of structure like the Tay Bridge. It also clearly 
further points to the necessity of a greater breadth of base 
for the piers. While then after having examined the bridge 
for myself in its present state, and having collated facts 
relating to it, the cause of failure, it seems to me, is not 
far to seek. Indeed, had the original design been carried 
out, I am of opinion that the wreck of the great work 
such as we now contemplate would never have been 
before us. 

In the original design (and this was carried out until the 
death of Mr. De Bergue, the first contractor) it was intended 
that all the high piers should be constructed of brick in 
cement up to the level of the underside of the girders, like 
the first 14 piers atthe sonth end. After Mr. Be Be: s 
death, the contract passed into the handsof Messrs. See 
Gilkes, and Co., of Middlesbrough, and the structure of 
the remaining high piers was altered ; this alteration in- 
cludes the piers of the wrecked portion of the bridge. The 
alteration, so far as I have been able to gather by inquiring 
of those engaged in, or for, the construction of the bridge, 
was primarily influenced through the difficulty of getting 
the 15th pier from the south end to settle down perpen- 
dicularly. From the borings which were made across the 
river bed in the line of the bridge it was assumed that the 
rock was continuous,t or nearly so, so that the piers when 
sunk to their intended depth would rest upon it. 
Some of the original drawings of the bridge show this. 
It appears, however, from the statement of some persons 
who were e ed in the borings, that sometimes boulders 
and detached masses of stone were passed through prior 
to the actual bottom being reached, so that a pier meeting 
with one of these in its descent, and the curb at its bottom 
coming in contact therewith, was by its own weight actuall 
canted over. In the case of the 15th pier from the sout 
end, that is to say, the first pier in which the superstruc- 
ture is altered by substituting braced cast-iron columns for 
brickwork, that pier is shored up by material thrown up 


* As to the very decided character of this lifting in- 
fluence of the wind see a paper by Colonel C. W. Pasley, 
F.R.S., vol. iii., Trans. Inst. C.E. a.p., 1839, to which my 
attention has been recalled by the kindness of Mr. James 
Meldrum, €.E. I am also indebted to Professor Piazzi 
Smyth for most valuable testimony in regard to wind pres- 
sures, and the variations in its velocity and pressure pro- 
duced by the shapes of channels through which it is 
blowing, all of which I purpose to refer to in the discussion. 
The Astronomer-Royal, too, has kindly promised me infor- 
mation bearing on this matter. 





+ ‘ Civil Engineering. 
tT See Engineer, 4th April, 1873. 
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around its base so as to give a broader area of foundation, 
upon which additional brickwork is built up around the 
original pier to nearly high-water level.* This pier having 
been brought to a stable condition, it seems on the part of 
the engineer or contractor, or both, to have been feared to 
place upon it and the succeeding high piers, the heavy 

rmanent load of a superstructure of brickwork raised 
throughout to the underside of the girder, so that from 
this pier, that is to say, including itself cnwards through- 
out the highest portion of the bridge, the lighter super- 
structure of braced cast-iron columns was adopted. 

The structure of these ‘cast-iron columns is, I regret to 
add, singularly at fault in the light of what is plainly the 
effort which tay 4 have to discharge in carrying the i 
manent ‘‘ dead ” of the bridge and its transient “‘ live 

.? This remark applies in a two-fold form, for the 
reason that the structure of the piers which carried the 
highest girders (those which have fallen) and that of those 
piers which carry the immediately as portions on 
each side thereof essentially differ. In the case of the 
higher piers each of the sets of three legs or struts form- 
ing the boundaries of the elongated hexagon (which figure 
they constitute in plan), is straight throughout its entire 

length, the outer leg or strut having a batter of one in 82. 
Then these legs, or struts, carry at their top a triangular 
box girder, as shownt at Fig. 1, Plate X., and the main 
girder rests midway between them. It will, therefore, be 
seen that the —_ outer column of the three at each side 
of the hexagon, has the same load to carry as the two 
inner legs carry together. One half, therefore, of the 
‘*dead’”’ and “live loads” of this part of the bridge is 
carried by the two outer columns of the hexagonal towers, 
whilst the other half has double the number of columns 
(these furthermore being vertical to carry it). A more 
erroneous distribution of the load it would be difficult to pro- 
duce, for the two outer raking columns had twice the work 
of carrying the girder to do of each of the four inner ones. 

It is true that the outer columns were 18 in. in diameter 
as compared to the inner ones which were 15in., but not 
being perpendicular they were in a less favourable position 
to resist the downward stress of the load. Had the load 
been directly placed on the four intermediate columus, by 
which I mean had the lower booms of the girders rested 
directly upon the portion of the box girders immediately 
over their heads, and the two outer ones. used for shor- 
ing up the structure against lateral wind pressure, the 
bridge would have had a much higher moment of stability ; 
but the original design having been departed from, namely, 
of carrying the brick in cement to the full height, which 
would have given an equal distribution of the load, as shown 
at Figs. 6to 9, it becameimpossible with the floorage of stone- 
work of the dimensions upon which the braced columns were 
ultimately erected to provide a proper distribution of the 
load, for in constructing them no other form than a 
hexagon could produce sufficient width of pier head for 
carrying the highest girders when founded on the ashlar 
caps of the dimensions with which the submerged portions 
of the pier are finished. 

It is, I think, plain from what I have seen that the 
builders of the bridge found the width of the pier-caps 
much less than what they should be, for the six iron 
columns (though without much regularity in this respect) 
are for the most part pushed as far out on the edges of the 
caps as they can be. It is not to be forgotten either that 
the triangular box girders on which the main girders rest 
are not tied together ; they consist simply of two triangular 
boxes each corner yer rey te | resting on its corresponding 
column. In place of this they been connected by other 
cross girders so as to form a continuous box girder hex- 
agonal top to the columns, the stability of the bridge would 
have been enhanced, and I of course assume this when 
ois above of the advantage of having utilised the 
outer columns of the piers as shoring columns. 

_I father noticed in examining > ow columns that pro- 
vision was made for the introduction of three tiers of deep 
iron girders at about equal intervals in the height of the 
columns, which would have added to the stability of the 
structure ; indeed, in an excellent model of these columns 
in the museum at Dundee, all these deep iron girders are 
shown in situ. We may, therefore, well ask why they 
were omitted in the actual structure, for the flanges and 
bolt holes for receiving them were cast and still remain in 
those portions of the colamns, so many of which are either 
lying upon or hanging by the bracing around the pier 


s. 
_ With regard to those piers which carry the girders on 
either side of the higest portion, here also there Fo larin, 
oversight in the use of material to the best purpose. Fig. 10 
1s a side elevation of one of these piers, from which it will 
be seen that the six columns or struts are all vertical ex- 
cepting the upper 10 ft. length of the two outer columns. 
These are inclined inwards, as shown, until their heads 


* I was at least so informed at first. 
the per was written I have had the advantage of some 
explanation as to the manner in which this pier was 
steadied, and of which Mr. Anderson has promised to send 
me a drawing, which I shall communicate to the Institu- 
tion when received. 

t [As we have already illustrated these piers we have 
considered it unnecessary to reproduce the diagrams be- 
longing to Mr. Day’s paper.—Eb. E.] 

1 Since this was written my attention has been directed 
to this point by the President of the Court of Inquiry, to 
whom it has been suggested that these formed part of the 
cpperatas by which the girders were raised to the top of 

e piers. Such may very well have been the case, and I 
observe that Mr. Grothe, in page 59 of {his pamphlet on the 
Tay Bridge, refers to the use of stay? bolted between the 
—— for carrying the hydraulic apparatus by which 

od pes were raised. On this point, however, I reserve 
= have to remark further on the matter for the dis- 





Since, however, 





come in line with the heads of the other two columns, and 
a straight box girder rests upon the whole. It will be seen 
at a glance that nothing could be worse than this arrange- 
ment of the outer struts to resist the oer of the load, 
this being further vated by the absence of any direct 
cross ties at the angle, the weakest portion of these colamns. 

With regard to the bracing of these columns, it was for 
a stracture having such functions to discharge most de- 
fective, for none of the joints which I examined seemed to 
have fitted, whilst the holes through which the bolts passed 
in the lugs and ties were $ in. or more larger in diameter 
than the bolts passed through them. We can judge from 
such looseness of structure how abnormally those lugs and 
ties and bolts were strained by wind stresses, or the oscilla- 
tion from passing trains, when the openness of the bracing 
joints prevented each part of the structure from bearing its 

roper proportion of the stress. Suchs , too, were pro- 
Sactive of a further evil by allowing the salt water of the 
river spray to enter the joints, thereby rusting the bolts with 
the rapidity with which salt water <allions ises iron. I was indeed 
surprised at the extent to which in so short a time these 
bolts had been converted into rust, so much so that had 
this structure been in other respects stable, the bracing 
bolts would (for safety) have had to be replaced every four 
to six years.* 

The holes in the flanges of the columns were also much 
too large for the bolts; some that I measured were fully 
$ in. too large, whilst it has been said that other holes were 
nearly }in. larger than the bolts, and the joints of the 
columns do not appear to have been tight, indeed the salt 
water seems to have got in. 

Nor can I omit to notice the diagonal bracing of these 
piers. It consisted of what were mere ribands of iron, one 
end of which was bolted to the lugs at one corner of the 
rectangular spaces of the columns, whilst the opposite end 
was coupled by a pair of short plates, through holes in 
which corresponding to holes in the bracing ribands, gibs, 
and eotters were passed for tightening them. Now, ac- 
cording to the direction of the wind stress or oscillation 
stresses, that is to say, as the wind blew from either an 
easterly or westerly point, or the bridge oscillated from 
east to west by passing trains and vice versd, so the stresses 
on the diagonals were alternately those of compression and 
tension, that is to say, the same member had alternately 
to discharge the function of strut and tie. Not having, as 
I bave previously remarked, the requisite data for calculat- 
ing these stresses, excepting subject to considerable cor- 
rection, we cannot for the present arrive at the tensional 
and compressile stresses on these diagonals—but as prac- 
tical men we cannot have a doubt that although the dia- 
gonals may have had sufficient section for the tension 
stresses, yet for compression such a section was useless. 
Furthermore, it is difficult to conceive any arrangement 
more likely to produce the eventual destruction of the 
fabric than the gib and cotter joints above , for the 
very essence of such an arrangement is to allow of motion 
between the * i to the direction of stress 
— to the structure. Such a joint cannot be tightened 
unless it has room for farther draw. Such a system of 
diagonals can only be effeetive when they are of the requi- 
site section to act as struts resisting the maximum stress 
applied to them, and in — case fixed by bolts tightly fit- 
ting all the parts so coupled, so that there s' no 
motion between the parts. In American bridges, I under- 
stand, it is the regular practice to bore all the holes, and 
turn the bolts to fit them tightly. 

In respect of the nature of the iron used for casting the 
10 ft. lengths of tube of which the piers were formed, 
on examining the fractures of the piers I was 
struck with the great number of cases in which either 
the lugs were torn off by the diagonal bracing ties, and not 
unfrequently large portions of the castings out of 
the body of those parts of the tube from which the lugs 
protruded. And as to the bolting, there is the most 
glaring absence of the want of careful inspection. In some 
cases four and five, possibly more, washers are used, in 
pe pee "saan and three, in others one, in others again parts 
of washers. 

Before leaving this part of the Tay Bridge I should wish 
to point orryee da is plainly another source of weakness, 
viz., the insufficient length of the holding down bolts by 
which the iron columns are attached to the pier heads. 
These bolts extend only through the first two courses of 
ashlar, and I do not remember observing that in any case 
they were broken through, but that generally their suffi- 
ciency of gee | for the light weight of masonry attached 
to them is made manifest, by the fact of the courses of 
ashlar through which they pass being turned up, and 
broken right off at the course joints. If not quite torn 
up, as in the case of the fourth, seventh, 


bridge, the pier heads are lifted and shuken on the western 
side, as in the case of the fifth pier. It is plain from the 
manner in which the pier heads are ruptured, that the 
ho) -down bolts should have gone far enough down into 
the su cture of the piers, so that the weight of the 
masonry inclosing these bolts should have been four or five 
times in excess of the lifting force, which would cause such 
a breaking up of the as is now to be seen.ft It is too 
painfully easy to find fault and become wise after the failure 
of such a nationally useful work as the Tay Bridge, and I 
can only remark how much more congenial it would ha 

been to myself to have found therein excellence of design 


* Taminformed by Bailie Thomson, of Dundee, that he 
has in his possession one of these bolts nearly, if not quite 
half way, converted into rust. It is appalling to conjecture 
the life of a structure de i 
source of self-destruction. 

+ With reference to the holding-down bolts, I am, since 
reading this paper, informed by Mr. Anderson, of % 
who built several (the greater number, I believe) of the 








ighth, and 
ninth piers, counting from the north end of the broken | take down 


con; 
g upon one such increasing | was 


and thoroughness of execution, than having to point out 
the absence of both, as so conspicuous. 

To return, however, to the iron piers, there can be little 
doubt but that in a strictly normal condition such piers, 
even with all their want of fhe proper application of the 
true principles of the distribution of materials, were strong 
enough to carry the superstructure, yet with a very low 
factor of safety, quite irrespective of their inferiority to the 

iers of solid brickwork in cement of the original design. 

ut then it seems to have been overlooked by the engineer 
who designed these piers and by the contractor who built 
them—that the final step taken in their construction was to 
entirely destroy the possibility of their remaining in a 
normal state. For what was done? We are told by Sir 
Thomas Bouch and by Mr. Gilkes that these cast-iron 
tubular legs,some 18 in. and others 16in. in diameter, 
were wege = paca cee If we en the effect + = 
chongms 6 mperature to which a structure exposed like 
the Tay Bridge was subjected from the highest summer 
heat to that of the lowest winter cold, we find that it 
is next to impossible that a cast-iron tube of 15 in. or 18 in. 
diameter, and from 1 in. to 1} in. thick, of tegen 
metal filled with a concrete core in the summer, would 
resist the stress of contraction through ajrange of tempera- 
ture lowering by even say 65 deg. to 70 deg. Fahr., to which 
it would be ex on @ very day in winter.* Yet this 
is the fact, or set of facts rather, with which we have to 
contend in considering some of the reasons of the failure 
of the bridge. 

(To be continued.) 


FinisHing oF THE HarBourR Works AT ALEx- 
ANDRIA.—The contract supplementary to that of Messrs. 
Greenfield and Co. has been given to Messrs. Storari and 
Radice ,of Alexandria, the contract price being 54,0001. 
The said works are well advanced and comprise bon 
stores, paving, and also a new custom-house ; the whole of 
the ironwork required for this contract is in the hands of 
Mr. G. Archer, of Alexandria, whose agents in London are 
Messrs. H. and A. Carter, of la, Laurence Pountney-hill, 
Cannon-street. This firm placed the order for the iron 
sheds with the Stockton Forge Company, of Stockton-on- 
Tees, and the sheds are now completed and ready for ship- 
ment. The enterprising con‘ rs who have en thi 
contract nage to have entire confidence in the Baye i 
Government, inasmuch as they have engaged the ves to 
complete the whole of this work against payment extending 
over two years from the date of completion. The receipts 
accruing from.tbe sheds are mo to the con- 
tractors as guarantee for the payment of the contract 
price. Itis to be hoped that the Egyptian Government 
will show itself worthy of the confidence which the con- 
tractors seem t6 have in it. 
the fifteenth northmost pier northwards, that in the case of 
the two or three northmost piers of the high or mid-section 
of the bridge, as well as in the case of the two or three 
southmost piers thereof, the holding-down bolts not only 
were carried down through all the courses of the stone 
of the piers, but that they extended to some 2ft. into t 
brick in cement portion. It is inconceivable that any good 
reason can be adsigned for these variations in |the hs 
of the holding-down bolts, such an arrangement making the 
thirteen fallen spans their weakest point. Such being the 
case must alter altogether the notions which have been ex- 
pressed up to the present sime as to the manner in which 
the bridge gave way. In place then of beginning to fall 
from either the north or south ends Iam now disposed to 
believe that the bridge yielded by the pressure of the wind 
at the centre part ‘‘ it into a long curve having 
the versed sine east and west, and that the stress thus pro- 
duced on ——— in their narrowest direction, that is 

south from either side of the centre, 
caused the extreme northern and southern ends to be p 
outwards off the box girders which carried them. This 
SON lengthen The i effect of the wind ag | 
4 ‘ ec ing”’ oO! 

applying to all the of gi i 

further study, too, of the presext state of the braci 
the extreme ends of the northern and eastern ends o 
bridge seems to favour this view, and 
necessity for the piers of such a bri 
very much wider in their bread 


the Tay Bridge pier base. i 

again to-eniah hase, it is certain, from thi 

present piers, by which I mean the brickwork and 

portions thereof, are insufficiently wide to carry 

columns for supporting the main gi at such a aac 

and span. As it is certain that the facts relating to thi 

of the structure will be sifted by the Court of Inquiry, 

deem it right to state here, that it will 
e t masonry and brickwork of 

to the ends of eee afleesd traralartar't 

suc 

constructors of the bridge? 

questions as to the structure of the brickwork and 

of the fallen piers, other than those to which I have directed 

attention in my paper, must arise, Ijdeem i 

annex here the remaining facts with which 








the 


braced 


for the two or three south end piers, were made at 
. The remainder of the bricks of those south piers 

which were built of brick hout, were, for the porti 
tfour : the lining of the 


above high-water level, from 
sub: ions, to about 5 ft. above high-water lerel, 


of bricks. 
* We must not forget that the range of tem 
dari eee, Yan ee quasten San ae, gee ne ee. 8 


the 
Fahrenheit w the 





I 
brick in cement and stonework portions of the piers from 


had descended by three 
lowest point of the low temperature of 1878-2 
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FOREIGN AND COLONIAL NOTES. 
Street Paving in Paris.—The rigorous winters ex- 
perienced in 1878 and 1879 have occasioned great injury 
to the asphalte paving of Paris, and have involved by conse- 
quence heavy losses to M. Crochet, the contractor charged 
with their maintenance. M. Crochet has applied for an 
indemnity of 20,8001. The Prefect of the Seine has re- 
duced the amount to 11,2001., and has recommended the 
Municipal Council to allow that sum. No definite decision 

has as yet been arrived at, however, upon the subject. 


The Suez Canal.—The transit revenue of this great 
canal amounted in January, 1880, to 152,0001., as compared 
with 87,0001. in January, 1879, 114,0001. in January, 1878, 
112,000. in January, 1877, 111,0001. in January, 1876, 
91,0001. in January, 1875, and 88,0001. in January, 1874. 
The great increase in the revenue of last January is pro- 
bably, however, only of a temporary character. For instance, 
there were large movements of English troops through the 
canal that month. 


Schuylkill Coal.—It is anticipated that the production of 
coal in the Schuylkill region this year will reach 9,000,000 
tons, of which the Coal and Iron Company will supply 
at least one-half, while from the facilities now on hand, and 
others which will be available during the year, it will be in 
a position to increase its output, so as to fully meet any 
extra demands made upon it. At the Merriam Colliery, 
where a tunnel nearly 1300 ft. long has been driven to the 
Mammoth, the coal in the cut is 19ft. 7 in. thick, and is in 
splendid condition. In addition to other acquisitions pre- 
viously noted, the company has recently taken possession 
of the Tunnel Ridge Colliery, at Mahanoy City ; and after 
executing some repairs, it will start operations. At the 
Tunnel and Keystone Collieries new lifts are being sunk, 
and these works will be again in operation during the 
season. Altogether the prospect both for the operators 
and the miners and labourers is encouraging—much more 
80, we may say, than it has been at ae Weoeaes of any 
previous year within the last decade. 


Trans-Saharan Railway.—M. Paul Soleillet has left 
France to explore Africa for the third time; and M. de 
Freycinet, who is intent on running a railway through the 
Desert and connecting Algeria with the Soudan, has 
14001. at the disposal of M. Soleillet. M. Soleillet intends 
to make a start from Senegal, and after making his way to 
Timbuctoo, he will strike across the Desert for Algeria, 
following the road which is to be taken by the Trans- 
Saharan Railway. It is u in support of the scheme 
that it has become absolutely necessary for France 
to open up new outlets for her commerce and new worlds 
for the French race. 


instructed their engineer to proceed with boring and plans 
for a system of jetties approved by the Colonial Government, 
for which 100,0001. were voted by the Cape Parliament in 
its last session, and the Commissioner of Public Works 
has written, urging that the works should be pushed on 
as rapidly as possible. The Chamber of Commerce and 
the Harbour Board are working at cross purposes. 


Belgian Rails.—In 1879 Belgium exported 42,599 tons 
of iron rails. The memeniine exports in 1878 were 
34,273 tons, and in 1877, 29,596 tons. 

J. F. Cail and Co.—The turnover of this French me- 
chanical company in the year ending September 30, 1879, 
was 1,348,7501. This was about 120,000/. less than the 
corresponding turnover for 1877-8. No dividend is pro- 
posed for 1878-9. 


American Railroad Building.—-For the last six or seven 
years railroad building in all the states east of the Missis- 
sippi has been confined to an elaboration in detail of the 
network of railways covering them; and it would appear 
that in New England, the Middle States, and the South 
short feeders only have been added by old-established lines, 
the same holding good also in a large measure in regard to 
Ohio and the adjoining states, and those of the Pacific 
Slope. The t field of activity has been the group of 
states lying in the north-west including Kansas, Iowa, 
Minnesota, Nebraska, Illinois, Missouri, Wisconsin, and 
Dakota, the most notable being the first four mentioned, 
which in 1879 completed 544, 472, 451, and 285 miles re- 
spectively in the order named, while the total of the group 
swells up to 3187 miles out of an te of 4430 miles 
of new fine built on the whole American Union. The 
cause of this is the recent enormous agricultural develop- 
ment of the Great West. 


Austro-Hungarian Railways.—It appears that in 1879 
only 94} miles of new railway were opened in the Austro- 
Hungarian empire. The aggregate extent of line in 
operation in the empire at the close of 1878 was 11,418} 
miles, so that this total was carried at the close of 1879 to 
18,513} miles. The work of railway construction has thus 
materially slackened in Austria and Hungary. This is 

robably due to the fact that some of the Austro-Hungarian 
ines have proved comparatively unremunerative. 


Rails for the Belgian State Lines. —Orders were given 
out recently for 10,000 tons of rails required for the Belgian 
State lines. These orders were divided as follows : The 
Acoz Forges Company, 7000 tons; the Monceau Blast 
Furnaces Company, 1900 tons; and M. Boucquean, of 
La Louviére, 1100 tons. 


Movement of Minerals.—In 1879 France exported to 








Port Elizabeth.—The Harbour Commissioners have 


Belgium 38,640 tons of minerals, and received from the same 


country in the same year 67,000. The corresponding 
figures for 1878 were 49,024 tons and 150,831 tons re- 
spectively. 

Rails for the Main and Weser Railway.—The Main and 
Weser Railway Company has just let a contract at Cassel 
for 1850 tons of Bessemer steel rails. The contract price 
was 111. 11s. per ton. 


Reaping Machinery in Australia. —The South Australian 
Government having offered a bonus of 40001. for the best 
machine combining within itself the operations of reaping 
and winnowing standing crops fit for bagging on the field, 
twenty-seven machines were entered for the prize. The 
trial took place near Lawler, December 17, but only twelve 
were put to the work. The trials were resumed De- 
cember 23 and 24. The judges reported that none of 
the machines fulfilled the required conditions, but they re- 
commended the following bonuses: To Mr. G. Marshall, 
1001.; Mr. J. H. Adamson, 701.; Mr. G. Phillipson, Jun., 
501. ; Messrs. J. Martin and Co., 301. 

Water Supply of Kapunda.—Kapunda, 50 miles north 


of Adelaide, South Australia, is now supplied with water 
from a reservoir constructed about five miles north-west of 


the town. When full the reservoir will contain about 
41,000,000 gallons. The cost of the works has been 
10,7001. 


Rolling Stock on the Union Pacific Railroad.—The 
rolling stock on the Union Reilroad is spoken of as in g 
condition. It consists of 179 locomotives, 165 passenger, 
baggage, and sleeping cars, and 3216 freight cars. The 
increase of freight business, especially during the latter 
part of 1879, has made it necessary to have more cars. 
Over 100 new stock cars have been ordered, and are now 
building in part at the works of the company at Omaha ; 
also 100 new freight cars and 150 box cars. Ten new 
engines, all ten-wheelers, of uniform pattern, made at 
Taunton, Massachusetts, have been placed on the road 
since January 1. Thirty more new engines of the best 
kind have been contracted for at the low prices of last 
year, and will soon berunning. If they were bought at pre- 
sent prices, these engines would cost probably 70,000 dols. 
more. 


Rolling Stock for the Oregon Railroad.—The Baidwin 

Locomotive Works are building five locomotives and the 

Locomotive Works three more for the Oregon 

way and Steam Navigation Company. Out of twelve 

coaches, and 300 freight cars of all descriptions, 

the low and Hollingsworth Company have the 

contract for the larger number. The Taylor Iron Works 

and the Ames Company are also interested in these ccn- 
tracts. 
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In proceeding to describe* the arrangements for 
the bearings of the polar and declination axes and 
the anti-frictional apparatus for the Vienna Equa- 
torial, it may be well to glance at the two-page en- 

ving of the general section of the instrument 
published in our issue of January 2. 

There it will be seen that the polar axis E E is 
itself a cylindrical metal casting with a steel “ toe 
piece” shrunk into its lower end, on which is 
carried the right ascension circle (d d), and the 
quick motion driving circle T which also acts as the 
end pressure circle, This polar axis is contained 
in another cylindrical casting of a conical form 
D D, called the polar pillar, which pillar is bolted 
to the main upper bedplate of the framing, and 
as this bedplate is placed as nearly as possible in 
the plane of the equator, the polar pillar and the 

lar axis point of course to the pole of the earth, 

ow this is accurately adjusted will be after- 
wards seen. The upper end of this polar axis E E 
terminates in a strong square flange to which is 
bolted the crosshead G G, a strong heavy casting 
formed of a cube to bolt to flange of polar axis with 
a cylindrical portion at one side and a long conical 
projection at the other; through this crosshead 
passes the declination axis F F, also of hollow cast 
iron; this axis has its bearings at the extreme 
ends of the crosshead and carries on the one end 
the telescope K in its cradle, and on the other 
the counterpoise weight H. For the details of the 
various bearings, &c., we must now refer to the 
detailed figures on the following page. 

Lower Bearing of the Polar Axis——This will be 
best understood by reference to Fig. 4. The lower 
end of the polar axis E E has a strong steel toe aa 
shrunk into it, a boss having been left on the inside of 
the casting to give good depth of bearing for the toe. 
This steel toe piece carries first the right ascension 
circle d d, which is of cast iron with arms of triangular 
section tapering from the centre outwards, and to the 
rim of which is attached a circle of strong German 
silver, into which a fine band of gold is let for the 
divisions. This circle is carefully fitted on a slightly 
tapering portion of the toe, and ground on with 
Turkey stone and oil until its upper shoulder comes 
just into contact with the carefully trued shoulder of 
the axis prepared for it, a nut x ” is then screwed on 
and fixes the circle in its place. Just below this is 
placed the ey motion driving: circle and end 
pressure circle T, which we shall describe further on, 
and the axis itself terminates in a cylindrical 

ortion about 5 in. long and 2}in. in diameter. 
This cylindrical pivot works in a gun-metal bushing 
inserted in a cast-iron block 4 4, a portion of the 
outside of which block is formed into a sphere 
which rests in a casting c c prepared to receive it, 
and this casting ¢ c is held in its place by another 
casting R R, so constructed as to allow the piece ¢ ¢ 
movement in all directions on the plate D D, which 
forms the lower end of the polar pillar ; this move- 
ment is for the purpose of the final adjustment of 
the polar axis into coincidence with the earth’s axis, 
and the spherical form of the piece 4 4 is for the 
purpose of preventing any strain on the axis or 
the movement necessary for this adjustment. At the 
extreme end of the steel toe of the polar axisa 
small steel piece is fitted in, which is hardened and 
carefully polished, and this bears on another steel 

iece also hardened and polished, andof a square form 
inserted in a square hole (to prevent it turning) and 
forced up by the screw ¢. Space is left round this 
hedonell steel piece for oil, and a convenient arrange- 
ment is provided for supplying additional oil when 
necessary, but as will afterwards be seen much 
weight is not allowed to rest on this toe. 

For the better distribution of the oil between this 
hardened steel piece, and to prevent “ stripping,” it 
is found desirable to cut grooves in their faces before 
hardening, and the best form to give this has been 
found to be asin Fig. 5 and 6, where Fig. 5 represents 
the pew attached to the toe piece, and Fig. 6 the 
fixed piece on which it turns, It is found that this 
form allows the oil to distribute freely. Adjusting 
screws are provided for making the adjustment 
mentioned above, and when this adjustment is satis- 
factorily lager a the piece ¢ ¢ is clamped into its 
place by the holding-down screw. This lower bear- 
ing of the polar axis (as indeed a// the other bearings 
of polar and declination axes) is finished on “ dead 
centres,” that is to say, those portions which are 
required to be accurate are very nearly to 
what is required, and then left so till other parts are 
quite finished, then the mandrel of the lathe is fixed 


* See page 114 ante. 








shaft of the workshop, both centres being ‘‘ dead,” 
and then a very fine cut is taken off all the particular 
portions, In this way all the bearings of the axis 
and all the portions on which circles are carried are 
finished, also when the circles themselves are fitted, 
their edges, or whatever portions are to be divided, 
are finished in the same way. 

Upper Bearing of Polar Awis.—This will be best 
understood by er to n , 7 — DD wr 
u of polar pillar of polar axis, 
ary &e. Phe upper portion of the pave axis 
is left a little larger than the rest, and this larger 
portion is carefully trued on dead centres as men- 
tioned above; the portion of the pour pillar into 
which this fits is left a little larger than the axis, but 
two gun-metal blocks are inserted on which the axis 
rests as on Y bearin These blocks are formed of 
the shape shown in Fig. 8, and inserted in dovetailed 
grooves cut for them, and after insertion are finished 
to the proposed shape by re-boring in the lathe. 

The Relief of Friction of the Polar Axis.—There 
are of course two directions in which it is desirable 
to relieve the pressure on the bearings of the polar 
axis, i.e, the pressure on the Y bearings and the end 
pressure on the toe. The lower — of the polar 
axis being so small, and having so little lateral 
weight upon it (as a very slight examination of the 
general section will show) it was not deemed neces- 
sary to adopt any measures for the relief of its fric- 
tion, but the upper bearing being so large and 
having such a heavy weight upon it, it is evidently 
of the utmost importance to adopt here the most 
effectual means of relief possible. Reference to 
Fig. 7 will show a section of a ring surrounding 
the polar axis just above the upper bearing, this is 
called the ‘ necklace,” and is shown in plan in 
Fig. 9. It will be seen to consist of a steel ring, 
larger in its internal diameter than the axis, and 
containing a set of rollers set in a frame of just 
such a size as to fit between the axis and the ring, 
this set of rollers in its frame constitute what is 
called a ‘‘ live ring.” When this steel ring contain- 
ing the live ring of rollers is forced up by an 
arrangement we shall presently describe, the polar 
axis rolls on these rollers, and the rollers themselves 
roll on the inside of the steel ring, so all the friction 
is of the ‘rolling’ character and not “sliding.” 
The steel ring is boxed up on each side with gun- 
metal plates, and to prevent any rubbing between the 
frame of live ring and inside of this box, little lateral 
rollers are provided between each of the other rollers, 

It remains now to describe how this ring is forced 
up. On each side of the ring are ‘‘ lugs” which are 
taken hold of by the ends of two levers, one of 
which is shown in dotted lines in the two- 
sectional drawing; these levers have fulcra on the side 
of the polar pillar (20), and at the opposite end both 
these levers are attached to a stirrup which partially 
surrounds the polar pillar, and has a screw inserted 
at 19, the hardened point of which presses against 
a hardened steel pin let into the pillars ; by forcing 
up this screw both levers are forced down, and thus 
an upward pull is transferred to the “necklace.” 
If this screw 19 were forced too much up, the whole 
polar axis would be lifted out of its Y’s by the 
necklace, but in practice just so much force is put 
on as relieves the friction as nearly as required, 
while still allowing the axis to rest on its Y block. 

The arrangements for relieving the end pressure 
on the toe will best be understood from Fig. 4. 
We say “pressure” not “ friction” in this case, for 
the friction on this small toe is so slight that the 
motion of the instrument would probably be nearl 
as easy if this apparatus were altogether removed, 
but this would very undesirable, for so great a 
pressure on this small steel toe would undoubted} 
cause the oil to be stripped and the surfaces to ‘‘ bite.” 
In Fig. 4 a strong cast-iron circle T T will be seen 
just below the right ascension circle dd; this circle 

as teeth on its upper face into which gears a pinion 
for the quick motion or right ascension, The 
ower surface of this circle is flat ; underneath this 
circle, and at some little distance, is another strong 
cast-iron circle P P ; this circle surrounds the polar 
axis toe, but is quite independent of it; this circle 
PP is — on a pair of steel pins, one of 
which would be just behind the centre toe screw / 
in Fig. 4, and the other would be in front. These 
pins pass through holes in the bottom plate DD, 
and their lower ends rest on the ends of the levers 
LL, one of which is shown in Fig. 4. The other 
ends of the levers LL are joined together with a 





bridge piece, which is pressed down by the screw 
8 wile pene through and is tapped into the main 





by ope beg the screw s the circle P P will be 
raised. Now between this circle P P and the circle 
TT, which is fixed to the polar axis, there ace a set 
of conical rollers SS'. It will be observed that the 
upper face of the circle P P is formed conical, and 
these conical rollers fit between it and the flat under 
face of the circle TT. These rollers (eight in 
number) are fixed in a frame, which is strung loosely 
on the polar axis toe, and, of course, this frame, 
with its eight rollers, revolves at just one-half the 
rate of the polar axis. By this apparatus the whole 
— axis, declination axis, telescope, &c., can be 
ifted off its toe bearing if necessary, but as in the 


case of the other bearings, there is just enone 


pressure left on woe toe 7 insure steadiness. , 
apparatus comple obviates any da te) 
binding of the — nl is useful alo on olitians 
when it may be n to remove the toe bear- 
ings for the purpose of cleaning, oiling, &c., for in 
this case all that is necessary is to force up the 
screw s a little beyond its normal position, and 
then the toe bearing can be unscrewed, cleaned, 
oiled, and replaced when convenient. 

It may be remembered that in the case of the 
great Melbourne telescope constructed by Mr. Grubb, 
the end pressure of the polar axis was relieved 
in a different manner. In that case the polar axis 
rested on two piers, and the upper end was taken 
hold of by a chain of peculiar construction, with 
hardened steel links, which allowed a considerable 
amount of torsional play ; to this chain was attached 
a lever and weight to exert the necessary pull, Itis 
evident, of course, that this arrangement was not 
applicable to the present case, for there is “no 
‘upper pier” to get a fulerum on, and the chain 
arrangement also prevents the universal nature of 
the movement such as this instrument possesses. 

Bearings of the Declination Aris.—The bearings of 
the declination axis are also formed of Y blocks, let 
in one case (that of the end next the telescope) into 
the crosshead directly ; in the other case let into a 
slide ss, Fig. 7, which is capable of slight adjust- 
ment on the crosshead by the screw pp. This ad- 
justment is necessary in order to bring the declina- 
tion axis into a position exactly at right angles to 
the polar axis. For the reasons stated on page 116, 
the Y blocks of the declination axis are placed 
120 deg. apart instead of 90 deg. as in the case of 
the polar axis. 

Relief of Friction of the Declination Axis.—So far 
as we have described the arrangement of the polar 
axis and its anti-frictional apparatus, no peculiar 
difficulty has presented itself, and almost all large 
instruments are supplied with some such arrange- 
ment which, though it may vary in construction 
from Mr. Grubb’s, tends at least towards the same 
object. When we come to the declination axis, 
however, the case is quite different, for the diffi- 
culties that are to be encountered here are such 
that, so far “t we “ne aware, » attempt has been 
made to apply anti-frictional apparatus by an 
makers except this firm. ae 

To understand the special difficulties in this case 
reference must be made to Fig. 10, which is a dia- 
gramatical representation of the declination axis 
viewed endways, @ c being the axial line of the polar 
axis. Now it will be seen that although the Y 
bearings are placed at about 120 deg. apart, that in 
this position nearly all the weight of the declination 
axis and what it carries (telescope, counterpoise, 
&c.) is borne by one Y block, while hardly any 
weight rests on the other. This di represents 
the disposition of the weights when the telescope is 
at, say, the east side of the pier, but when the tele- 
scope is reversed to the west side, of course all the 
conditions are altered, and the block which had the 
greatest pressure on it at the east side will have 
the least when the telescope is at the west side. 
Thus it will be seen that the pressures on the Y 
blocks are continually varying with every posi- 
tion = o ape pore hence age! be seen at 
once the difficulty of in ing any of the ordin 
anti-frictional apparatus to he ve the friction of 
the declination axis, for any apparatus for the 
eemoese must clearly be carried by, and have its 
ulerum on, the polar axis or crosshead, therefore 
the direction of its action will be constant as re- 
— the polar axis or crosshead and its Y bearings, 

ut, as my an shown above, the direction of gravity 
is not constant as regards the Y blocks, and, there- 
fore, ordinary anti-frictional apparatus is not avail- 
; peed 


able. Su , for instance (re 

Fig. 10), + palin were intr to act 
in a direction to gravity.in that position of 
the instrument. As the instrument is turned round 
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TWENTY-SEVEN INCH REFRACTING EQUATORIAL TELESCOPE FOR VIENNA. 


CONSTRUCTED BY MR. HOWARD GR UBB, DUBLIN, 
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Fia. 10. 
this would turn with the instrument, and so cause | axis rolling on the lower block would be brought | Su that an equatorial had to be erected at the 
, the instrament to roll out of its Y's. , if some | out of contact with the upper block, while the pe. male Ger south) pole; in this case, of course, the 
apparatus were introduced whose ion would be | sure on the lower one (Y') would remain un- | polar axis would be vertical and there would be no 
& mean one, é.¢., parallel to the polar axis; before | chan To understand how this is in | change in the pressure on the declination Y’s in the 


this apparatus could exert any sensible effect the | Mr. Grubb’s equatorials let us refer again to Fig. 10. | different positions of the instrument. If, therefore, 
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COAL WASHING MACHINERY AT THE BESSEGES COLLIERIES, FRANCE. | 
(For Description, see following Page.) 
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we could reduce the pressure to the same condi- 
tions as those of an equatorial at the pole the 
difficulties would vanish. This is just what Mr. 
Grubb’s arrangement does effect. 

In Fig. 10, G is the direction of gravity. Now 
this can of course be resolved into two forces 


acting one parallel to, and the other at right ; 


angles to the polar axis (ac). Of the two com- 
ponents, that parallel to the polar axis is constant 
in direction, the other is variable as regards the 
polar axis or anything carried on it. Now if this 
second component 4 ¢ could be dispensed with the 
case would be reduced to that of an equatorial 
at the pole, which, as we have shown, is easily 
managed. To explain the apparatus which Mr. 
Grubb uses to effect this, and which he calls his 
“ internal anti-frictional apparatus,” we must have 
reference to Figs. 11 and 12. 

Let it be remembered that what we want in 
order to relieve component 4 ¢ is some ne 
which, though it be attached to the polar axis, 
must keep the direction of its action constant 
as regards gravity. 

Now referring to Fig. 11. The upper end of 
the polar axis is closed by a plate ee having a 
hole in the centre of about 2} in. diameter, 
G G is as before the crosshead, F the declination 
axis, //is a strong steel fork-shaped casting of a 
T section and partially surrounding the declina- 
tion axis ; this fork //is carried on the end of a 
steel bar X which passes through the hole in the 
plate ¢ ¢ loosely, and projecting down through the 
polar axis carries a series of heavy weights which 
can be seen in general section, published in our 
issue of Jan. 2. This steel fork f/f carries on its 
extremities two gun-metal blocks which serve as 
carriers for three rollers each ; two of these rollers 
at each side g (see also Fig. 12 which is a half 
plan in declination axis at this point) roll against 
turned rings on the declination axis provided for 
the purpose, while the two rollers y, Figs. 11 and 
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12, roll with slight freedom in a groove prepared 
in the axis between the two rings. Now let us 
consider the action of this apparatus. 

In the case of an equatorial at the pole, of 
course this apparatus would not act at all, as the 
bar X would then hang vertically; but in this 


3_ case, as we have seen before, this apparatus is 


not required. In every other latitude, however, 
it will be seen that the heavy weight W acting 
on the longer end of the lever X, pivotted in 
ae e e, exerts a force on the axis exactly counter- 

alancing the component (4c) in Fig. 10; and 
furthermore that this apparatus, though attached 
to, and carried by, the polar axis, exerts a force 
whose direction is constant as regards gravity, 
but variable of course as regards the polar axis, 
&c, When the instrument is to the east of the 
pier one set of rollers act; when to the west 
the other, whichever happens to be below, and 
in a position six hours off the meridian ; the pair 
of rollers y, Figs. 11 and 12, act and take off the 
end pressure of the axis, 

Now, having disposed of the component (¢ c), 
Fig. 10, we are pre d to deal with the other 
component (ac). ‘This is easily managed, for its 
direction is constant as regards the polar axis and 
crosshead. At1l and 12, Fig. 7, are placed a pair 
of bracelets (so-called), i.¢., frames carrying 
rollers, skown more particularly in Figs. 13 and 
14, and these are connected together by two side 
levers centred at H, at each side of the centre 
of crosshead, Fig. 7; the amount of force being 
regulated through the nut 4, by screwing up 
which the whole declination axis, telescope, 
counterpoises, &c., can be lifted out of its Y¥ 
bearings, and the weight of all transferred to 
the fulcrums H, seen dotted in Fig. 7. In prac- 
tice, as with the other bearings, a sufficient por- 
tion only of the weight is lifted, and then the 
rest is alownd to rest on the Y bearings. 

The application of these ‘ bracelets” would not 
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be possible until the internal arrangements men. 
tioned above be first brought into action, 

In our next article we propose to describe the 
various devices for quick and slow motion in right 
ascension or declination clamps, clockwork arrange- 
ments and construction of the right ascension sec- 
tion, and endless screw for communicating the clock 
motion to the instrument; also, if space permit, the 
new electrical control for correcting residual errors 
of the clock, 


COAL WASHING. 
(Continued from page 124.) 

In the mode of working practised at Besseges, 
with 200 to 250 strokes per charge, the quantity of 
slimes is generally from 12 to 15 percent. of the un- 
washed stuff treated ; and as the proportion of com- 
bustible matter in the slimes amounts to about 25 
per cent. of their quantity, the actual loss of coal in 
the slimes is consequently from 3 to 4 per cent. of 
the unwashed stuff treated, the fuel thus lost being 
of inferior quality similar to that which is recovered 
from the shale by rewashing. It is to be hoped 
that the loss under this head may soon be obviated 
by some practical means of rewashing the slimes. 
‘lable III, shows the results obtained at Bességes, 
by varying the number of strokes per charge from 
50 to 300, and treating slack passed through different 
sized meshes, 

Before leaving the question of the slimes, it may 
be remarked that, from the previous Table IL. of 
the results of washing, the percentage of ash in the 
slimes would appear to follow to some extent that 
in the unwashe.t stuff treated; which, moreover, is 
nothing else than what would be expected from the 
foregoing considerations. 

‘To these losses of coal in the shale and slimes 
must further be added that involved in the black 
water discharged from the jiggers. This water, 
amounting at Besstges to about half the weight of 
the washed coal, carries off from 2 to 3 per cent. of 
the raw coal in the state of mud containing about 
30 per cent. of ash. 

In examining the effects of suction in washers 
acting by filtration of the water through the charge, 
it was pointed out that, in order to take the utmost 
advantage of this accessory action, a proper pre- 
liminary riddling was required for poor slack, 

The results of washing given in Table IL, show a 
fall in the percentage of ash in the washed coal for 
the year 1877, in comparison with the preceding 
year 1876. ‘The magnitude of the drop would per. 
haps not have attracted attention, had not the im- 
provement been coincident, with tolerable exactness, 
with the reduction of mesh in the trommels from 
lin. (25 mm.) to fin. (19 mm.), this reduction being 
made at the beginning of 1877. To bring out this 
poiut more clearly, the monthly averayes of the 
percentage of ash in the washed coal are given in 
‘Table LV. for a year before and a year after the 
substitution of the new trommels in place of the old. 

Tasie IV.—Monthly Average, Percentages of Ash in 

Washed Coal from Old Piston Jiggers at Bessédges. 

















Average Percentages of Ash. 
Mon18. 
1876. 1877. 
per cent, per cent. 
January 8.26 8 00 
February 8.56 7.67 
March 8.19 7.57 
April 8.65 8.03 
May 8.11 7.66 
June... 8.73 7.7 
July «.. 8.24 7.53 
August si 8.85 7.62 
September ... 8.69 7.67 
October 8.31 7.84 
November ... 8.44 7.71 
December ... 8.07 7.69 
Yearly average 8.42 7.73 





‘Lhe time at which the improvement took place is 
here ideutified clearly enough. As, however, it has 
already been pointed out that the stuff supplied for 
washing varied in quality, according to the seams 
worked and the state of trade, a further set of 
comparative experiments was determiued upon, with 
the same coal, the same inen, and the same machines, 
but with different sizes of riddled stuff. As a check 
upon difference of skill in the men and slight unde- 
tected imperfections in the machines, the treatment 
of the stuff dealt with was also alternated, by 
chanyiog both the jiggers employed for washing the 


Tasue IIl.—Errecr or Numser or STROKES PER CHARGE UPON PERCENTAGES OF ASH AND Proportion 





























































































































or SLIMEs. 
wg = Total Number of Jigs per Charge oe 100 150 200 250 300 
Sees 
r cent.|per cent.-|per cent. tt. | . 
sede ett ' Washed coal per4.67 | 1132 |° 8.32 | 7.97 Perot at 
ac at Bas)! | Percentages of ash < Shale ob .| 75.92 | 78.18 4. : 
pases Geen Slimes 4673 | 5032 | 4875 | io30 | 4399 | goes 
of in 9 = Proportion of slimes to unwashed slack, ; he ‘ j i —_ 
, , percent. ...  .. =» «+ em 5.56] 6.50] 9.92 10.67 1487] 16.38 
r Washed coal 15.32 | 13.53 | 10.14 9.27| 7.79] 7. 
iy a | Percentages of ash } Shale os 75.65 | 73.45 | 76.12 | 72.54 | 74.39 74:50 
oe nd mesh of P . Slimes see 50.07 50.87 51.32 | 53.87 49.75 50.05 
*, os (15 mm.) | Proportion of slimes to unwashed slack, | 
, : L percent. ... ee i one «| 5.80 6.98 9.29 | 10.48 | 13.58 | 15.96 
TABLE V.—Wasainea or DIFFERENT Sizes or RIDDLED SLACK IN OLD JiacEeRs aT BEsSEGEs. 
Averages Percentages of Ash. 
7 Proportion of 
Man Mesh . ~ Washed Coal. Slimes. to U; —_ 4 
° ° nwashe nwashe 
Slack from ee te Shale. Slack. 
Riddles. Man’s General Man’s General 
Average. Average. Average. Average. 
per cent. per cent. per cent. r cent. r ont, | £, 
A 7.8 pe Pe 21 per cen per cent. 
B 7. 42.2! 
Cc Square. on” 7.87 41.36 
D |tin. (25 ae.) 20.73 733 7.64 68.75 40.60 41.80 16.07 
KE 7.56 42.65 
K 7.43 44.57 
-_ 7.98 42.91 
; 133 43.10 
} 2 1 
D 7.55 45.40 
; 7.45 47.08 
F 0 47.79 
} Square. 91 1° 7.42 m6 we os 44.81 
H i? in. (19 nen. 21.12 — 7.52 71.73 44.99 45.29 15.00 
I .66 44. 
J | 7.51 41.93 
K 7.44 45.34 
L 7.22 40.70 
M 7.92 44.33 
N 8.14 46.25 
"es | 7.50 49.02 ; 
@ 7.92 52.98 
J .33 47.75 
K | Round. 21.59 7.52 7.56 71.26 53.85 50.17 15.35 
L |gin. (15 mm.) 7.40 46.72 
M | | 7.44 | 51.21 
N | 7.78 49.59 
A. | | 9.50 46.38 
B | } 8.39 49.61 
o | 8.76 47.99 
D 8.36 49.44 
: | 8.37 | 48.57 
F | 128 | 4 
G | Round. oo a 9 J ‘ 49. 
H |pin.(12mm.)| 2393 881 8.59 | 72.20 30.29 4884 14.92 
I 6 | 
J 8.53 48.99 
K 9.23 | 49.34 
L 8.84 | ry 
M 9.33 | 44. 
N | 8.76 | 54.60 

















several sizes, and also the men minding them. The 
results obtained are given in detail in Table V., 
from which the character of the investigation 
will be readily gathered. The different sizes of 
riddled slack are denoted by the mesh through which 
each has passed, and the individual men sy 
at the jiggers are severally designated by the letters 
AtoN., 

It seemed useless to try stuff that had been 
riddled through any smaller mesh than that of $ in. 
(12 mm.), because what passes through this size of 
mesh soaks somewhat slowly in the jiggers, and a 
man turns out 1 or 2 tons less per day than when 
washing stuff that has come through a } in. mesh for 
instance. The } in. i mm.) mesh appears to be 
the lowest limit at Besstges, for the stuff that 
has passed through it to be washed with practical 
success in the jiggers. 

Several points of interest are deserving of notice 
in these various experiments. : 

The effect shown in Table IV. to have been pro- 
duced by the smaller mesh of the trommels is not 
wholly confirmed by the results in Table V.; and 
moreover from the latter Table it is seen that the 
slack from the 1 in, (25 mm ) mesh does not wash 








cleaner than that from the } in, (19 mm.), or even 
the gin. (15 mm.) mesh, ‘This arises at Bessdges 


from the circumstance that the nuts left in the 
slack which passes through the 1 in. (25 mm.) or 
3 in. (19 mm.) mesh impart to the washed coal, as 
will shortly be shown, an extra proportion of ash, 
which constitutes a set-off against the more effica- 
cious action of suction in cleaning stuff of larger 
average size. The effect cf these two countervailing 
influences is that the percentage of ash in the washed 
coal is very nearly the same for the three sizes of 
§ in. (15 mm.), ? in. (19 mm.), and 1 in. (25 mm.) 
mesh, 

The loss of coal in the slimes increases with the 
size of the slack, because, as seen in Table V., the 
slimes not only increase in quantity but also become 
richer as the size of slack gets larger. In regard to the 
latter point—the percentage of ash in the slimes— 
the exception presented by the slack from the } in. 
(12 mm.) mesh is only an apparent one. As the men 
turn out less when washing this size of slack they 
let the jiggers continue working longer on each 
charge, aad the last strokes given to the charge are 
therefore made on slack that is already cleaned, 
whence the slimes produced are relatively richer. 
This exception would not occur were the number of 
strokes not greater than for the larger sizes of slack. 

From Table V. it is consequently seen to be more 
advantageous to deal with the slack which has 
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d through the §-in. (15 mm.) mesh at Bessdges, 
ay with shat has passed through the 1-in. 
95 mm.) mesh, There is, however, a limit of 
smallness, below which the cleaning becomes in- 
ferior, as shown by the trial with slack riddled 
through the }-in. (12 mm.) mesh. For the Besstges 
slack the limit of smallness for the mesh appears to 
be gin. (15 mm.) To determine, therefore, the 
size of riddled slack which it is preferable to adopt, 
the saving resulting from diminished loss of com- 
bustible matter in the washing must be taken into 
consideration in connexion with that resulting 
from the degree of cleaning effected in the washed 
coal. 

Coal containing the largest proportion of duff or 
dust is not that which yields the largest proportion 
of slimes when washed in the ordinary piston jiggers ; 
the contrary is rather the case. The natural ex- 
planation of this apparent paradox lies in the narrow- 
ing of the passages or interstices through a charge 
of such stuff, whereby the return current of water 
downwards through the charge is retarded, the 
friction of the particles of the slimes is increased, 
their freedom of movement is impeded, and utimately 
a certain quantity of the slimes are retained in the 
upper part of the charge, in which part there 
scarcely exist any interstices at all. The higher 
percentage of ash in the washed coal from the slack 
that had passed through the }-in, (12 mm.) mesh, 
as shown in Table V., is due solely to this cause, 
and is in no way therefore matter for surprise. 

On page 201 we publish some further illustrations 
of the coal washing plant at Bességes. Figs. 19 and 
90 are respectively a section and plan of a modified 
Bérard apparatus for washing slack. In this 
arrangement, the unwashed coal is delivered into 
the hopper below the ground level from which it is 
raised by the bucket elevator, and thrown out to 
the table of the washer. The piston of the latter is 
actuated by a cam as shown, and as the coal is 
gradually washed it falls off the end of the washer 
into a receiver, in which is the lower end of a second 
elevator which raises the coal and discharges it into 
the wagons; a small bucket elevator at the side of 
the washer removes the schists as shown. Figs. 21 
and 22 are a section and plan of the arrangement 
employed for rewashing scbistaies coal at Bességes, 
and is very similar to that shown in the diagram on 
page 123. In this apparatus the coal is placed in 
the upper compartment of the receiver, the schists 
falling through the perforations in the screen as the 
operation proceeds. 


(To be continued.) 








SIR JOHN MACNEILL. 


WE have to record with regret the death of Sir 
John Macneill, LL.D., F.R.S., who died at his re- 
sidence, Cromwell-road, South Kensington, on the 
2nd inst., at the advanced age of 87. He was the 
son of Captain Torquil Macneill, of Mount Pleasant, 
Dundalk, descendant of an old Argyllshire family 
who had settled in Ireland. He showed at an early 
age a singular facility for the acquisition of scientific 
knowledge, and entered the engineering profession 
as a pupil of the celebrated Telford. He was elected 
an associate of the Institution of Civil Engineers in 
1827, having been proposed by Telford, Cubitt, and 
Parmer, and was transferred to the class of member 
in 1831, serving on the Council from 1837 to 1843. 
In 1533 he was resident engineer to the Parliamentary 
Commissioners of the Holyhead and Liverpool roads. 
In 1837 we find Mr, Macneill reporting to the 
Commissioners of Sewers for the Rape of Arundel 
on the state of the River Arun, and the means pro- 
posed for improving the drainage of the adjacent 
country, Inthe same year he reported on a pro- 
posed railway between Cork and the town of Cove, 
In 1838 he was awarded a silver Telford medal at 
the Institution of Civil Engineers for his experiments 
on canal boats. From 1842 he was for some years 
professor of practical engineering at Trinity College, 
Dublin. He was engineer for the Wishaw and Colt- 
ness Railway, on which line is situated a viaduct 
of some importance over the Calder Valley, and he 
was afterwards engineer for the railway from 
Dublin to Drogheda, on which several lattice 
girders were constructed. On the opening of this 
line in May, 1844, he received the honour of knight- 
hood from Earl de Grey, then Lord-Lieutenant of 
Ireland. He was engineer for the Dublin and Bel- 
fast Junction Railway, and surveyed and laid out 
the line, carried the Bill through Parliament in 
1845, and superintended the whole work, including 





the Boyne Bridge—commenced in 1850, and com- 
pleted in 1855—as engineer in chief, The design of 
the bridge having in some way been claimed for and 
by Mr. Barton, the assistant engineer, a pamphlet 
on the subject was issued by Sir John in 1860, de- 
fending his claims as engineer to the bridge. Some 
of the works for which Sir John was engineer besides 
those already alluded to, were the Great Southern 
and Western Railway between Dublin and Cork, the 
Belfast and County Down Railway, the Dublin and 
Meath Railway, and a number of smaller lines, He 
was also engineer for several other works, and had 
much to do with the settlement of the gauge on the 
Trish railways. 

Sir John was author of several papers and tracts 
including ‘‘ Tables for facilitating the Calculations 
of Earthworks. (1833) ;” ‘“‘On the Resistance of 
Water to the Passage of Boats upon Canals and 
other Bodies of Water. (1833.)” He translated 
from the French M, Navier’s work ‘‘ On the Means 
of comparing the respective Advantages of diffe- 
rent Lines of Railways. (1836.)” In 1833 he in- 
vented an instrument called the road indicator or 
pirameter, for ascertaining the comqenstire merit of 
roads and the state of repair in which they are kept, 
and the power required to draw carriages on them, 
and he also attempted to attach a spirit level to the 
sextant so as to do away with the use of an artificial 
horizon. Sir John with General Chesney, the 
original explorer of the Euphrates Valley Railway, 
co-operated with Mr. W. P. Andrew for man 
years in advocating the construction of the Euphrates 
Valley Railway, and gave evidence before a Select 
Committee of the House of Commons on - this 
subject in 1871 in favour of the line. Sir John was 
from very early life a deputy lieutenant of the 
County Louth, where his family resided. He was 
an accomplished artist as well as a warm-hearted and 
courteous gentleman. 








THE GLASGOW BOILER EXPLOSION. 


WE regret to have to record this week a boiler explo. 
sion attended with exceptionally fatal results. The explo- 
sion occurred last Friday evening, at about half-past 
seven o'clock, at the St. Rollox Works of the Glasgow Iron 
Company, which are situated in Garngad-road, Glasgow, 
only about 100 yards from the St. Rollox Chemical Works 
of Messrs. Charles Tennant and Co. The works of the 
Glasgow Iron Company were commenced about thirty- 
three years ago, and have all along been under the active 
care of Mr. Robert Cassels, the managing partner of the 
company. They now occupy a large area of ground 
partly bounded by Garngad-road and by the Monkland 
Canal, and on three sides the site is surrounded by 
densely-peopled ranges of dwelling-houses, the occupants 
of which are exclusively of the industrial classes. For- 
tunately the effects of the explosion were confined to the 
works; but as it is the disaster has been attended with 
an appalling loss of life, no fewer than 24 of the workmen 
having either been killed instantaneously or since suc- 
cumbed to the dreadful injuries which they sustained 
from scalding or otherwise. 

The explosion occurred in the puddling and forge de- 
partment of the works, where there were probably about 
70 persons engaged at work, or waiting to go upon the 
night shift. The mill department, which is nearest to 
the offices on the Garngad-road side of the works, has 
not suffered iu the slightest from the explosion; but the 
major portion of the puddling and forge department is a 
complete wreck. It was contained within a continuous 
shed, in which there were 37 puddling furnaces, of which, 
however, only 26 were working; and in the part to which 
the explosion was practically confined there wero only 
14 such furnaces. These were built in pairs, parallel 
to each other, or back to back ; and in each case a pair 
of furnaces were worked into, or in conjunction with, a 
two-flued vertical boiler, one flue leading from each 
furnace. Theshed was about 100 ft. wide, the roof being 
in two bays, the eastmost being rather higher than its 
fellow. There were threo parallel tiers of cast-iron 
columns supporting the roof—one row along each side, 
and the other in the middle; and most of the furnaces 
were ranged along the west side between the columns. 
Besides the furnaces and their accompanying boilers, the 
shed contained two steam hammers, two cranes (one of 
them worked by steam), two forge trains, and the en- 
gines for driving the same. Steam was provided by the 
seven upright boilers attached to the puddling furnaces, 
and by three horizontal boilers, situated about 20 ft. or 
25 ft. from the boiler which exploded, which, we should 
here mention, was known as No. 4, working to or along 
with Nos. 11 and 12 furnaces, The steam obtained from 
these ten boilers was also used for driving some sub- 
sidiary engines. The roof was constructed of iron, com- 
paratively light, and covered with slates. 

All the seven vertical boilers were of the same type, 
two-flued and cylindrical, 30 {t. in length or height, and 
6 ft, 11 in. in diameter, the flues being 2 ft. 1 in. in 


diameter. The “ thimble” or bel!-mouth bottom of each 
flue of No. 4 boiler (to which we now confine our remarks) 
was lined with firebricks, as was also the portion 
traversing the steam space ; and on the top of the boiler 
each flue was continued into a funnel head, also lined 
with firebricks, and about 8 ft. high. Set opposite the 
flue ends of Nos. 11 and 12 furnaces, the boiler was 
fixed on four cast-iren columns about 4 ft. high, and 
about one-half of the boiler protruded through the roof. 
The safety valve fittings were the same on No. 4 boiler as 
on all the others. At the time we have mentioned, which 
was the changing of the shifts, the machinery was at rest, 
as the engine was being oiled; and the shinglers and 
numerous other workmen were promiscuously standing 
about or sitting resting themselves, when, without a note 
of| warning, the boiler exploded. The condition of things 
which ensued was one that it is impossible to describe, as 
the place at once filled with the pent-up steam from all 
the seven boilers, and the men became enveloped in it, or 
if not they in many cases suffered bodily injuries from a 
variety of causes. 

It would seem as if the boiler had shot up through the 
roof into the air, or, at all events, the upper half of it 
with the contained flues, the lower half of the shell being 
riven into at least five pieces of very unequal size. What 
we may still call the boiler, as it now lies only a few feet 
from its former site, slightly to the east, is almost in a 
line parallel with the centre of the shed. It probably 
fell into the hollow between the two roof bays, and with 
such force as to bring down a stretch of roofing 
about 100 ft. wide by 80 ft. or 90 ft. long, as also the two 
cranes formerly referred to—a scene of! inextricable 
confusion resulting. The plate forming the lower end of 


Y | the boiler is perfect throughout about four-fifths of its 


extent. One of the flues shows a very ragged fracture 
fully 2 ft. long from the bottom plate, and the other flue 
is completely broken about the middle of its length 
along the line of a rivet seam. On the outside of the 
shell of the half boiler, which is in a sense intact, there 
is a considerable depression lengthways of the boiler, and 
on the upper end plate there are two deep depressions 
close by the steam exits to the safety valve mechanism. 
In all probability these injuries have been produced by 
falling bodies, such as parts of the roof, broken parts 
of the columns, &c. 

The other parts of the boiler shell are spread about 
chiefly in a north-easterly direction from the site of the 
boiler when at work. One of them, however, deserves 
very special notice both from its position and its character. 
Supported in a curious way by the sloping ruined roof, it 
is a piece of probably fully 40 ft. long, about 4 ft. 6 in. 
across, at its greatest width, and tapering irregularly 
towards its two extremities. 

It lies with its convex surface against the framework of 
the roof, and it is a sort of spiral ripped off the lower 
half of the boiler over a length of about twice its cir- 
cumference. There are in it the representatives of some 
half-dozen strakes of plates. This portion of the shell, 
which weighs probably 25cwt., is only a fow yards from 
the boiler seat. We should mention that the boiler was 
worked to a pressure ranging from 401b. to 45 1b. per 
square inch, and it should also be stated that it is about 
20 years old. None of the boilers at the St. Rollox 
Iron Works were under inspection from any of the boiler 
inspection or insurance companies, but we understand 
that two skilled workmen in tho service of the pro- 
prietors were practically engaged all their time in look- 
ing after the boilers on the establishment, a regular 
inspection being made every Monday. It is probable 
that no person now living can speak from experience as 
to the condition of the boiler immediately before ex- 
plosion, 

In Scotland, as our readers are doubtless aware, there 
is no such institution as a coroner’s inquest; but the 
Procurator-Fiscal for the city of Glasgow is busily en- 
gaged in precognoscing witnesses who may be able to 
give any information. That, however, is all done in 
private. But the circumstances of this case are so extra- 
ordinary, more especially in respect of the great fatality 
attending the explosion, that there is every likelihood of 
a public investigation taking place. The Home Secretary 
was questioned upon the subject on Monday, and it rests 
with him to say that such an inquiry shall be held. Mr. 
Procurator-Fiscal Brown has, in his official capacity, had 
the ag” ate services of Mr. Moere, engineer at 
Parkhead Forge and Rolling Mills, and at present there 
is being made, at Mr. Brown’s instigation, a most com- 
plete examination of the boiler and the surroundings by 
two well-known local experts, Mr. J. G. Lawrie, engineer, 
and Mr. James M. Blair, of Messrs. P. and W. McLellan’s, 
boiler-makers, bridge builders, &c. 

It will afford some evidence of the careful way in 
which the works are conducted if we mention that until 
now there has not becn an explosion on the establishment 
for the last 27 years, which is the length of time that 
the present manager, Mr. Paris, has had charge of the 
works, Still, whatever the character of the manage- 
ment of the works in the past, it is but right in the 
interesis alike of the public, the workpeople, the pro- 
prictors, and the management, that there should be a full 
and complete open inquiry into the cause or causes of 
the disaster which has caused so much suffering and so 





many widows and orphans. Woe shall deal with this 
explosion further as soon as the evidenee is available. 
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HYDRAULIC SUGAR-CANE MILL AND MEGASS STEAMING CHAMBER. 
CONSTRUCTED FROM THE DESIGNS OF MR. A. G. BERRY, ENGINEER, GLASGOW. 
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We illustrate on tho present  & new arrangement 
of cano mill and apparatus for the treatment of the cane 
by what is known as the vaporising process, which have 
been designed by Mr. A. G. Berry, of Glasgow, and which 
have already been tried with successful results in Jamaica. 
In our engravings Fig. 1 is an elevation, and Fig. 2 a plan 
of the combined apparatus, while Fig. 3 is a section 
through the intermediate chamber, and Fig. 4 an enlarged 
view showing the details of the “ water cushion” for the 
cane mill bearings. 

It will be seen that the machinery consists of two cane- 
crushing mills, Nos, 1 and 2, with an intermediate chamber 
A, through which the megass from No. 1 mill is carried 
by means of endless chains B, attached to crossbars C. 
In this chamber the megass is thoroughly saturated with 
vapour before passing onwards to the rolls of No, 2 mill, 
where all the available saccharine matter still remaining 
in the canes is expelled in virtue of its being completely 
moistened without the addition of any appreciable 
quantity of water. Tho inlet pipe D, provided with 
a stop-cock, admits part of the exhaust steam from 
the engines into the bottom of the steaming chamber 
in which the megass is subjected to its influence; and 
at G thero is provided a small outlet for running off 
the accumulated liquor which is charged with saccharine 
matter into suitable tanks. This method, while giving, 
it is stated, a great gain in saccharine matter, does not 
add water to it in any material extent. 

The side rolls of the crushing mills are provided at 
each journal with side covers and continuous-going bolts, 
the whole being designed to act also, if required, as safety 
hydraulic cushions, and thus preclude the possibility of 
breakage occurring in the mill cheeks, the journals, or 
gearing from irregularity of feeding in the canes or any 
other cause. The hydraulic cushion arrangement is 
shown separately in detail, Fig. 4. It consists of a brass 
bearing K having formed on it a plunger entering the 
hydraulic cylinder P, formed in the cover L. This 
cylinder is provided with a small plunger M, which can 
be screwed out or in at pleasure by means of the hand- 
wheel R, this plunger enabling the pressure of the roll 
























































to be adjusted according to the nature of the canes under 
treatment, The pressure applied is indicated by a pres- 
sure gauge, as shown at S, Fig. 1, after which the safety 
escape valve V, Fig. 2, can be screwed up exactly to 
blow off the instant the pressure is exceeded, and thus 
prevent any breakage in the machine. Should the pressure 
on the rolls at any time be such as to cause release by the 
escape of water from the safety valve V, the result is that 
the machinery is saved from breakage, while the hand- 
wheel R can be again used so as to advance the plunger 
and give the original safety pressure. 








Tue InstrruTion OF Crvit ENGINEERS.—At the 
meeting of this Society on Tuesday the 2nd of March, 
Mr. Brunlees, Vice-President, in the chair, it was an- 
nounced that the Council had recently transferred Messrs. 
Harold Copperthwaite, Joseph Dawson, Druitt Halpin, 
Arthor Wi wder, Charles Edward Nicholas Ben: 
— r Stockman, Charles Edwin Ware, and George 
aller Willcocks, to the class of member; and had ad- 
mitted Messrs. William Bashall, Charles Henry Black- 
burn, Thomas Bowyer Bower, Thomas Smith Bright, Jean 
Louis Napoleon Coste, Peter Chalmers Cowan, y 







































Hugh Dalrymple-Hay, Robert Henry Burnside Downes, 
Conrad Henry Walter eee James Hickman, Herbert 


Christian Howes, Martin Mildred, =~ Seymour 
Bernard Oakley, George Rankin, David William Ross. 
Arthur John Bucknall Smith, John Turner, Herbert 
Nicholas Washed Richard Whately, and Alfred Williams, 
as students of the institution. The monthly ballot resulted 
in the election of Messrs. Attwill Ellis, South Indian Rail- 
way, Cuddalore ; and Henry John Fraser, Leeds, as mem- 
bers; of Messrs. Francis Abercrombie, Stud. Inst. C.E., 
Workington ; Alfred William Thomas Bean, Stud. Inst. 
C.E., Leeds ; George Berkley, Jun., Westminster ; Percy 
Wilson Britton, Stud. Inst. C.E., Leeds; Charles William 
Bryden, Edin h ; George Stephenson Campbell, Halkyn 
Mines District Drainage Co. ; Arthur eg Holmes, 
Derby ; Arthur Werner Itter, Stud. Inst. C.E., Bury, 
Hunts ; Arthur Pine, Stud. Inst. C.E., New Wandsworth ; 
James Naaman Taylor, Stud. Inst. C.E., Taunton ; 
Augustus, Bythesea Todd, Stud. Inst. C.E., Assist. Eng. 
P.W.D. India; Charles John H Fyler Townsend, 
Stud. Inst. C.E., P.W.D., Ceylon; Thomas Tally, West- 
minster; and Lawrence Hersee Whitmore, Stud. Inst. 
C.E., Sloane-street, as associate members; and Lieut. 
— Edward McCallum, R.E., Woolwich, as an as- 
sociate. 
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STEAM HAULING GEAR FOR TELEGRAPH CABLES. 


CONSTRUCTED BY MESSRS. JOHNSON AND PHILLIPS, ENGINEERS, CHARLTON. 


Fig. J. 


THE accompanying engraving shows a new and well- 
arranged machine, designed and manufactured by Messrs. 
Johnson and Phillips, Charlton, Kent, for hauling tele- 
graph cables. In this form it is specially adapted for 
use on the decks of a cable-laying steamer or repairing 
vessel. As will be seen from the sketch it ists of a 


Fig. 2. 





and remixed with white lead, in fact cement so made is 
tougher than all new. Table No, I. annexed shows the 
results of a number of tests made by drilling a hole one- 
sixty-fourth part of an inch in diameter through a thin 
plate, upon which were placed soft wafers of the above- 

med cement one-thirty-second of an inch thick, these 





deeply-grooved Y wheel, which is surmounted by a 
“jockey” wheel, which is carried by a. weighted lever. 
This jockey wheel is exactly one yard in circumference, 
and actuates a revolution indicator which is also attached 
to the lever; so that the exact mileage of cable passed 
through the machine can be registered at any time. 

To the large Y wheel is attached a spur wheel, which 
engages a small pinion, the pinion being keyed to the 
crankshaft of a Brotherhood three-cylinder engine. 

These engines are fitted with reversing gear so that 
the cable may readily be returned, as is often necessary 
when it is being overhauled for repairing purposes. 
These machines are mounted on small wheels, so as to 
be readily moved about on a ship’s deck. The 
steam is supplied through a flexible hose, which is 
in convenient lengths of about 30 ft. fitted with 
brass unions for connecting to any suitable steam 
pipe already in connexion with the ship’s boilers. 
One or two positions on the deck winch steam pipes are 
generally most suitable. A flexible steam hose which 
lies on the deck also conveys the exhaust steam to one of 
the scupper holes, Several of these machines have been 
selected by Sir James Anderson for use on board the 
maintenance ships of the Eastern Telegraph Company in 
the Mediterranean, where we believe they have given 
much satisfaction, indeed they seem to be well adapted 
for doing good service wherever cables have to be passed 
from tank to tank, from ship to shore, &c. 








MATHER’S PAN MIXING AND GRINDING 
MILL 


THE accompanying engravings represent a neat and 
handy machine for grinding and incorporating red and 
white lead as used by engineers for making steam and 
other joints. The machine, which has been designed by 
Mr. G. R. Mather, of Wellingborough, consists of a cast- 
iron base suitable for fixing on a bench, &c., carrying a 
central column having at its top a lateral arm as shown 
in Fig.1. On the central column is mounted the pan 
of the machine, this pan having a long boss fitting the 
central column, and springs pressing against the lower 
end of this boss serving to force the pan upwards. The 
base of the machine has inclined surfaces on which the 
ends of the springs bear, as shown, so that the pressure 
exerted by the latter is adjustable. 

On the lateral arm of the central column is mounted 
the crushing roller, this roller being loose on the arm, 
but being fixed to the belt pulley by which the machine 
is driven. This pulley also carries teeth which engage 
with bevel teeth around the edge of the pan, so that both 
pan and crushing roller are driven. Outside the fixed 
pulley a loose pulley is mounted, as shown, while over 
the crushing roll is placed a cover carrying suitable 
scrapers, as will be seen from our engravings. Experi- 
ments made with this machine have shown that a great 
advantage is apparent between hand mixed and machine 
ground joint cement, the machine ground being tougher 
and more stringy than the former. Another feature is, 
that old dry lumps of mixed lead which have been laid b 
or years make an excellent cement when machine groun 


wafers being then subjected to hydraulic pressure until 
the water was forced through. The t difference in 
the results may be partly attributed to the machine 
ground lead requiring a larger quantity of red lead to 
bring the mixture to the same density as hand mixed. 
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Mr. Mather has also carried out a series of comparative 
tests of cement made of white lead and iron borings, and 
also of cement made of red and white lead only, both 
hand and machine mixed and subjected to steam instead 
of hydraulic pressure. In this case the samples of 
cement were rolled into cakes 4 in. thick and placed to 
cover a hole +, in. diameter, the boiler pressure available 
being 40 Ib. square inch. The results of the tests 








are given in Table II. subjoined. We should add that 




















the iron borings were sifted four times through a sieve 
with meshes 36 to an inch. 


Taste I. 





Pressures in Pounds ~ — Inch at which the Water 





























Blew ugh, 
Old Lumps Ground and 
All new Lead. new White Lead added. 
Test Hand Machine : 
Number. | Mixed. | Ground, | Machine Ground. 
Ib. lb. lb. 
1 35 75 90 
2 85 75 80 
3 35 80 90 
4 40 80 95 
TaBie II. 
Hand Mixed |MachineGround| Hand Mixed Machine 
4% | White Lead |White Lead and| Redand | Ground Red 
3 and Fine Fine Iron White Lead | and White 
& |[ron Borings. Borings. only. Lead only. 
b. | _ Ib. Ib. Ib. 
1] Burst at 20 oD ed 40 | Burstat10 | Burst at 30 
2 ” 15 ” ” il ” 30 
3 » ” 40 » 18 » «26 
4 nie » 40 ee ere 

















It is found that the machine can mix cement at about 
four times the rate that it can be done by a man, while, 
as we have seen, the product is much better. The action 
of the machine is moreover such that all the particles of 
cement are collected and balled up, leaving the pan clean 
for future use. Mr. Mather has already constructed a 
number of the machines we have described, and as they 
become known we expect that they will be largely em- 
ployed. They are evidently applicable for many other 
purposes than joint cement making, as for instance the 
preparation of putty, paint grinding, &c. 





TRANSMITTER.—The dis- 
Mr. Edison’s arene 
° ie 


Tae TELEPHONE v. THE 
claimer of certain portions of 
patents was granted on the 10th of Feb: 
directors of the Edison Telephone Company of London, 
Limited, immediately took steps to discover the sources of 
the infringement of their ts. It was found on 
inqni r, Gutta-Percha, and Tele- 


Works Company, Limited, of Silvertown, were 
manuf; the so-called ‘‘ Blake transmitter’’ in 
uantities for the Telephone Company, Limited. As 
Edison Company are advised by eminent counsel that the 
i ”’ transmitter is a palpable infringement of their 
+, their solicitors were instructed to write to the 


ilvertown Comgeny oot request them to discontinue the 
man . The 


ufacture Silvertown Comgnny, gy oF gna 
ranteed by the Telephone Company, Limited, no 
alternative but to comply, and it remains to be seen whether 


other ufacturer be found to su the “‘ Bell’’ 
Con with ‘* Blake’ transmitters hag of the de- 
of 4 
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THE TAY BRIDGE. 
To THz Epitor or ENGINEERING, 

S1r,—Convinced that words are taken for their own 
value, without too much consideration for where they come 
from, I venture these few remarks on a point which I believe 
strongly ought to be taken into consideration in making 
estimates for trestles, piers, or towers of t height. 

In following the method indicated fessor Unwin 
at the end of his letter printed on page 87 of your valuable 
paper (Jan 30, 1 , to determine the pressure of wind 
on a bridge, the results might be accurate enough for a 
steady wind stream, but would be very far from the truth 
eg a a oo 

y > enoug vibra e 
trestled pier with the bridge supported by it, in the same 
direction with the wind. The short squall passed the 
whole structure vibrates in a backward motion, and then 
forward again, &c., each vibration decreasing progressively. 
The second forward vibration is nearly equal to the first 
one in length, and consequently exerts on the structure a 
strain nearly equal to the strain exerted by the first blow. 
But if in the same time that the work vibrates in the same 
direction with the wind a new squall comes on it, the strain 
will be much increased, and the total will be repre- 
sented by the pressure of the wind plus the amount due 
to vibration. That augmentation of strain will increase 
the length of the next vibration in the same ratio. If a 
third and a fourth squall come again at the same time that 
the structure vibrates in the same direction with the wind, 
the strain might then become twice, thrice, or more times 
greater than the one due only to the wind stream which 

nerates it. Such might have been the cause of the Tay 
ridge disaster. 
I am, Sir, yours respectfully, 
JuLEs CROLLARD. 
Leadville, Colorado, February 21, 1880. 








THE STRENGTH OF RAILWAY BRIDGES. 
To THE EprTor oF ENGINEERING. 

Srr,—In your last week’s paper Mr.~Am Ende gives 
expression to a regret, shared T itlieve by many engineers, 
that we have not yet in this country seen our way to 
adopting formule on Wohler’s experiments in the 
design of structural ironwork. I confess I cannot share 
this feeling, and I should like to put on record, with your 
permission, what I conceive to a fatal objection to 
adopting in our practice the conclusions which Launhardt, 
Weyrauch, and others have drawn from Wohler’s experi- 
ments as to the allowable stress in iron and steel. In doing 
this, I pene I shall not be misunderstood as undervaluing 
in the slightest degree those laborious investigations, unique 
of their kind, and of immense value to us all. The question 
is only this: accepting the facts first definitely proved by 
Wohler, how shoald these affect our principles of design ? 

The essential point brought out by Wébler’s experiments 
is that the ultimate resistance of a material depends greatly 
on the range of stress to which it is subjected, and not 
simply on the maximum stress. If of two pieces of metal 
one 1s subjected alternately to 5 tons tension and 5 tons com- 
pression per square inch, and the other is alternately free 
and under 10 tons of tension per square inch, the two 
should be (roundly speaking) of the same size if they are 
to be of the same strength. So far I have, in my own 
work, anreservedly applied Wohler’s principle. But many 
German engineers, and (if I understand him rightly, Mr. 
Am Ende) go further. Wohler showed that (again taking 
round numbers) a piece of iron which broke eventually at 
10 tons per square inch if that load were alternated with 
no load, #.¢. if the range of stress were 10 tons per square 
inch, would stand 20 tons per square inch if it alternated, 
not with no loail, but, say, with 10 tons per square inch, 
the range being ‘then still 20-10, or 10 tons per square 
inch. Its limit of elasticity was raised under these circum- 
stances from 10 to 20 tons per square inch. In the first 
case a working load of 5tons per square inch alternating 
with no load is assumed to give a ‘‘ factor of safety’’ 
pay to the limit of elasticity) of 2. In the second 
case all the formule appear to assume that the same factor 
would be obtained if the piece worked under stresses vary- 
ing from 10 to 5 tons per square inch, #.¢., with the same 


f maximum stress. I confess that this seems to me 

minimum stress 
to contain an error which may have very serious con- 
sequences if it be acted upon to any considerable extent. 
Wohler’s experiments are, unfortunately, very imperfectly 
recorded. He gives details of his machines and summaries 
of his results, but no details of the experiments, not even, 
in most cases, the sizes of the pieces tested. To look at his 
meagre tables after such carefully arranged and analysed 
results as those of Mr. Kirkaldy, which you published last 
week, is most tautalising. The consequence is, that it has 
remaincd unnoticed that at the higher limit supposed of 
say, 20 tons, the material cannot have been its original 
length, but must have been permanently stretched. In 
recent experiments made in our testing machine here I have 
repeatedly found pieces of mild steel p»rfectly elastic under 
a load equal to 95 per cent. of the load which broke them. 
But they were, nevertheless, some 15 ver cent. (in 10 in.) 
longer than they had been originally. If the first or ordi- 
nary limit of elasticity of a piece of material be 10 tons per 
square inch, then, until some definite evidence be given to 
the contrary, we must assume that any greater load than 
this gives the piece some permanent set. Wahler, at least, 
has said nothing to lead us to believe that this is not so. 
The first time 20 tons is applied the piece will stretch 
greatly ; if the 20 tons be applied again and again alter- 
nately with no load the piece will eventually elongate still 
further and break. If the 20 tons alternate with 10 tons 
only, the piece soon takes up its final length, and then re- 
mains not only unbroken but still perfectly elastic. 

But I submit, 'Sir, that we cannot work a bar up to 
10 tons per square inch, and say that it is only at its 


ratio o 


limit of elasticity, simply because we never allow the load 
on it to fall be 5 tons per square inch. We could do 
this only if we first made our conditions the same as 
Wohler’s, and used in our structure only bars which had 
been already stretched by 20 tons per square inch. I am 
far from saying that the alternative is an impossible one, 
but practically its adoption is not seriously under discussion 
at present, and especially it does not seem to have occurred 
to those engineers who have most strenuously urged the 
adoption of such methods of design as are suggested by 
Mr. Am Ende. 

I hope you will consider the importance of the subject 
some excuse for the length of this letter. 

Yours truly, 
Auex. B. W. Kennepy. 
Engineering Laboratory, University College, W.C. , 








THE PALLISER GUN. 
To THE EDITOR oF ENGINEERING. 

Srr,—In your issue of February 13, 1880, Sir William 
Palliser in discussing the explosion of the Thunderer’s gun, 
gives a record of some experiments made with double charges 
on the Palliser gun. He finds that the diameter of the 
wrought-iron barrel is increased immediately above the 
place occupied by the forward powder charge, and attributes 
this action to the direct influence of the pressure exerted 
ty the explosion of the forward charge of powder itself. 
To me it would appear that the bulging of the gun at 
this point is due to the cutting or compressing action 
(probably the former) of the rear projectile. This pro- 
jectile tween the two charges of powder) becomes 
“‘upset,”” increasing in diameter, owing to the combined 
action of the double charge, and cuts into the barrel of the 
gun ; necessarily this action is greater near the beginning 
of the egress of the projectile, before the latter is partially 
strai — by the resistance of the metal of the wrought- 
iron barrel. 

If, however, the projectile is not exactly symmetrical in 
relation to its own axis or to the axis of the gun, the 
forward powder exerts an ununiform pressure upon the rear 
projectile, causing the same to “ tilt,’’ which when added 
to the “‘ upsetting’’ action above described, gives sufficient 
cause for the gauging of the wrought-iron barrel as 
determined in Sir Palliser’s experiments. The correctness 
of this hypothesis would be definitely ascertained if the 
weight of the barrel after firing were found to be less than its 
original weight. 

Very respectively, 


W. H. WEIGHTMAN. 
New York, February 25, 1880. 








“A HYDRAULIC NOVELTY.” 
To Tue Eprror oF ENGINEERING. 

S1r,—Your correspondent ‘‘ Ado’’ (see p. 184 ante) on the 
above subject bases his proof on an erroneous principle, which 
I hope will be understood from the following : The level in 
the tube d will be above or under that of the receiver B, ac- 
cording to whether the mouth of d is against the stream or 
in the direction of it. Besides the hydrostatical pressure, 
there is, viz., no other pressure or tension possible than 
that due to the direction of the stream. Now, when the 
tube d enters from the top end of ¢ against the stream, 
there is always a pressure in d as the water strikes against 
the mouth of it. If the mouth of d is at the top end of c, 
the pressure and the indicated head is the same as if d was 
placed in the same direction anywhere in the stream, out- 
side c. If the mouth of d descends towards the reduced 
part of c, where the flow is more rapid, the head increases 
and reaches its maximum when d is at the most reduced 
part ofc. If d descends still further, it again reaches a 
slower stream, and the indicated head decreases until it 
comes to its minimum when d is at the end ofc. Should 
again d enter at the bottom end of c, with its mouth in the 
direction of the stream, there will always be a suction in 
d, which is the greater the nearer d is to the reduced part 
of c. 

I am, Sir, yours respectfully, 
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LonDoNn ASSOCIATION OF FOREMEN ENGINEERS AND 
DRAUGHTSMEN.—At the monthly meeting on Saturda 
last, Mr. William May read a paper, elaborately illustrated, 
on ‘‘ Steam Ferries on the Thames below London Bridge.”’ 
An animated discussion followed. Mr. Newton presided. 





Tue INSTITUTION oF Civ1L ENGINEERS.—A circular 
has just been issued to the students of this Society intimat- 
ing that the Council have arranged for a series of supple- 
mental meetings to take place on the following Friday 
evenings at 7 o'clock, viz., March 12th and 19th, and 
April 2nd, 9th, and 16th. The papers to be read are re- 
spectively : ‘‘ Storage Reservoirs,’ by Walter Cradoc 
Davies ; “‘ The Manufacture of Bessemer Steel Rails,” by 
Horace Allen ; ‘‘ The Construction of Brick and Concrete 
Egg-Shaped Sewers,’’ by Ernest van Putten; ‘‘ Small 
Motive Power, by H. S. Hele Shaw; and ‘‘ Railway Tyres 


and Tyre et ape ey by Robert Read. It is proposed 
that the chair shall be taken by the following members of 
Council in rotation: Mr. M. Giles, M.P.; Dr. William 


Siemens, F.R.S.; Mr. R, Rawlinson, C.B.; Dr. Pole, 
F.R.S.; and Mr. Berkley. The students have been re- 
minded that the Council are prepared to award the Miller 
Scholarship of 401. per annum for three years if a paper of 
adequate importance is received, as wellas Miller prizes 
for other approved communications ; and it has been 
intimated that these meetings will be continued provided a 





sufficient number of suitable essays are sent in. 








NOTES FROM THE SOUTH-WEST. 

The South Wales Coal Trade.—A meeting of the 
Monmouthshire and South Wales Collieries Association 
was held at Cardiff on Saturday, Mr. W. T. Lewis in the 
chair. There were present, besides the sagussuntedives of 
the men on the Sliding Scale Committee, Mr. Abrahams, 
the vice-chairman of the committee. The meeting was 
called for the purpose of taking into consideration some 
alleged grievances under which the workmen of the Graig, 
Merthyr, and Graigola Coilieries suffered in consequence 
of certain reductions made in their wages during 1877 and 
1878, these special reductions — other than those for 
cutting coal, and which brought their wages rate 5 per 
cent. below that of the colliers at other collieries. A depu- 
tation from the workmen at the collieries attended, and 
explained the nature of the reductions. The managers at 
the collieries also attended,'and after hearing both parties, 
the following resolution ‘was passed : “ That, after careful 
consideration of all the facts given in evidence by the work- 
men and owners in connexion with the disputes at Graig, 
Merthyr, and Graigola Collieries, the committee are 
dhliged to come to the conclusion that they cannot permit 
any deviation from the sliding scale agreement, and that, 
therefore, the wages payable at present can only be at an 
advance of 5 per cent. on the earnings of December last.” 


Rhas Las Coal.—This celebrated vein, well known at 
Dowlais, has been hitherto lost lower down the vale. 
Some have surmised that it may be deep down below the 
Merthyr Union, others that the Merthyr Church fault has 
thrown it out. At Abercainaid a fine vein, 9 ft. thick or 
more, was found some years since and worked. This was 
supposed to be the missing vein, but all at once, after ex- 
hibiting for a short time the finest prospects, it disap- 
peared, and was regarded as gone irrevocably. few 
days since, however, in the Cwm Pit, of Cyfarthfa, it re- 
appeared, so it is confidently conjectured the missing vein 
was struck. So far the similarity is very close, and good 
judges are confident it is the missing vein. 


Se Me ap meg weather which prevailed in the 
earlier part of the past week may somewhat account for 
the smallness of the foreign exports of coal, which show a 
reduction of 42,512 tons as compared with the previous 
week. Several large contracts have been booked at fair 
prices for both steam lumps and No. 3 Rhondda, which 
continue in great demand. The best kinds of coke were in 

demand last week at prices ranging from 23s. to 
4s. 6d. per ton, but none left the port during the week 
owing to the scarcity of tonnage. 





NOTES FROM THE NORTH. 
GuLascow, Wednesday. 

Glasgow Pig-[ron Market.—Last Thursday’s warrant 
market was in dull, the reduction in makers’ prices 
causing a further decline in the price of warrants to the 
extent of 9d. per ton. Business opened in the morning at 
62s. 6d. cash—4id. lower—to 63s. eight days, and from 
62s. 9d. to 63s. 3d. one month; closing sellers at 62s. 9d. 
cash and 63s. 3d. one month, and buyers 14d. less. The 
quotations in the afternoon fell from 62s. 6d. to 62s. 3d. 
cash, and from 63s. lid. to 62s. 9d. one month, sellers at 
the close asking 62s. 3d. cash and 62s. 9d. one month, and 
buyers offering 14d. less. The market suffered another 
severe reduction on Friday, quotations receding 1s. 7}d., 
thus making a decline of 4s. 6d. over the week, and a fall 
of 10s. from the 16th of February. In the forenoon busi- 
ness opened at 60s. eight days and at 60s. lid. cash, and 
the market closed with buyers at 60s. 44d. cash and 60s. 9d. 
one month, and sellers 1}d. per ton over. In the afternvon 
59s. 73d. cash was touched, but thence prices rose to 
60s. 104d. cash and from 60s. to 61s. 3d. one month, the 
close, however, being weaker—buyers at 60s. 6d. cash and 
61s. one month, and sellers asking 1jd. higher. The selling 
at the end of the week almost amounted to a ic. There 
was again a weak market on Monday and holders still 
pressed sales at reduced prices. The quotations were at 
one time 2s. 44d. down, but a slight recovery was obtained, 
and the close was 1s. 103d. under last week’s final quota- 
tion. Business was done during the forenoon at 59s. 3d. 
to 58s. 8d. cash and at 59s. to 58s. 6d. fourteen days, closing 
with sellers at 58s 44d. cash and 58s. 9d. one month, and 
buyers 14d. less. Prices rose in the afternoon from 
58s. 43d. to 59s. cash, and from 58s. 9s. to 59s. 6d. one 
month, and the market closed with sellers at 58s. 9d. cash 
and 59s. 3d. one month, and buyers etering lid. per ton 
under. Yesterday’s market opened dull, and prices at one 
time touched 58s.—a fall of 9d.—but thereafter a sudden 
advance took place, and did not stop till prices touched 
Gls. 7}d., being 3s. 74d. over the lowest price, and 3s. 
over the previous day’s closing sale. Prices were 
quoted during the forenoon at from 58s. 9d. to 58s. 
and thence to 60s. 3d. cash, and from 58s. 9d. to 60s. 9d. 
one month, the market closing with buyers at 60s. 3d. 
cash and 60s. 9d. one month, sellers 3d. per ton more. In 
the afternoon from 60s. 3d. to 61s. 7id. cash, and from 
60s. 9d. to 62s. one month were the quotations, the market 
closing with buyers at the highest fi —6ls. 7}d. cash 
and 62s. one month, and sellers 3d. over. The market 
opened this forenoon with 61s, 6d. cash paid, the price re- 
ceding quickly to 60s. 8d. cash, then improving to 61s. 3d. 
ten days, but returning to 61s. one month, and closing firm 
at 61s. ten days paid, and rather buyers at 61s. 3d. one 
month, The opening prices in the afternoon were 60s. 7}d. 
cash and 61s. one month, receding to 60s. 1jd. cash, 
gradually improving to 61s. fourteen days, then 60s. 7id. 
cash, and 61s. one month done, closing buyers 60s. 74d. 
cash, and 61s. one month. Up till the end of last week the 
market was very much depressed, the special brands being 
considerably reduced in price by the makers, in some 


cases, 5s. or 6s. per ton. There has been a fair demand 
for ordinary brands, more ially for No. 3, but in 
special brands comparatively little business has been done, 
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as consumers have only bought to meet pressing require- 
ments. America and the Continent for the present are not 
large buyers. The shipments of purchases already made 
on American account are being rapidly pushed forward, 
and likely to be large for some time to come. Two addi- 
tional blast farnaces have. been in, M3 in 


. 
operation as ¢ 89-at this time year... The. stock 
of pig iron essrs. Connal and Co.’s warrant stores was 
443,822 tons at the end of last week, thus showing a de- 


‘ ts 
amonnted to 17,932 tons as compared with 13,910 tons in | tan 


the corresponding week of last year. 


Mr. Robert Napier’s Bequest.—The trustees of the late 
Mr. Robert Napier, Shandon, have distributed 10001., 
left by him for Scotch and English institutions, as follows : 
Mechanics’ Institution, Glasgow,  500l.; Philosophical 
Society of Glasgow, 100l.; the Institution of Engineers 
and Shipbuilders in Scotland, 1001, ; the Institation of Civil 
Engineers, London, 1001.; the Institution of Mechanical 
Engineers, London, 1001.; Victoria Institute, London, 
1002, 

al Scottish Society of Arts.—At the usual meeting 
of this society, held on Monda tray SRE George 
Blanshard, president, in the chair—a long discussion 
took place on & paper on “The Drainage and Sanitary 
Fittings of Houses,’’ &c., which was read at the preceding 
meeting by Mr. W. P. Buchan, plumber and sanitary en- 
gineer, Glasgow. Considerable ip nga of opinion was 
expressed by the speakers, and at the the author of 
the paper replied to the criticisms advanced. 

Institution of Engineers and Shipbuilders in Scotland. 
—A special meeting of this institution was held last night, 
when the discussion on Mr. Day’s meee on the Tay and 
Forth Bridges was resumed and completed. Amongst the 
speakers there were Messrs. Simpson, Arrol, Fairweather, 
Barclay, Clapperton, Alexander Smith, James E. Wilson, 
and other members. 


Anstruther Harbour.—In the report of the Board of 
Trade on Provisional Orders for Piers and Harbours it is 
stated that they intend to sanction, with some modification, 
an order allo the Anstruther Harbour Commissioners 
to borrow an tional sum of 20,0001... They will also be 
empowered to additional rates, but the increase must 
not exceed one- of the present scale. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
The Revival in the Lead Trade. — There are many 
investors in this district in the lead mining interest, the 
operations being carried on in the adjoining lead districts 





adjoining 

of Derbyshire.: For some years past the quotations for 
lead have been so low owing to foreign competition, that 
heavy losses accrued to the local enterprises ; now, however, 
‘* paying’’ rates have been secured and the greatest activity 
is being shown in this industry. Siping operations are 
being conducted on an enlarged scale,” and the search for 
lead in the Derbyshie ‘‘ lodes’’ is creating quite a “ revival’ 
in the trade. 

Enger :Trades.—Those branches which are so 
largely dependent on the heavy trades are daily exhibiting 
an improvement. Engineering s are receiving orders 
for machinery which keeps all hands fully employed, and 
as the pressure of work advances in .the iron trade more 
business.is anticipated. Many of the] ‘* shops’’ here 
are e ed on making tyres, axles, and the finer engine 
parts. latter are mostly being sent to the North, 
Scotch firms having some good con to hand for loco- 
motives. As a rule, however, Sheffield engineering firms 
find plenty of work 1 .. The men are working quietly, 
and not agitating, so that business is expe to progress, 
and thé" indications’ are that this ch will more 
prosperous'in the course ‘of ‘a month or two. The Leeds 
engineering ‘firms are reported well off for work. 


Utilisation, of Common. Irons for Steel Bryrposes—A 
series of im) nt.experiments, are being conducted in 
private by one of the leading steel_ manufacturing firms in 


Sheffield, for the purpose of determining whether high-class 
Bessemer steel esntinat be cod fine Derbyshire and 
Lincolnshire vig. So far the results’ have ‘been satisfac- 


tory, though arrived ab after niuch se. From what 
we areinformed itis probable that an ixture of Spanish 


hematite will give a” superidr article, and a mi ateel is 
the produigt whtek tis matisipated ‘willbe intrbttnsed into 
the market as the” ‘of this effort.’ No details ‘are, 

however, procurable as to the experiments. 
Wood vayePhere is' considerable discussion in 
ion ‘of woot for the roadways. 







Granite on the level: stre ere is a ‘heavy traffic, 
though Jaid at an found unsnit- 
able, and-rapidly to ge er. The sltpperiness of the 
material in frosty we led to ‘accidents and 
eke tea ns uention now bm Sa aisae 
itehi 1 rb ed, an@#bod pavenients. 
The question is “Oué’'a’ towns, = = 
pinion, based xperience, is thatisoft stone sets in the 
end arg Ave ghoanen and possi, med to ial advan- 
tage on iain ¢ a good foothold can be secured. 
AssoctaTIon O# Mumtcuy Dm SAwrrary Enat- 
NEERS AND SUkVevoRs.—The rext 4 meeting of 
this asso tion will take place On Friday, March 19, the 
members aasetiblng nt 111 a.m. in th Borough Oices, 
ree, ‘I ry, Yor rd. | paper wi 
entitled ““PhevBanitacy> Condition. oe tes on its 


Sewe : herr ~ ; : E.. 43 

r Rh heme: ae, X ‘O88, ' and OD papers. 

= be talon its 1 permtin , Wc in progress will 
en be ‘ 2 be taken on the 


tramway with a view of enabling members to judge of the 
merits of steam traction ; and likewise various mills in the 


FOREIGN AND COLONIAL NOTES, 


Tron Ore in the United States.—It appears tolerably cer- 
tain that the quantity of iron ore imported into the United 
States in 1880 will be larger than in 1879, important con- 
tracts having been concluded. Probably 500 tons will 
be imported in 1880; this is the opinion of the American 
Tron and Steel Association. The 
300;000 tons ; those of 1878 were 31,400 tons. 


Canadian Railways.—The Quebec Government has 
possession of the eastern division of the Quebec, 
Montreal, Ottawa, and Occidental Railway, which will be 
worked by the Canadian Departundas of Public Works in 
the same manner as the Intercolonial Railway is now 
worked by the Dominion Government, 


Montreal and Sault Sainte Marie Railway.—Deputa- 
tions of the Toronto and Montreal boards of trade have 
urged upon the Canadian Government the construction of 
anaes “‘air-line” railway from Mon to Sault Sainte 
Marie, there to connect with a line which Minnesota gentle- 
men propose to build from St. Paul. It was urged that this 
would give the shortest line to Manitoba, being only 1406 
miles in length. Sir Charles pepper replied that the 
Government policy was still for the construction of a 
through line from ocean to ocean, which should be entirely 
on Canadian soil. He hoped that by July, 1882, the time 
between Montreal and Winnipeg would be reduced to 
60 hours. He had an engineer in the field collecting in- 
formation regarding the proposed air-line, but he was not 
rep peaaret to state the views of the ministry on the 
subject. 


Grinding Chilled Car Wheels.—Some interesting data 
have been collected in connexion with work performed in 
grinding chilled car wheels with the Gowan machine. [tis 
stated L the Chilled Car Wheel Grinding Company, of 
Carson, Nevada, that 16 pairs of 33-in. wheels, trued by 
this process, were put into service October 1, 1877, on the 
Virginia and Truckee Railroad, and up to November 13. 
1879, had made 81,848 miles, with 24,728 stops, controlled 
by the Westinghouse air brake. The diameter was found 
to have been reduced 4 in., and the wheels were supposed 
to be capable of making as much additional mileage before 
second grinding becomes necessary, which will leave ,', in. 
depth of chill, making due allowance for inequalities in 
depth. The machine, it is said, will true one pair of wheels 
per hour, the average cost of emery for a new wheel being 
8 cents, and for an old wheel 16 cents. Any person 
familiar with the use of tools can work the machine after 
a few hours’ instruction. 


American Locomotives in New Zealand.—New Zealand 
has now 1151 miles of railway in working, and as much 
more either in contemplation or under construction. It is 
noteworthy that the through passe traffic on the only 
anapleed trunk line, the Christchurch and Invercargill, is 
worked exclusively by American engines, with 12in. by 20 in. 
cylinders, four coupled driver 4 ft. diameter, and two Bissel 


An order has been sert to the Baldwin Works for some 
eight-wheeled coupled goods engines, with leading Bissel 
bogie 15 in. cylinder, and 3 ft. drivers, of the so-called ‘‘ Con- 
—— pattern, to work the heavy goods traffic on the 
same line. 


Coal on the Philadelphia and weg ay em eae 
aggregate movement of coal over the Philadelphia and 
Reading Railroad in the year ending November 30, 1879, 
amounted to 8,147,680 tons, as with 5,909,140 
tons in the year ending November 30, 1878, and 7,255,318 
tons in the year ending November 30, 1877. 


American Locomotive Building.—It rs that the 
Baldwin Locomotive Works at Philadelphia ilt last year 
420 locomotives, as com with 292 in 1878, 185 in 1877, 
232 in 1876, 130 in 1875, 162 in 1874; and 437 in 1873. 
The works are now employing 2400 nien on full time. 


Rails on the New York, Lake Erie,'and Western Rail- 
road.—The total number of miles in’ the main track and 


road is 1292, of which 812} miles are laid with steel, and 
479} miles with iron. re 

South African Coal.—A sample of Indwe coal has been 
tried on one of the locomotives on the Uitenhage line. The 
coal burnt well, and the pressure of steam was easily main- 
tained throughout the journey, although the train drawn 
was unusu heavy. The locomotive superintendent, 
Mr. Thornton, reports favourably upon the Indwe coal, as 
compared with that from Molteno, which is hard an 
slatey, and must be mixed with Welsh steam coal before it 
ean be used to advantage, whereas the Indwe coal burns 
well by itself. The Moltena coal is well adapted for con- 
sumption in the furnaces of stationary engines and _ 
fireplaces, but in the confined space of a locomotive firebox 
it is too apt to cake over the bars and melt them. Loco- 
motives specially constructed with an increased fircbox 
area, would possibly burn the Molteno coal satisfactorily. 
These trials have, however, established beyond a doubt 
the fact that Sonth Africa possesses a large supply of more 
or less useful coal. 

Lighting Railway Carriages. ~The Westinghouse Light- 
ing Company, composed of members of the Westinghouse 
Air Brake Company, Pittsburg, have applied for a charter, 
and will commence operations as soon as they obtain the 
same. The object of the new company is the working an 
invention of Mr. Westinghouse for lighting passenger, 
mail, and luggage cars, and furnishing lights to individuals, 
companies, and the public generally. 

New South Wales Coal.—Experiments have been made 
in England with the bog-head fuel from New South Wales 
for gas-making purposes, and it is found that a mixture 
amongst best English gas coal of but 7 per cent. of the 


of 1879 were | to 


bogies, built at the Rogers Works, Paterson, New Jersey, | j 


branches of the New York, Lake Erie,‘and Western Rail- | yy. 


gas made by eight candles. A charge of 50 per cent. of 
the same fuel gave a flame of ig ome brilliancy. Two 
large gas companies, it is said, have taken steps to bring 
over 10,000 tons of this bog-head fuel this year, consider - 
ing that thereby they will be able to make a complet» 
answer to the electric light. By the time the fuel is lande:| 
at the gas works in this country it will cost from 70s. 
t A wel per ton. The experiment will be watched with 
interest. 


Texas and Pacific Railway.—A contract for the con- 
straction of the Texas and ific ilway, from Fort 
Worth to Hl Paso, a distance of 750 miles, has just been 
signed. The contract price is understood to be 20,000 dols. 
a mile, to be paid in first mortgage bonds of the company. 


Canadian Railways.—We learn from the report of the 
Ontario Commissioner of Public Works for 1879 that 
eight new railways, having a total length of over 400 miles, 
have progress during 1879, viz., the Oredit 
Vv , the Huron and Erie, the Georgian Bay and 
Wellington, the Midland Extension, the Prince Edward 
pe aap 2 the Canadian Central Extension, the Stratford and 
Lake Huron, and the Grand Junction lines. At the date 
of the Confederation of the Dominion, 1867, there were 
1464 miles of railway in the province ; since that date 1917 
miles have been constructed, and 470 miles more are either 
building or under construction. Mr. Brunel and party 
who have been exploring the Nipissing district have re- 
turned to Ottawa. They report having found a practicable 
route for the Sault Sainte Marie line on the north shore of 

ing, between the Spanish river and the Sault. 


Cheap Belgian Railways.—A company has been formed 
in Belgium for the construction of cheap railways. ‘The 
share capital has been fixed at 320,0001., of which one- 
fourth is to be at once called up. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was a fair 
average attendance on ’Change at Middlesbrough, but 
there was gy ad business transacted, the absorbing 
topic being the dissolution of Parliament. It was found 
that Messrs. Connal and Co., the warrant storekeepers, 
had a stock of Cleveland pig amounting to 103,220 tons. 
Their G w stock stands at 443,920 tons. Prices re- 
ceded considerably, and No. 3 Cleveland pig was offered as 
low as 55s. per ton. Although merchants were ready to 
do business at that figure, makers adhered to their quota- 
tions, believing that fluctuations and depressed onsen 
were due only to speculation. On Monday Messrs. Downey 
and Co. blew in two of the furnaces at the Lackenby Iron 
Works, which they recently purchased. At several other 
works preparations are being made for the blowing in of 
a | emnaen, as the production at present is not equal to 

e demand. 


The Finished Iron Trade. —All the iron works which are 
in operation are fairly well occupied, and prices are fully 
maintained. Ship plates are quoted 91., angles 81. 5s., and 
oe bars 81. per ton less 24} per cent. Ironwerkers 
nd full employment, and there is a scarcity of puddlers. 


The Steel Trade.—There is a good demand for steel rails, 
The Eston Works of Messrs. Bolckow, Vaughan, and Co., 
of Middlesbrough, are fully employed, and there is every 
reason to believe that the extensive additions which the 
company are making to their Eston plant will be kept in 
constant operation for some time to come. At the Erimus 
Works, Middlesbrough, which are now the property of 
Mr. Muller, rapid progress is being made with the altera- 
tions for laying down a complete steel plant for the making 
of springs. ‘The Darlington Iron Company are hurrying 
forward their steel plant, and will soon be ready to make 
ingots from Bessemer converters. 











LIVERPOOL ENGINEERING SocizTy.—The usual fort- 
nightly meeting of this society was held on Wednesday 
the 10th inst. at the Royal Institution, Colquitt-street, 
r. A. Ross, President, in the chair. Mr. E. M. Touzeau, 

Member of the Sanitary Institution of Great 
Britain, réad a ere entitled ‘‘ Subsoil Waters and their 
Drainage.’’ The author having briefly alluded to the 
effect of subsoil drainage upon the volume and flow of 
rivers, and the various works in which a knowledge of its 
principles are required, proceeded to consider the subject 
in its relation to health and comfort of town populations. 
The necessity was urged of subsoil drainage being under- 


d|taken as part of every sewage scheme, and further its 


extension to such places as are at present sewered withont 
attention having been given to the drainage of the soil. 
The largely increased discharge of sewers owing to subsoil 
water was alluded to, and the advisability of relieving 
them of this duty was urged. In its effect upon town 
populations, the increased temperature of the ground, 
specially to the poor, and the improvement in ground air 
from the removal of pene water, was pointed out. If 
works of this description were more generally carried out, 
it was remarked that much of the water now flowing off 
the surface into the sewers might be carried off by the land 
drains to the easement of the sewers. Attention was then 
directed to the causes of wetness in land, and the various 
ways by which the water might be removed, also the 
necessity for regulating the depths and spacing of the 
drains apart according to the pervious or non-pervious 
nature of the ground in which the drains were laid. Cases 
were mentioned where want of attention to the direction 
of flow in subsoil waters, the pipes intercepted but little of 
the water which in cases of this kind flowed between the 
pipes instead of into them. From instances such as these 
pr aectiory of attention, it was requisite that the requirements 
of each district or portion of a district should be studied 
before works for the drainage of the subsoil were carried 








district will be visited by kind permission of their owners. 


Australian coal will increase the illuminating power of the 
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THE NEW YORK ELEVATED RAILROAD: TYPES 9 


CONSTRUCTED BY MESSRS, CLARKE, REEVES, AND CO,, gygyy 
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NOTICES OF MEETINGS. 

INSTITUTION OF CivIL ENGINEERS,—Tuesday, March 16th, at 
8 p.m. Discussion on ‘The Purification of Gas.” 

INSTITUTION OF NAVAL ARCHITECTS.—The meetings will be held 
as follows: In the Hall of the Society of Arts, John-street, Adelphi 
(by permission of the Council). On Wednesday, March 17th, 
morning at 12 o'clock; on Thursday, March 18th, morning at 12, 
and evening at 7 o'clock; and on Friday, March 19th, morning 
at 12, and evening at 7 o'clock, Lord Hampton, G.C.B., D.C.L., 
will occupy the chair.— Wednesday, March 17th. Mo: meet- 
ing, at 12 o'clock. 1. Annual Report of the Council. 2. Election 
of Officers and of the Council. 3. Address by the President. The 
following paper will then be read and discussed: “On Causes of 
Unseaworthiness in Merchant Steamers,” by Benjamin Martell, 
Member of Council, Chief Surveyor of Lloyd's Registry.—Thurs- 
day, March 18th. Morning meeting, at12o'clock. 1, “The Nelson 
Class,” by N. Barnaby, C.B., Director of Naval Construction— 
Admiralty, Vice-President. 2. “On the true Nature of the Resist- 
ance of Armour to Shot,” by J. Scott Russell, F.R.S., Vice-President. 
3. ‘A method of analysing the Forms of Ships and determining 
the Mean Angle of Entrance,” by A. C. Kirk, Member. 4. “On the 
Steam Trials of H.M.S. Iris, and the Resistance of Screw Pro- 
pellers," by J. A. Normand, Member.—Evening meeting, at 
7 o'clock. 1. “Twenty Minutes with Passenger Steamers on the 
Long Ferry,” by J. R. Ravenhill, Member of Council. 2. “ On the 
Stability of Yachts.” by Dixon Kemp, Associate. 3. “On a Wave 
Line Form of Midship Section,” by J. Scott Russell, F.R.S., Vice- 
President.—Friday, March 19th. Morning meeting, at 12 o'clock. 
1. “On Cellular Construction of Merchant Ships,” by W. John, 
Member of Council. 2. “On Steelj in the Shipbuilding Yard,” by 
W. Denny, Member of Council. 3. “On Steel for Shipbuilding,” 
by H. H. West, Member. 4. “On the Relation between the true 
Period of Waves and the Period as observed on board a Vessel,” 
by Emil Bertin. Member. Evening meeting, at7 o'clock. 1.“A 
Simplification of the Thermodynamics of Steam," by J. MacFarlane 
Gray, Member. 2.“ On some Recent Experiments in Artificial 
Combustion,” by J. F. Flannery, Member. 3. “On J, Amsler 
Laffon's Mechanical Integrator,” by C. W. Merrifield, F.R.S., 
Associate-Member of Council. 

INSTITUTION OF SURVEYORS.—Monday evening, March 15th, 
Adjourned discussion on the paper by Mr. W. L. Hus! 
entitled, “The present Depression in English Agriculture; its 
= — oo Causes,” will beresumed. The chair to be taken 
at 8 o'clock. 

THE METEOROLOGICAL SOCIETY.—Wednesday, the 17th inst., 
at 7pm., at the Institution of Civil Engineers, the following 
papers will be read: “Thermometric Observations on Board the 
Cunard R.M.S.S. Algeria,” by Captain William Watson, F.M.S, 
“On the Greenwich Sunshine Records 1876-80," by William Ellis, 
F.R.A.S., F.MLS, “On the Rate at which Barometric Changes 
traverse the British Isles," by G. M. Whipple, B.Sc., F.B.A.S., 
F.M.S. At 8 p.m. the discussion on the papers will be suspended, 
in order to afford the Fellows and their friends an opportunity of 
ins ing such instruments as have been sent in for exhibition. 

YSICAL SocreTy.— Saturday, March 13th, at 3 pm. The 
following communications will be made: ‘‘ Note on a New Source 
of Electricity,”\by Professor W. F. Barrett. ‘On the Surfusion of 
Certain Metals,” W. Chandler Roberts. 
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THE METROPOLITAN WATER ACT. 

IN many cts Mr. Cross may be congratulated 
in respect to his domestic legislation. His Artisans’ 
Dwellings Act was an excellent attempt at improv- 
ing the condition of the homes of our operatives, while 
in minor matters he has shown a special aptitude to 
study and to suggest improvements in the social 
condition of the country. His last effort in this 
direction is now prominently before the public deal- 
ing with the a of the water supply of the 
metropolis, He has promptly redeemed the promise 
he made last session of taking up the subject, but 
with what success his efforts may be followed will 
be a question of much discussion. Too many 
interests are involved to permit of an easy solution 
of the difficulties that must necessarily arise. 

In this kingdom all the wants of the community 
are generally met by commercial enterprise. Hence 
our gas, water, railway, telegraph, and other systems 
have been originated by private individuals or com- 
panies. One of these—the telegraph system—has 
already been absorbed by Government. Gas and 
water still remain in the hands of private companies, 
or have been gradually purchased by local autho- 
rities. But the metropolis has no analogous case in 
any parochial towns, either here or abroad. Its 
population almost equalsthat of Ireland, and exceeds 
that of Scotland. Hence the magnitude and im- 
portance of the subject of London water supply. 

Before expressing any opinion on the character 
of the Bill introduced by Mr. Cross (Bill 97 of the 
present session), it is desirable that a brief analysis 
of its provisions should be given. After setting forth 
the reasons that gave rise to the Bill, that is, ‘To 
make further provision for the supply of the metro- 
polis, and the adjoining populous places, with 
water,” the first clause gives the name by which the 
Act may be cited for all purposes as the ‘ Metro- 
politan Water Act, 1880.” 

Clause 2 states how the purposes of the Act are 
to be carried into effect by a body of trustees. It 
enacts that a trust shall be established, to be called 
the ‘Metropolitan Water Trust,” whose duties 
shall be (Clause 3) to secure (1) the supply of pure 
and wholesome water (a somewhat tautological de- 
finition) for drinking and other domestic p ; 
(2) the supply of water sufficient for watering streets, 
the extinguishment of fires, and other public pur- 
poses ; 0 for manufacturing and other general 
purposes ; (3) the maintenance, so soon and so far 
as practicable, of a constant supply of water; and 
(4) the maintenance of a supply in the mains, 
under such pressures as will efficiently provide 
for high service, and the extinguishment of fires. 
If we are not mistaken, the Acts under which 
the companies, as they now exist, enforce all these 
duties on them, however inefficiently such duties 
have hitherto been carried out. 

Clause 4 defines the general character of the 
‘* Water Trust,” and Clauses 5 and 6 their powers 
and duties, which for the present may be dismissed 
from discussion. Clause 7 provides for the acquisi- 
tion of the undertaking of the existing companies. 
By sub-section (1) the Water Trust is empowered 
to buy each scheduled company for the consideration 
in “ordinary” or ‘** deferred stock,” referred to in 
the Act as ‘‘the purchase stock ;” (2) the date of 
the purchase is to be July 1, 1880; (3) the under- 
taking of the company by the Water Trust is to be 
on October 1, 1880; (4) between the two afore- 
mentioned dates the vendors of each undertaking 
shall be deemed to be trustees of the undertaking 
for the Water Trust; and (5) the first half-yearly 
payment of interest by the Water Trust shall be 
due on January 1, 1881 (other than the deferred 
stock) and the payment is to be made on April 1 


n, | following. By Clause 8 provision is made for the 


temporary continuance of business by the companies, 
and by Clause 9 provision is made in all respects of 
obligation, &c., for the Water Trust to take the 
legal positions of the companies on October ], 1880. 

Clauses 10 to 23 inclusive, deal with the financial 
arrangement by which the existing companies are to 
be satisfied for giving up the property. Clause 10 
provides for the issue of two kinds of stock called 
* consolidated water stock.” One stock entitles 
the holders to interest which begins to accrue on 
July 1, 1880; and the other stock affords only a 
deferred interest. The two stocks are to be distin- 


;| Works. Finally, there are to 





guished respectively by the terms ‘ ordinary water 
stock,” and “ def ‘ consolidated water stock.” 
But when the payment of interest on the latter shall 
commence, the two stocks shall merge into one, 
and become “ordinary consolidated stock,” The 
arrangement appears to us to be a kind of sop to 
the operators on the Stock Exchanges of London 
and provincial towns, and possibly, as such, may 
to some extent facilitate the financial arrangement 
that Mr. Cross has in view in the general settle- 
ment of the question. 

For the present we shall dismiss the consideration 
of all the clauses up to 21, as they are mostly 
matter of legal or financial detail. But Clause 21 
is important. It provides that, at the expiration of 
twelve years from the passing of the Act, the Water 
Trust shall arrange for the purchase and extinction 
of the consolidated water stock by means of a sink- 
ing fund. The Trust is to lay aside in each subse- 
quent year, such sums as being invested in authorised 
securities, accumulated by compound interest, 
would, in eighty years from the date of creation of 
such fund, extinguish the whole of the stock 
Happy will be the inhabitants of the metropolis 
who may exist at the end of this period, viz., the 
year of grace, say, about 2000. How many finan- 
cialists, legislators, ratepayers, shareholders, &c., 
will have away ere that date, and perhaps the 
Act itself will, before that time—even if in some 
form it ever becomes law— be so far amended, 
altered, &c., that its very existence will be blotted 
out of the memory of man. 

For the present we shall omit any discussion on 
Clauses 24 and 25, which deal with the rights of 
existing officers of the company, although we retain 
a lively remembrance of the manner in which the 
officers of the telegraph companies were treated 
when the Government purchased that interest ten 
years ago. 

The constitution of the Water Trust is dealt with 
in Clauses 26, e¢ seg. The chairman is to hold office 
at Her Majesty's pleasure, and to receive a salary 
of 2000/. annually, There are in all to be three 
salaried members, Beside these there are to be two 
ex officio members, viz., the Lord Mayor and the 
Chairman of the Metropolitan Board of Works, 
each pro tempore; four nominated members, viz., 
one nominated by the President of the Local Go. 
vernment Board, one by the First Commissioner of 
Works, one by the Commissioner of Sewers, and 
one nominated by the Metropolitan Board of 
twelve elected 
members, namely, two suburban, one on the repre- 
sentation of the sanitary authorities within the 
metropolitan area north of the Thames, and one as 
representative of the same authorities south of the 
Thames. The remaining ten are to be elected 
respectively—one each for the City, Chelsea, Fins- 
bury, Greenwich, Hackney, Lambeth, Marylebone, 
Southwark, the Tower Hamlets, and Westminster. 
The first election is to take Yao in July, 1880, in 
respect to these ten proposed members. Provision 
is made for subsequent elections, which are to take 
place in every fifth year, 

The remainder of the proposed Act may be briefly 
dismissed, in regard to its provisions, which must 
necessarily become the subject of minute criticism 
before the Select Committee to which it will have 
to be referred, according to the introductory speech 
of Mr. Cross on the first reading of the Bill 
(March 2), 

Before entering into any expression of opinion on 
the value of the proposed measure we cannot help 
calling attention to some curious coincidences that 
have occurred in regard to the domestic policy of 
Government, At page 13] ante we expressed 
our surprise “that in the earliest stages of the 
present Parliament the interests of the working 
classes seem to hold great consideration.” ‘These 
remarks were made in reference to the Lord Chan- 
cellor’s Bill dealing with the question of compensa- 
tion by ——. to inj rsons in their em- 
ploy through the negligence of others also in the 
same employ. We now have in the ‘‘ Metropolis 
Water Works Purchase Bill” what we can scarcely 
call better than a sop to capitalists. Following on 
these we had the announcement last Monday that 
a dissolution of Parliament is to take place at 
Easter. ENGINEERING has necessarily no political 
bias, but it is impossible that we should pass over 
certain ideas which cannot fail to suggest themselves 
to our most impartial readers, It must rages A 
occur to any one that the two measures to whic 
we have referred have at least not the slightest 
chance of passing, and we can scarcely regard them 
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in a better light than that of a polisient ignis fatuus 
in sight of an election, But Mr, Cross stated last 
Monday in reply to Sir C. Dilke, that the Water 
Bill would be referred to a Select Committee, to 
whose decision the present Government (that is, if 
in power) would most probably adhere. It is there. 
fore desirable that we should inquire how far the 
Government scheme is advantageous, practicable, 
and we may add possible, 

It is proposed, first, to pay in all asum of about 
31,000,000/. to eight companies who have had the 
monopoly of supplying water to the metropolis. 
Taking the present population of the metropolis at 
4,000, in round numbers, this represents a capital 
sum per head of about 7/. 10s. for each man, woman, 
youth, and infant. The total sum of 31,000,000/. 
represents respectively about the twenty-fifth part 
of our entire National Debt, and nearly the same 
proportion of our investments in railways and tele- 
graphs, Such a bold, we will not call it, for the 
sake of propriety, an unscrupulous scheme has never 
yet been presented to the public since the days of 
the South Sea Bubble of the last century. If our 
readers will refer to our last volume, pp. 400 and 
418, they will find a careful avalysis ~ the last 
offigial accounts of the whole of the London water 
companies, as required by Act of Parliament. From 
this it will appear that the proposed measure of 
Mr. Cross gives the companies an enormous bonus 
on a number of undertakings that were commenced 
for the public good, but which, by the laxity of 
public and private authority, have degenerated into 
a monopoly in which the ratepayer receives bad 
quality, and small with uncertain quantity, while 
he has no power to redress his grievances, 

A reference to page 26 in the Bill before us (97) 
Schedule 1, gives a startling series of figures. On 
an average the column called “ ordinary stock” gives 
generally about double value of that of the actually 
paid-up stock at the last date of the official accounts 
already referred to, But practically Mr. Cross 
seems to have calculated his value of water shares at 
the price that the comparatively newly issued 
shares of the New River Company fetched at auction 
some week or two ago, namely, 380/. for each 1007. 
share, This seems entirely at variance with his 
promise that any Bill introduced by the Govern- 
ment should have as its basis of valuation the 
statu quo of June 30, 1879. 

There can be no possible objection to the creation 
of stock in payment of the companies, in fact we 
urged last year that course on the Government, 
erg | the case of the Indian railways as a pre- 
cedent, But the question of course arises as to what 
benefit the metropolis is to get in the shape of 
money by the change involved in the constitution of 
this new Water Trust, A purer supply cannot be 
got for years to come, a constant supply for domestic 
and fire extinguishing purposes has been in progress 
for years, and as we have already stated is compulsory 
on the companies by their existing Acts of Parlia- 
ment, All we really want is an undivided control 
of the existing companies—practically speaking, in 
fact, their consolidation. But we are asked to get 
this result in a round-about way; to create a public 
stock, whose value will always be equal to that of 
Consols, negotiable in every Stock Exchange in 
Europe ; held, perhaps, eventually in the hands of 
as many hun rsons as there will be millions 
who will have to r the burden of its interest, 
and other charges for a prospective advantage, un- 
certain in its character, and certainly wanting in 
future prospect that element of success—private 
enterprise, 

It has been strongly urged that the Government 
Bill should be accepted, because it is impossible to 
force the as companies to take lower terms 
than those offered by the measure. This we cannot 
believe to be the case if the weight of public opinion 
makes itself properly felt. But we have some remem- 
brance of the great agitation some thirty-five years 
ago when free trade overcame a monepoly to which 
the present London supply of water is simply a pigmy. 
We have no hesitation in condemning the present 
scheme financially, socially, and in a professional 
point of view. The companies and the Government 
appear to have reckoned on the usual listlessness of 
the metropolitan ratepayers, but we hope in this case 
that they have made a mistake, Only a short time 
ago the gas companies were brought to a sense of 
their duty, and if the common sense and interests 
of the inhabitants of the metropolis be once fairl 
roused, neither political coteries nor joint stock 
companies can long withstand the force of public 
opinion if strongly but judiciously expressed, 


BREECHLOADING. ORDNANCE. 

Tue statements respecting heavy ordnance which 
were made by Colonel Stanley in the House of 
Commons last week, while defending the Wool- 
wich system of ordnance, tend towards prepar- 
ing the way to that great and radical change in 
the construction of large guns which we have 
always maintained to be a necessary one—from 
muzzle to breechloading. ‘The superior results 
which have been obtained on the Continent with 
Krupp guns, and the uncomfortable knowledge 
that has been forced upon us—by the Thunderer ex- 
plosion and the destruction of the sister weapon — 
that our heavy ordnance is not reliable, should prove 
sufficient cause to insure energetic measures being 
taken towards arriving at the best solution of the 
new and important problem that has to, be solved by 
the Board of Ordnance. For many years heavy 
muzzle-loading guns have been abandoned by every 
European nation excepting our own, in which 
official conservatism has proved too strong for pro. 
gress. And now that the barrier has perforce been 
partially broken down, we fear that unless per- 
sistent pressure be brought to bear upon authority, 
there will be much danger of the best and most 
proved systems being passed by in favour of some 
plan, the value of which has not been tested by the 
experience of war upon alarge scale. It is almost un- 
necessary to point out that the breechloading system 
adopted by Krupp is above all others the one 
that has stood the test of trial. During the 
Franco-German war it was his guns that withstood 
all the rough usage of transport, and were tested 
continuously around Paris, Metz, Belfort, and else- 
where. And we have sutliciently accurate data as 
to the behaviour of these siege trains to know that 
very few of them failed, especially those provided 
with the new Broadwell breech action. As for the 
heavy naval ordnance of the same type our know- 
ledge is not so complete, but the exhaustive trials 
made with it by Germany, Russia, and other 
powers prove the reliability of the system. The 
arrangement of a block with a partially cut-away 
screw thread for closing the breech, known as the 
French system, has not been by any means so 
widely nor so well tested; nor if the account of 
the recent failure of a 30-centimetre gun at the 
works at Saint Etienne be correct, is it a system 
which recommends itself unreservedly for adoption. 

lt is true that Krupp some time since, when the 
question of breechloading was last seriously dis- 
cussed here, made to the Government an offer of a 
most extravagant and prohibitory nature ; but that 
affords no reason why the system should be re- 
jected, since the arrangement which so widely bears 

is name is that of Mr. L. W. Broadwell, of Paris and 
Carlsruhe. 

Now that it has been at least officially admitted 
that our type of heavy guns is a defective one, 
and that active steps will be taken to remodel a 
system which should never have been adopted, we 
believe that sufficient pressure will be brought to 
bear to divert authority into the right channel. The 
remarkable experiments by Sir William Palliser, 
which we recorded on 185 of our last issue, tend 
to show that a class of ordnance, more reliable than 
that of Woolwich, may be produced at far less ex- 
pense, and would appear to point the way to an 
extensive reform in construction, while it is to be 
hoped that no breechloading system will be defi- 
nitely adopted before all well-known and well- 
proved methods have been exhaustively tested. 

The destruction of an Armstrong 100-ton gun on 
board the Duilio at Spezzia this week, is a curious 
commentary upon the experiments on the 38-ton 
gun. These experiments were carried out with the 
express purpose of reviving confidence in the Wool- 
wich system of construction, by showing that nothing 
short of double loading could destroy these guns. 
Though the results really proved nothing of the 
sort, still they served their purpose of allaying the 
suspicions of the public. § y however had 
this object been accomplished than a gun built on 
practically the same principles burst into two pieces, 
though fired with a charge of the mildest powder 
known, so mild in fact that the pressures are only 
13 tons to the square inch against 21 tons of our 
own P* powder. In this case there could have been 
no double loading. The steel tube simply cracked 
all round the bore at the front of the chamber where 
its thickness had been reduced, and the gun having 
no longitudinal continuity other than the ateel 
tube, asunder when this latter was broken. 
Possibly several rounds may have been fired with 





the gun in this damaged state. Had it been loaded 


with our own pebble powder, a violent explosion, 
corresponding to that on board the Thunderer, 
must inevitably have taken place, and every human 
being in the turret must have been killed. It isnot 
toomuch to say that with the uncertainty of behaviour 
of steel barrels, as at present manufactured, the 
life of no man serving these guns in a confined 
space is safe. With the Palliser system of con- 
struction such accidents would at any rate be im- 
improbable, and the time has certainly come when a 
large gun built on this plan should be subjected 
to exhaustive tests. 








THE ELEVATED RAILROADS OF 
NEW YORK. 

WE have on two previous occasions published 
illustrations of the New York elevated railroads. 
The first of these illustrations showed the struc- 
ture at the intersection of Eighth Avenue and 
110th-street (see page 10 ante) ; the second, another 
type of construction in Eighth Avenue looking 
north (see page 54 anée); and the third, a portion 
of the work in Ninth Avenue looking south (sce 

ge 58 ante). We this week further illustrate this 
extensive work, by a two-page plate and the en- 
gravings on pages 208 and 213. 

The elevated railways of New York were built 
by two companies, the ‘* New York Elevated” and 
the ‘‘ Metropolitan,” which are now practically amal- 
gamated into one by being both leased to a third 
company called the ‘‘ Manhattan,” which manages 
all the lines, taking all receipts and making all pay- 
ments. 

The following Table shows the location of the 
different lines, their mileage, the weight of iron em- 
ployed in the work, and the total cost: 
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New York Elevated Lines. 
A. South Ferry to Harlem river, along 
Bowery and Third Avenue (East 
side) res eee ooo see ua, ® 22,500 
B. South Ferry across Battery Park, and 
thence up Greenwich-steeet and 
Ninth Avenue to 83rd street (West 
side) see oes eee soe] 6,9, [15,625 
Total L 15, |38,125 |15,000,000 
Metropolitan Elevated Lines. 
C. Chatham-square along First and 
Second Avenues to Harlem River 
(East side) bad one 7 «| 75%; |28,000 
D. Morris-street along West Broadway, "e : 
South Fifth Avenue and Sixth 
Avenue to 59th-street with branch 
owe 53rd-street to Ninth Avenue 
est side) ooo ass ded «| 53; 115,900 
E. 83rd-street to 110th-street along Ninth iad ta 
Avenue, 110th-street to Eighth 
Avenue, thence along Eighth Avenue 
to Harlem river (West side) ,,, --| 4 416,000 
Total, Metropolitan Lines | 16,8, (59,900 [15,000,000 
Grand Total 32,4, |98,025 |30,000,000 











All these structures are now complete and in 
operation, except Section C, which has three miles 
which are to be finished in June of the present year. 

The length marked B in the foregoing Table 
was the first built and operated. Three miles 
were opened in 1868 as far as 30th-street, and 
worked at first by wire ropes. Locomotives were 
substituted in 1871, and the line was extended to 
69th-street. Trains were run infrequently and the 
travel was small, partly owing to the unfavourable 
location of the line, and partly to the fear which the 
public had of trusting themselves to a weak structure 
designed to carry light cars without engines. ‘This 
line has now been entirely rebuilt and strengthened. 

In 1876 a new company called the “* Metropolitan” 
commenced to build Section D (see Table). In 
a 1876, _— ? few hundred feet of ironwork 

een erected, all progress was stopped by legal 
proceedings, and it was not until November. 1877, 
that decisions of the highest court of appeals in 
favour of the company allowed them to go on. The 
work was then pushed with great vigour; the contracts 
for the ironwork were divided into three sections 
and let to Messrs. Clarke, Reeves, and Co., of the 
Pheoenixsville Works, Pennsylvania, to the Keystone, 
and to the Edgemoor Companies. These five miles 
were opened for traffic:in June, 1878. Its success 
was immediate, and beyond the expectations of those 





interested. The traffic arrangements were excellent, 
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and from the commencement trains were run every 
three minutes each way from 5 A.M. until midnight. 

The carriages were made in the very best style 
known, and were kept scrupulously clean. The 
trains were all fitted with continuous brakes, and 
safety was insured by the use of Saxby and Farmer’s 
interlocking signals and switches. This line has 
four curves of 90 ft. radius, around which its 
immense traffic of 839 trains per day has been con- 
ducted without the least accident, and with no ex- 
cessive wear of rails or tyres. The gauge of this 
line is 4 ft. 8} in. 

In November, 1877, the Metropolitan Company 
contracted with Messrs. Clarke, Reeves, and Co. to 
build the extension of their line from 83rd-street to 
Harlem river, a distance of four miles (see Table, 
Section E), and also another line on the east side 
from Chatham-square to Harlem river, along Second 
Avenue, a distance of seven miles (see Table, 
Section C). Both of these contracts were to be 
finished by September 1, 1879. 

There is a ridge running across the west side of 
Manhattan Island from the Hudson river to the 
eastern boundary of Central Park, from 80 ft. to 
100 ft. higher than the rest of the island, and falling 
very precipitously on the north side at 110th-street. 
This ridge had to be crossed by the Elevated Rail- 
road, and if the usual style of construction, 20 ft. to 
25 ft. high, had been used, the gradients would have 
reached 175 ft. per mile. To avoid this a lofty 
viaduct reaching from 110th-street to 125th-street 
was designed by Messrs, Clarke, Reeves, and Co., 
and approved by Messrs, Shunk and Baird, the en- 
gineers of the company. This is one of the large 
railway viaducts of the world, being 4000 ft. long, 
averaging over 45 ft. in height, and being 60 ft. 
above the pavement at its highest point. This part 
of the work is illustrated by Figs. 6 and 7 of our 
two-page plate. 

The line on Second Avenue is generally about 
20ft. high, but reaches in one place the height of 
50 ft. This structure is designed to carry eventually 
four tracks, but at present only two are put on. 
When four tracks are needed the outside girders will 
be slid farther apart. 

The construction of the foundations of Section E 
from 83rd-street to Harlem river, a distance of four 
miles, involved great and unforeseen difficulties. It 
was decided that the foundations should in all cases 
go below the level of the gas and water pipes and 
sewers, and where the streets consisted of made 
ground the foundations should go to the original 
surface, and even below if necessary. 

The high structure on Eighth Avenue involved 
the construction of one of the deepest foundations. 
The rock of which the upper part of Manhattan 
Island is composed is so irregular and full of faults 
that while one foundation had to be blasted 10 ft. or 
12 ft. into the solid rock to get below the sewers or 
water pipes, another, only a few feet away, had to be 
anes down 30 ft. through quicksand to get a secure 

Ase. 

Some idea of the extent of this now concealed 
part of the work can be gathered from the following 
list of materials used in 4 miles from 83rd-street to 
Harlem river. In the distance there were employed 
11} million bricks; 32,000 barrels of cement; 1815 
piles ; 947,000 ft. B.M. lumber; 9000 cubic yards 
of concrete; 63,000 yards earth excavation ; 25,800 
yards loose rock excavation ; and 6400 yards solid 
rock excavation. 

The illustrations which we publish on our two- 
page engraving will convey a good idea of the con- 
struction of the railway. Figs. 1 to 5 show the 
type largely adopted on the Second Avenue line, 
Figs. ] and 2 being longitudinal and transverse sec- 
tions respectively, while Figs. 3 to 5 show the founda- 
tions. The distance from centre to centre of 
columns longitudinally is 43 ft. 6 in., and the height 
from the base of the columns to the top of the trans- 
verse girders, which of course is variable, is on the 
section illustrated, 39ft. llin. Transversly the 
columns are placed 25 ft. apart from centre to centre. 
The baseplates, Figs. 3 and 4, are of cast iron, 4 ft. 
square and 30 in. high ; the socket, which is circular, 
is formed with six recesses to receive the flanges of 
the Phosnix columns, and the bottom of the socket 
is made spherical. There are four foundation bolts, 
24in. in diameter, placed 36 in. apart, which pass 
through the brick piers (Fig. 5) tothe underside of a 
flagstone on which the brickwork is built. The whole 
structure rests on a foundation of concrete, the di- 
mensions of which vary with the nature of the 
ground, The bottom of each column is finished 
with a cast-iron block spherical on the underside 








to fit the socket of the bedplate, and flanged in six 
places around its circumference to correspond with 
the flanges of the columns, The tops of the latter 
are finished with suitable cast-iron caps, and brackets 
are introduced extending from the columns to the 
underside of the transverse girders. Every alternate 
span is strengthened longitudinally by a pair of 
horizontal girders placed 14 ft. 2in. below the tops 
of the columns. ‘These girders are of a light lattice 
type, and are bolted to the inner sides of the column. 

nsversely also small plate girders are placed 
between the columns at the same level as the longi- 
tudinal ones, and in both directions, the panel thus 
formed is filled with a light diagonal bracing. The 
superstructure consists transversely of girders over 
the columns. These girders are about 40 ft. long, 
and are of the form shown in Fig. 2. They 
are 4] in. deep with top and bottom flanges of 
double angle-irons placed back to back, and are 
divided into nine panels of varying lengths, filled in 
with diagonals of angle-irons and plates, as shown. 
There are eight longitudinal girders, one beneath 
each rail, and so placed that the top of their 
upper flanges is 7 in. higher than those of 
the cross girders, They are 48in. deep with 
top and bottom flanges also of double irons, the 
diagonals between them being arranged as shown 
in Fig. 1. It will be noticed that the bottom 
flanges are not attached to the transverse girders, 
the upper flanges alone being attached, this arrange- 
ment being adopted for convenience in removal, &c. 
The connexion is made by means of pairs of angle- 
irons on each cross girder, to which the upper flanges 
of the longitudinals are rivetted. ‘This structure 
allows width sufficient for four tracks, spaced 11 ft. 
apart from centre to centre. The rails are carried on 
transverse sleepers fastened each to a pair of longi- 
tudinal girders, and continuous gu timbers are 
placed on each side of every rail. 

Figs. 6and and 7 show a form of construction 
adopted at Eighth Avenue, where the height is 
greater, varying from 45 ft. to 60 ft., and the 
foundations were more difficult. The arrangement 
here, though presenting similar characteristics, varies 
very considerably in detail. The columns, bedplates, 
&c., are of the same description, The spans are 
increased longitudinally from 45 ft. to 52 ft. between 
centres of columns, and transversely columns are 
52 ft.6in. apart. Instead of the pair of cross lattice 
girders, a truss of the form shown in Fig. 6 is in- 
troduced. It consistsof two rolled channel irons 15 in. 
deep, and weighing 150 lb. per yard, trussed as shown 
by three posts of Phoenix columns, and a system 
of bracing. The main columns are stiffened at a 
point about 20 ft, below rail level by horizontal 
struts between the columns and the truss brackets 
beingintroduced as shown. The structure is strength- 
ened in alternate spans by lattice girders in pairs, one 
pair placed near the tops of the columns, and the 
other 19. ft. lower down. ‘These girders are swelled 
in the middle as shown in Fig. 7, and the panel is 
filled in with a diagonal bracing. The longitudinal 
girders are of the same type as those already de- 
scribed, but are of course proportioned to suit the 
greaterspan. Onlysix of them are employed, there 
being only three tracks laid here. These girders 
are connected in pairs by diagonal bracing, and 
the whole series at intervals by ny ares (Fig. 6). 
The rails are laid on transverse sleepers extending 
across the six longitudinal girders, and they are pro- 
tected by longitudinal timbers, The foundations on a 
part of this work were —_ heavy on account of theline 
passing over a great deal of made ground through 
which the brick piers and holding-down bolts had to 
be carried. Fig. 8 shows the construction of the low- 
level structure on Second Avenue. Here the average 
height above the ground is 16ft., and some dif- 
ferences inarrangement are introduced. The columns 
are not braced together, and in place of the pair of 
lattice transverse girders two plate girders 30 in, deep 
are introduced. The longitudinals are of the same 
form and number as are shown in Fig. ], and are 
connected at top and bottom by horizontal diagonal 
bracing of angle-irons 4 in. by 3in., and by vertical 
diagonal bracing of flat bars, Although the line is 
designed for four lines of rails only the two outer 
tracks are laid. Figs. 9 to 12 show the manner in 
which a special difficulty encountered in the work 
has been dealt with. ‘Thisis the foundation for one 
of the columns in the middle of 13th-street and First 
Avenue, At this point a large barrel sewer and 
ventilating shaft, as well as 36 in., 14in., and Gin, 
water mains and a gas main, crossed each other 
on the site of the pier. A foundation of con- 
crete 18 ft, by 12 ft. was first made, and on this 





were built two piers 7 ft, 6 in. and 6 ft. wide 
respectively at the base, and 4ft, 9 in. and 3 ft. at 
the top. The inner faces of these piers are vertical, 
and 4ft. apart, the sewer passing between them. 
The piers are 5 ft. Gin. b at the top and 11 ft. 
at the base, and they are 8ft. 6in. high, the top 
coming within a few inches of the street level. 
Across the piers are laid seven rolled joists as shown, 
fastened to the brickwork by cross bars on top and 
holding-down bolts, The bedplate of the column 
rests on the bars to which it is secured by bolts and 
anchor plates. The water main and the gas 
mains are not interfered with, and the smaller pipes 
pass through passages left in the brickwork. 

An inspection of these drawings will show that 
the whole work has been designed with great judg- 
ment to combine simplicity in construction and ease 
in erection, the same character being maintained 
throughout, and the types being only altered so far 
as was absolutely required by the nature of the 
ground and the requirements of the railway. 

The contracts for Sections C and E (see Table), 
were given to the firm of Messrs. Clarke, Reeves, 
and Co., of the Phoenixville Pa, Bridge Works, well 
known to our readers as the designers and con- 
tructors of the noble bridge at Girard Avenue, 
Philadelphia, and of other works. These contracts 
required the construction, delivery, and erection of 
44,000 tons of ironwork, containing 971 miles of 
angle iron, 314 miles of bar iron, 2 acres of rolled 
plates, and 20 miles of Phoenix columns. There 
were required also 5} millions of rivets, and 22 
millions of punched holes. * 

As these contracts were to be finished in nine 
months, or by September 1, 1879, as some delay 
was unavoidably caused in preparation, and as 
the time required for transport and erection had to 
be deducted, there were available only 190 working 
days for the rolling mills, and 200 working days 
for the shops, which was equivalent to turning out 
1320 tons of finished ironwork every week, and for 
each day the rolling of 5.11 miles of angles, and 
1.65 miles of bars, while the shops had to put to- 
gether 520ft. of Phoenix columns, drive 27,500 rivets, 
and punch 110,000 holes every 24 hours. Electric 
lights were used, and the work proceeded by night 
and day without cessation. 

The west side work (Section E) was finished 
within the time specified, and the east side work 
(Section C) would have been finished also, had not 
the company for reasons of their own, given an ex- 
tension of time on the last three miles, which will 
be finished some time during this spring. 


THE TAY BRIDGE. 

In dealing last week (vide page 191 ante) with the 
proceedings of the Court of Inquiry during its 
recent sittings at Dundee, to receive local evidence 
respecting the causes of failure of the Tay Bridge, 
we were compelled through the demands upon our 
space to confine ourselves to a a condensed 
report of the evidence given during the meetings of 
the 26th, 27th, and 28th ult. only We now propose 
to continue our summary and to deal with the re- 
mainder of the sittings. 

On the court meeting on Monday the 1st inst., 
the first witness examined was William Newcombe, 
who had been the foreman in charge of the erection 
of the high girders between February, 1876, and 
September, 1877, and who had been engaged on the 
work when the two girders fell in February of the 
latter year. Mr. Newcombe stated that he had been 
careful in the supervision of the work, and had passed 
no bad workmanship or bad rivetting. He had gone 
over the rivetting of the diagonal bars at the junc- 
tionsof the girders (mentioned by previous witnesses) 
and did not expect that any of the rivets would have 
come away, any more than rivets in the girders 
themselves. He had frequently been on the bridge 
when ballast trains were passing over, and had felt 
a very slight motion up and down but no lateral 
motion. He had also been on the bridge in Sep- 
tember, 1877, when passenger trains (but not the 
regular passenger wire were going across, and had 
experienced only a slight up and down movement 
in this case also, this movement not occuring until 
the train reached the pier next the place where he 
was standing. He had been engaged for the last 
eight years erecting bridges, and the motion on the 
Tay bridge was not different to that on others of 
which no complaint had been made. He had oc- 
casion while engaged on the work to climb the piers 
of the high girders from three to five times every 
day, and had looked at the construction of the piers 
for his own satisfaction, although it was no part of 
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his duty to examine them. He had seen no lugs im- 
rfectly attached to the columns, but stated that 

e had not examined every column, and admitted 
that if there had been any small cracks puttied up 
and painted over he probably would not have seen 
them. 

The next witness was William Dickson, who had 
been engaged on the Tay Bridge from June, 1876, 
to December, 1877, at first as an ordinary rivetter, 
and subsequently as foreman, when he had charge, 
under Mr. Newcombe, of connecting the joints of 
the large girders, finishing up the piers south of 
No, 1 of the large girders, &c, He overhauled all 
piers south of the large girders, and also some of the 
= supporting the latter, and had examined the 

olting and the connexions of the braces. He saw 
no defective lugs, except in two or three cases where 
broken lugs were cut off and replaced by wrought- 
iron ones. He saw no scabs, no cracks in columns, 
and no columns with hoops round them, but could 
not be positive that no column was hooped. He 
also stated during cross-examination that all the 
columns had been painted from top to bottom before 
he inspected them, so that if there had been any 
holes, cracks, or scabs, he would not have seen them, 
if they had been filled up. He knew nothing about 
moulding, and did not know if any of the columns 
showed signs of the upper flask having shifted while 
the columns were being cast. 

Mr. George McBeth was next examined, He had 
been inspector of the ironwork for the Tay Bridge 
from July 7, 1877, to May, 1878, and previous to 
that had been for eighteen years a journeyman 
boiler-maker. He examined the whole of the bridge, 
and particularly the high girders, because he ‘ could 
get much easier at them.” He tested the rivetting 
by tapping with a hammer, and probably tapped 
1500 to 1600 rivets in each girder. In each girder 
there would be from 18,000 to 20,000 rivets, and he 
especially examined these at the joinings of the 
girder. He found a certain proportion of loose 
rivets, but not more than was generally found on 
such work—perhaps 20 or less in a span. These 
loose rivets he marked and they were re- 
placed. He had examined the rivetting of the 
diagonal bars at the ends of the girders neither 
more nor less carefully than the other rivetting, and 
to his knowledge none of the rivets of these bars 
gave way, or if they did give way he could not) 
account for it, The rivets in the diagonal bars 
were as good as those in the rest of the girders, 
‘There were a number of rivet heads loose on the 
bridge, and he believed them to be all heads cut off 
rivets which had been replaced. He had examined 
allthe columns and bracing of the piers and had 
found no defective lugs, but in three cases lugs had 
been broken off and replaced by malleable iron 
ones, A good job was made of fixing these. He 
did not know a burned-on lug when he saw it. All 
the columns had been painted and erected in — 
before he examined them, and a crack might have 
been in either a column or lug, but covered with 
paint. If he had seen a crack between a lug and 
the flange, he would have knocked the lug off; he 
would not have considered it good work. He did 
not see any columns hooped. He had been on the 
bridge when ballast trains passed over and had not 
felt any jar or vibration beyond that usual on iron 
bridges; the ballast trains did not run so fast as 
passenger trains. 

The next witness was George Fender, who had 
had charge of all the turning done at the Tay 
Bridge works, and had turned all columns cast at 
Wormit, including all put under the high girders. 
During the time there was no night shift, there was 
one other man turning besides himself, and three 
others when there was a night shift, The columns 
came to the turners direct from the dressers un- 

ainted, and every column had more or 
ess through his hands. If he found any defects 
he reported them to his superiors, Mr. Camphius, 
Mr. Beattie, and Mr. Grothe, and in) consequence a 
number of columns were broken up, probably 100 
during the two years and eight months that the 
turning was going on. He had seen holes, but as a 
rule he did not report anything less than } in. deep 
by the same in diameter. He had rejected columns 
on account of small holes grouped together. He 
had seen cement or putty in the holes, and had 
picked it out. Some cement was the same colour 
as the iron, and some was not; he had seen blue 
~ put in the holes. He had seen scabs which 

been trimmed off, but did not consider that 


but he had noticed no cracks in lugs or columns. 
He had been told by the moulders that the burned- 
on lugs were as strong as those cast on. He only 
gave the columnsa cursory examination ; he was not 
looking specially for holes or filled-up holes. After 
the columns had been turned, they went to the 
dressers, and he had seen the latter filling up the 
holes for painting ; this was done as a matter of 
——— The columns had the flanges drilled ; 
the bolts were ]4in., but the holes were somewhat 
larger. The flanges were drilled separately, and not 
two flanges together. He had noticed unequal 
thicknesses in columns, the least thickness being 
§in., and the greatest ]}in. In the flanges of the 
18-in. columns the holes were cast. 

Robert Miller, a moulder, was next examined. 
He had been employed at Wormit for nine months, 
from December, 1875, to August or September, 
1876, and had been engaged in casting 18 in. 
columns for the high girders. The casting was 
done carefully. They sometimes had scabs, and 
scabbing was pretty frequent at one time, but it 
was got rid of by mixing stronger sand. ‘The scabs 
were gin. to }in. thick, and the dressers chipped 
them off ; he did not consider that they affected the 
strength of the columns. He had seen some lugs 
burned on the 15in. columns but he had never 
burned any on himself, and had no experience as to 
whether lugs so put on could be made as strong as 
if originally cast on. He saw some columns broken 
up because they had burst through the side, but 
many were broken up which the moulders did not 
see. The bigger a scab was at the bottom of a 
column the weaker the column would be at the top 
because there would be more sand there. From the 
dross and sulphury smell emitted he did not consider 
the iron good, but it run well and he never saw a 
** cold shut.” 

The next witness was the foreman moulder, Fergus 
Ferguson, who had worked at the Wormit foundry 
from April 25, 1875, to June 2, 1877. With the ex- 
ception of the 12in. ‘‘rakers,” which came from 
Middlesbrough, he believed that all the columns 
used in the bridge were cast at Wormit. None of 
the 12 in. columns were used under the high girders. 
He had sent out no defective castings to the bridge. 
The bulk of the metal used was Middlesbrough 
iron mixed with scrap, the proportion being one- 
third scrap and two-thirds pig. ‘The scrap con- 
sisted of castings that were to have been used on 
the bridge if built on the original plan. He had 
been told that the scrap came from Falkirk, The 
iron was not bad for building work, but he would 
not have liked to use itin machinery. It was very 
hard and a little sluggish, while if the men did not 
puddle it as he wished they raised a good deal of 
scum. Some columns came out of the moulds with 
defective lugs. If a lug was broken off above a 
hole with a clear break he would repair it -: burn- 
ing on, but not if the lug was broken below the 
hole. He could not make a satisfactory job of burn- 
ing on a lug where there had been none before, but 
he considered that a piece properly burnt on to a 
half lug would be just as strong as if originally cast 
on the column. He believed none of the columns 
with burnt-on lugs were put under the high girders, 
He had seen columns cracked by burning on the 
lugs, and when he saw such cracks the column went 
to the hammer. The cracks he had seen were on 
the lugs, and he had not seen any crack 14 in. or 
15 in, long or through the body of the column. The 
proper thickness for the columns was 1] in., but he 
made it a practice to cast them thicker, namely, 
from 1} in, to lgin.; he did this on his own re- 
ae The thickest columns were mainly 
the lifting columns, When he first started 
there were a good many blow-holes. Chaplets 
were then being used, but he did not approve 
of them, as the iron was sure to blow when it 
struck the cold chaplet; he, therefore, did away 
with them, and employed thicker core bars. A 
blow-hole under } in. in depth and l}in. long he 
did not consider would materially weaken the 
column. The smaller blow-holes were filled up with 
‘* beaumontague,” but columns with larger blow- 
holes were condemned ; about twenty or thirty were 
broken up for that. Thames sand was used for the 
floors of the moulds, and sand from the Earn for the 
cores ; no sea sand was used. Salt water was used 
for damping the moulds, but he did not consider it 
material whether the water was salt ‘or fresh, except 
that the salt water causes such a smell and destroys 
the men’s clothes. He had broken up about thirty 





they affected the strength of the columns. Many 
columns came into bis hands with lugs burned on ; 





or forty columns for scabbing. A scab 7 in, or 8 in. 
long by 4in. or 5 in. wide and about } in, deep would 


be serious, but in columns of the size used in the 
Tay Bridge he would not consider a scab 6in. or 
7 in. long by 3 in. to 4in. broad and in. thick 
serious. Some columns were broken up for defects 
in the top part or * drops,” and others for too thin 
flanges. Over two hundred columns were broken 
up altogether. He never saw a cold-shut mark on 
a column, but it might have been there without his 
seeing it. He often tried the columns for thickness. 
He did not know that the dressers had cement for 
filling up holes, but he knew they had ‘ beau- 
montague.” The men had no object in filling up 
defects, as they were paid daywork, He did not 
know of any columns being hooped; the columns 
were never tested by hydraulic pressure, 

The next witness was Hercules Strachan, who 
stated that he had been a moulder for 32 years, 
and was foreman at the Wormit foundry for 
ten or twelve months, when the first castings were 
made, The columns he had cast were used on the 
south piers. The iron used was Cleveland iron, and 
they had besides about 120 tons of scrap in the 
foundry. Very little bad work was turned out ; 
he only remembered two columns being broken up 
in his time. He was troubled with small scabs, but 
they were only about the size of half-crowns and 
five-shilling pieces, and he did not consider that 
they affected the strength of the columns. Chaplets 
were used in his time and there were some blow- 
holes at the chaplets and honeycombing at the 
gates, but no holes that would affect the strength 
ofthe columns. He had burned on two lugs and 
good joinings were effected. Mr. Grothe had seen 
him burning on a lug, and remarked ‘I don’t like 
that, Strachan ;’ but McGowan took a bar and 
burned a piece on, and when the bar was broken it © 
did not break where it had been burned. ‘This 
seemed to satisfy Mr. Grothe. The biggest blow- 
hole he passed would not be more than in. long 
by jin. deep. It was possible to tell by the ring 
of a column whether it was thicker one side than 
the other. Mr. Gilkes, when he came to Dundee 
once a fortnight or once a month, went over the 
whole of the columns and sounded them, 

The next witness examined was William Stewart, 
who had been for twelve months at the Wormit 
foundry as turner, and had charge of the night 
shift when nightwork was going on. He had, he 
stated, faced up the flanges of the columns ; a column 
took about an hour and a half to turn and there 
was a man employed at each end. As the column 
turned round every part came under their notice, 
and they had a good opportunity to see any defect ; 
it was not, however, their special duty to examine 
them. He had noticed scabs but none very large, 
nor had he noticed any cracks or any blow-holes of 
a size to weaken the column. The ends of the 
columns were turned to fit each other, there being 
a male and female junction. He saw no holes filled 
with cement. 

Edward McGovern was the next witness, and 
stated that he was a labourer and had been employed 
on the Tay Bridge first as a labourer, then as a 
leading man for twelve mouths, and lastly, as fore- 
man for six months. There were two squads 
of labourers employed in bolting up the columns 
of the high girders, and he had full charge of 
one, They put up. the bracing bars and fastened 
them to the lugs. In stretching the tie bar tight 
by the gibs and cotters the lugs would be strained, 
and he considered that they would have given 
way if defective. He had occasion to report a 
defect in a temporary column to Mr. Delprat, and 
it was condemned and taken away. He went over 
the work a second time and any bolts that had be- 
come loose were tightened up and caulked. The 
columns were painted before they came into his 
hands, so that only a large crack could be seen. 
Ballast trains had run over the bridge before he left 
the work. He had never been engaged on bridge 
building before, nor had he had charge of a similar 
job. He had nothing to do with filling the columns 
with concrete ; the concrete was poured in from the 
top. 

‘The examination of Mr. G. W. Camphius was 
then commenced. Mr. Camphius stated that he had 
been employed as assistant engineer on the Tay 
Bridge works from the beginning of August, 1873, 
until the bridge was passed. He had superintended 
the sinking of the piers, the erection of columns 
and girders, and the floating out of piers and girders,. 
while he had also had a general supervision under 
Mr. Grothe with a view of making up a —_— 
statement at the end of the month. For the last 
ten or twelve months he had charge of the foundry 
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with a manager under him; his predecessor was 
Mr. Frank Beattie. Between 300 and 400 columns 
were stored at the foundry when he took charge, and 
there were also some defective ones stacked sepa- 
rately. Besides these there were 33 lifting columns, 
which had been cast thicker on one side than on the 
other for the attachment Of ‘wrought-iron brackets ; 
these were set aside as useless, He saw 10 or 12 
lugs burned on, and only recollected one failure ; 
one was burned on a 15-in, column and the others 
on 12-in. columns, which had come from Middles- 
brough and had been broken in transit. He tested 
the burnt-on lugs by hammering them. He had 
found Ferguson very attentive and careful; Fer- 
guson broke tp some defective columns on his own 
responsibility, but in doubtful cases the defects 
were reported to him (Mr, Camphius) and he then 
examined the columns and condemned them. 
He had heard rumours about the use of cement 
or putty, and in consequence went carefully over the 
columns in the yard, but did not find a single hole 
so filled up. He tried the columns with his hammer 
to see if they were sound. He had seen cases of 
scabbing, but never to any serious extent; he had 
also seen columns considerably riddled with small 
blow-holes, but not worth mentioning, except in one 
case, where there was a considerable blow-hole filled 
with some waxy stuff, which had melted in the sun. 
He did not know a composition called ‘ beau- 
montague.” His inspection would have enabled 
him to see cracks in the columns if they had existed, 
and material defects should have been noticed by the 
turners and dressers, None of the men had any 
interest in passing bad work, and he himself had 
instructions to put in the best work and nothing 
else, He made it a point to be in the foundry when 
the metal was run; it was not so quick running as 
some metal he had seen, but was sufficient for its 
a Some eae use such metal for machinery, 

ut he did not think it would be generally approved 
for that = He had had experience in foundry 
work at Messrs. De Bergue and Co’s,, at Manchester, 
and also on the Continent. The Tay Bridge columns 
passed through several hands, and it was the duty of 
any one who had to do with them to report defects. 
The columns had male and female junctions, the pro- 
jecting part of the 15 in. columns being 13 in. in dia- 
meter, and this entering a correspondingly bored 
recess in the next column. He saw the columns which 
were broken up and noticed the thickness of metal 
to satisfy himself that the cores had not shifted ; 
that was because he saw one or two columns which 
were deficient in thickness in the breakdown of 1877. 
In the columns broken up subsequently he never 
saw & , yyees difference in thickness than ,, in. or 
din. He considered that the thickened core bars 
used by Ferguson precluded the possibility of the 
cores rising. He had never seen a column showing a 
cold shut; if he had he would have broken it up. 
He did not consider the use of salt water for moisten- 
ing the moulds made bad castings ; it took a little 
sulphur out of the metal and would do good if any- 
thing. The coke used was from Middlesbrough, 
and he had no complaints about it. At times after 
Mr. Beattie left it was his (Mr. Camphius’) duty to 
examine the rivetting of some of the large girders 
built on the ‘ym the work was good. He tested 
the rivets with a hammer and found two or three loose 
ones, which were replaced. Mr. McBeth inspected 
the girders also, He (Mr. Camphius) erected the 
greater number of the small piers and also some of 
the big ones; all he put in ition he saw from 
top to bottom daily. The whole bridge was also 
painted twice under his supervision, when he had 
occasion to see every column. ‘The piers were 
properly put together, He saw the lugs 
in} the foundry and when the piers were 
erected, and if there had been any cracks between 
the lugs and columns, he thought he would have 
seen them ; they would have been revealed wher 
the strains of the bracing came upon the lugs. He 
was satisfied that the condition of the piers was 
good when the bridge was left, He bad been on the 
bridge when heavy and light trains passed over, and 
there was no unusual vibration; he had also been 
on the bridge in heavy gales, but had noticed no 
oscillation. He had found from observation that 
the brick piers on the south side oscillated about 
4 in. in a strong northerly gale, but he had never 
seen any oscillation in the middle piers. He had 
seen passenger trains run over the bridge at a speed 
of about 30 miles per hour between the high girders, 
He had seen some rivet holes left without rivets, 
but not more than abouta dozen. He had also seen 
one or two diagonal bars loose, but this was before 








the bridge was taken off the contractors’ hands. He 
did not consider that these diagonal bars had much 
to do; they merely kept the upright bars apart 
and the top boom, which was without such diagonals, 
did quite well. The bridge when taken off the 
contractors’ hands he considered to be sound and 
stable. 

At the conclusion of Mr. Camphius’ examination 
in chief the court adjourned until the following 
morning (Tuesday the 2nd inst.). On the proceed- 
ings being resumed Mr. Camphius exhibited plans 
and models of the socket joints of the columns of 
the piers, The bottom lengths of the 18 in. columns, 
he explained, joined the baseplates without any 
male and female connexion, but in all other cases 
such connexions were used. He was then cross- 
examined by Mr. Trayner, and stated that the Tay 
Bridge work was the first work of the kind for which 
he had acted as superintending engineer, while prior 
to coming to Wormit he had not had the manage- 
ment of moulders, but was familiar with moulding 
processes. He would not call himself a professional 
moulder but he was quite capable of inspecting their 
work, There was a push with the work during the last 
eight months of the contract and the turning of the 
columns were behindhand, but not{the casting. 
They worked at nights on the turning to get the 
work done. He examined the columns sometimes 
when they came out of the mould, and sometimes 
while they were lying in the yard after they came 
from the turners ; he rolled them over so as to see 
all sides. He sometimes used a hammer when 
examining the columns, and frequently employed 
his knife to probe doubtful-looking places; but he 
never found any hole filled with cement, except that 
which he had mentioned during his examination on 
the previous day. He sometimes found sand on the 
columns, or what he took for sand, but it amounted 
only to grains embedded in a rough place. He 
examined the columns before they were painted, and 
he satisfied himself that there were no holes filled 
up with cement. He did not inspect and pass all the 
columns used under the high girders, but only those 
cast during the last year or so— principally lifting and 
18-in. columns, He however passedsome of the 15-in. 
columns used in the high piers, and they might be 
in the piers between the first fallen one at the south 
and the fifth from the north side ; that would include 
pier No, 34 from the south, but he very likely did 
not pass all the columns in that pier. The columns 
should have been 1] in. thick. Handed a piece of a 
broken column by Mr. Trayner, Mr. Camphius 
stated that at one part it was a little under § in. 
thick, while a moon piece he measured as fully in. 
thick at the thinnest and jin, thick at the thickest 
part. A third piece he measured as }fin. and Lin, 
thick at the thinnest and thickest places pe toe 
Assuming these pieces came from one column, he 
would not, had he known it, have passed such a column 
for use in the bridge ; but very probably the column 
was not cast in his time, and he never saw it. Apart 
from the deficiency in thickness, he would not 
have passed it on account of the blow-hole 
present. ‘The supervision might be good, although 
this blow-hole had been passed; it might 
have escaped notice by accident. He had heard 
that the ring of the hammer would enable 
an experienced ear to have told that a ‘column was 
only § in. thick at one part, but he did not think 
that he could carry out such a test, although he had 
discovered thin places in a column by the hammer 


when a hole in the column had made him suspicious. | gard 


During the last eight or twelve months of the 
contract, he alone was responsible for the inspection 
of the columns’put in the bridge, although they were 
examined by foremen and others. Knowing as he did 
the‘loads to which the columns were subjected in the 
Tay Bridge piers he would not say that a column 
§ in. thick on one side and 1 in. on the other would 
be unsafe, but it would not be according to specifi- 
cation,’and he would not himself have passed such a 
column. The blow-hole on the piece of column 
marked No, 1 handed to him was about } in, by }in. 
by %; in.; he regarded it as a serious blow-hole and 
would not have passed it; it appeared to contain 
the remains of some cement. In piece No. 2 
there were some blow-holes and honeycombing, but 
they would not be visible from the surface. He 
could not call them dangerous blow-holes, but if 
he had seen them he would not have passed them ; 
there appeared to be some cinder in the iron. 
In sample No. 3 there was also a large blow- 
hole anda number of small ones, and there was 
a considerable amount of scum or cinder in the 
vicinity, If he could see the whole column he 


would be able judge how far its strength was 
affected by, the imperfections shown in the pieces ; 
from the samples the proportion of bad metal ap- 
peared rather large, and if that proportion existed 
throughout the whole of the column it would not 
be safe. When he was at Wormit some thirty or 
thirty-three columns were cast extra thick on one 
side for a special purpose but were not used and 
were broken up; the extra thickness on one side 
was for receiving bolts or screws instead of putting 
on bosses. If any columns showed shifting of the 
upper flask that would be careless work ; he had not 
seen any columns which showed such shifting. Ifa 
column had shown shifting of the upper flask to the 
extent of gin. he would have rejected it; it would 
have been wrong to put it in the bridge. Nothing 
was done, so far as he was aware, for testing the 
columns except examining them by eye and touching 
them witha hammer. He had seen the old specifi- 
cation of the bridge. 

Mr. Trayner then read the following extract from 
the specification : 

The iron of which the castings for the cylinders, piles, 
and columns are to be made shall be melted in a cupola 
farnace, and shall be of such mixture of pig that a bar cast 
therefrom with a transverse section 2in. by lin., and 
placed edgeways on bearings 3ft. apart, will not break 
with a less weight on the centre than 3000 lb., and bars of 
the above dimensions shall from time to time, on the de- 
mand of the engineer, be cast and tested at the sole ex- 
pense of the contractor in the manner mentioned. The 
whole of the castings shall be of the same mixture of metal, 
to be clean and smooth in the skin, free from all defects, 
= perfectly true to the dimension and figure of the 


wings. 

Replying to Mr. Trayner, Mr. Camphius stated 
that no test as above described was carried out 
under his supervision, nor did he know of their 
being carried out by any one while he was at 
Wormit. He should regard a hydraulic test as the 
best and most searching for the columns; there 
was a testing machine at Wormit, which could have 
been applied, but it was not used. He had no in- 
structions to test a single column. Mr. Trayner 
then read another extract from the specification, 
dealing with the drilling of the flanges, &c., but this 
Mr. Camphius stated referred only to the spans on 
the curve. The holes in the flanges of the columns 
in the high piers, he added, were drilled about +, in. 
larger than the bolts, so that the latter might go in 
easily. The drills came from Middlesbrough, and 
were at Wormit when he went there. The bolts 
were, he believed, caulked over to secure the nuts ; 
this work was attended to by Mr. Reeves and Mr. 
Delprat, He himself saw the caulking done in some 
cases. He did not think that bolts which fitted 
their holes easily, and were properly tightened up, 
would become loose as they got older. He had em- 

loyed McGovern to bolt the columns together ; he 
trained him for the work, and considered him an 
efficient man. He had had no occasion to inspect 
the columns, McGovern had bolted under the high 
girders. He had not made a minute examination of 
the bridge since it fell, 

Mr. Camphius then described the attachments of 
the bracing to the columns. A portion of this work 
was, he believed, entrusted to McGovern; it was 

icular work, and Mr. Reeves was selected to 
inspectit. If the fastenings were defective it would 
diminish the stability of the bridge, and if the 
cotters were not driven properly home and secured 
by opening the split ends, there might be a tendency 
to give way by the vibration of the bridge. As re- 
ed the male and female connexions at the 
junctions of the columns he did not look upon them 
as an essential element in the strength of the columns, 
but they were useful as guides during erection and 
for securing that the columns were fairly in line. 
As far as he was aware all the columns except 
the bottom lengths of the 18 in. columns had these 
connexions ; he would be very much astonished to 
hear that a — many columns under the high 
girders showed no such attachments, All the columns 
he inspected had them. As regarded the lugs he 
believed that one properly burnt on was as strong as 
one cast on, 

The diagonal bars on the end posts of the girders, 
which had been referred to by a previous witness 
as loose, Mr. Camphius considered to be of no im- 
portance; they might stiffen the structure a little 
but were not essential to the strength of the bridge. 
He had been on the bridge when trains were passing, 
the last occasion being in September, 1878. The 
vibration experienced made no impression on his 
mind, he had felt nearly as much on an embank- 
ment, He could not believe that the vibration of 








the bridge had so greatly increased between Sep- 
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tember, 1878, and December, 1879, as to.account for 
the movements described by some previous witnesses; 
he considered the statements of these witnesses 
must have been affected by exaggeration or imper- 
fect observation. In reply tu some questions from 
Mr. Trayner, Mr. Balfour, and Mr, Rothery, Mr. 
Camphius then explained the state of the bridge 
works when Messrs. Hopkins, Gilkes, and Co. took 
up the contract, and he also, in reply to further 
questions, confirmed much of his previous evidence. 
As regarded the columns which were broken by the 
fall of the two girders in 1877, there were certainly 
some of unequal thickness which had been used in 
the piers. ‘The permanent way on the high girders 
was better than on other parts of the bridge, as there 
were iron cross girders instead of wooden ones. 
In the 18 in. columns all the boles were cast and he 
had no instructions to drill them, and no machinery 
to doso. The flanges were turned; each flange had 
a recess, the centre line of which ran through the 
bolts, and which was not turned. He did not know 
of any case in which the projecting male ends were 
cut off to save labour. He did not think the frac- 
ture of a column under ordinary circumstances would 
decrease the bearing power, but with an oblique 
fracture failure would be more likely to occur, 

Mr. Frank Beattie was next examined. He was, 
he stated, at present manager of Messrs. Morewood 
and Co.’s bridge works at Birmingham. He had 
been one of the principal assistants at the Tay Bridge 
under Mr. Grothe, and had been general mechanical 
engineer for the construction of the bridge, from the 
latter part of 1873 to within twelve months of the 
bridge being open for traffic. He had had 25 years’ 
experience in his profession and had n great at- 
tention to bridge building, and had been, engaged 
with Messrs, ‘IT. Dunn and Co, and Messrs. De 
Bergue and Co. before coming to the Tay. At 
Messrs. De Bergue’s he was principal draughtsman 
and manager, and the whole of the Tay Bridge 
work passed through his hands; he designed the 
spans, and they were constructed under his super- 
vision. He advised the establishment of the foundry 
at Wormit, and he had charge of it until he left the 
bridge. Owing to a change in the plans of con- 
struction the railway company had some 500 or 
600 tons of cast-iron cylinders on their hands, and 
it was decided to use these up. They had been cast 
at Falkirk, and he believed them to be of Scotch pig 
and scrap. The foundry was fitted up with the best 
plant; the first columns he made were 15 in. for 
the 120 ft..and 145 ft. spans. Before they were cast 
accurate moulding boxes and cast-iron patterns were 
made under his direction, the patterns having 
sliding flanges for altering the length. Special ma- 
chines with eight drills accurately set were provided 
for drilling the flanges. In the flanges of the 18 in. 
columns the holes were cast and he saw none turned 
out untrue. ‘The use of salt water for wetting the 
xnoulds he considered rather beneficial, with Cleve- 
land iron, as it partially eliminated the sulphur and 
phosphorus. Special care was taken to secure 
cal thickness all round the columns, and ifcolumns 
had been eccentricto any material extent it must have 
been noticed when they were in the lathe. He had 
tested columns in the lathe, and having found in 
some cases a want of concentricity, he gave in- 
structions to Ferguson on his own responsibility to 
increase the thickness above that specified. In a 
column l}in. thick he did not consider that } in, 
eccentricity, or difference of thickness of two sides, 
was of consequence. If the difference exceeded 
this, he gave instructions that the columns should be 
reserved for his inspection, and when he saw them, 
if he considered them unsafe, he had them broken 
up. In cases where other defects occurred, about 
which the men were doubtful, the columns were 
also submitted to his judgment. Scabbed columns 
were frequently reported, but blow-holes did not 
occur to any great extent. If he saw a blow-hole 
the size of a pea he rejected the column. He had 
found cases in which beaumontague was used for 
filling some crevices, and in consequence of this he 
discharged the whole of the men engaged upon 
them; he never saw the same thing again. There 
was one instance in which cement was used, but he 
could not ascertain who had applied it. Cleveland 
pig was uscd in the foundry; personally he would 
never have used it to such an extent as it was used. 
During the time he had charge, the mixture em- 
ployed was two-thirds Cleveland and one-third of 
the scrap before mentioned, and he gave instruc- 
tions to rather exceed the one-third scrap. He 
would have preferred the mixture to have been 
Scotch pig, Cleveland pig, and Scotch scrap. He 





cast some bars, and tested them according to the 
specification, and they stood the test and more. 
For structural he was quite satisfied with 
the iron used. He stopped the workmen from using 
some castings as scrap on one occasion, because 
these castings did not belong to them, and for no 
other reason. The moulders complained on two 
or three occasions about the sluggishness of the 
metal, and on one or two occasions he was not 
satisfied with the melting himself, and he had the 
metal run into the sand and remelted. He con- 
sidered the complaints to be exaggerated, but the 
metal gave the men more trouble than some other 
kinds. Scabbing was due to carelessness in mould- 
ing, and the use of improper facing sand; by strin- 
gent measures he got it pretty much eradicated. 
The dressers had orders to report any defects to the 
foreman, There were some lugs burned on in his 
time, and he satisfied himself the work was well 
done. He had cognisance of the rest of the work, 
including the girders, and they were properly fitted 
and rivetted. 

Cross-examined by Mr, Trayner, Mr. Beattie 
stated that a core might be bent and so produce un- 
equal thickness in a column, although it might be 
concentric at the ends. Shown the fragments of a 
broken column, Mr. Beattie corroborated the evi- 
dence previously given by Mr. Camphius. The 
defects in samples Nos. 1 and 2 he would not have 
passed. In columns for structural purposes they 
could only guard against such defects by the greatest 
possible care in moulding; he could not say that 
they could discover them. Serious flaws can be de- 
tected, but some faults may pass without the possi- 
bility of detection. He made the columns thicker than 
required by the specification, but he was aware 
that the samples shown him did not reach the 
specified thickness. The columns were not sub- 
jected to any mechanical test, hydraulic or other- 
wise. About 150 were broken up while he had 
charge, this being one-fifteenth of the whole number 
cast; the broken up columns were used as scrap to 
replace Cleveland iron. He would have preferred 
a mixture of one-third Scotch pig, one-third Cleve- 
land pig, and one-third Scotch scrap, and he men- 
tioned this to Mr. Grothe, but he believed that his 
opinion as to the mixture was not shared by the 
contractors. The cost would have been about the 
same, for although the Cleveland pig was cheaper 
than Scotch, the cost of carriage was greater. 
His experience at Wormit had shown him thata 
moulder could burn on a part of a lug and make it 
as solid as if originally cast on ; but he cannot burn 
on a whole lug. He would, however, prefer a cast- 
ing originally pais as it involved less risk. In 
reply to Mr. Balfour, Mr. Beattie stated that the 
hydraulic test would have revealed such defects as 
were present on the sample _— shown him by 
Mr. Trayner. There was nothing in these pieces, 
however, which would lead him to believe that 
these defects would jeopardise the structure. He 
examined every column sent out to the bridge two 
or three times. 

In reply to Colonel Yolland, Mr. Beattie stated 
that he had never seen a crack of any description 
in a column from first to last. He considered that 
the holes cast in the flanges of the 18-in. columns 
would be as good as drilled holes if they agreed; 
if they did not agree they would have to be chipped 
and filed. The attachment would not be so com- 

lete as if equal-sized holes had been bored through. 
He believed that the flanges were 14 in. thick, and 
that the holes were cast 1} in, diameter for 1} in. 
bolts. In reply to Mr. Barlow, he stated that with 
every care and attention he could not rely alto- 
gether upon bringing out these columns without 
serious flaws; he had known blow-holes in water 

ipes escape detection by the hydraulic test, He 
aia not know of any column having broken through 
contraction in frosty weather. The contractor was 
paid by schedule prices, and in that sense an in- 
crease in the weight of the columns by adding to 
the thickness was a benefit to the contractor. 
He had informed his chief of what he was doing. 

Mr. Camphius was then recalled and examined as 
to the appearance of some of the columns shown 
by the photographs of the fallen piers. On some 
of these columns there appeared to be signs of the 
moulding box having shifted, but he could not say 
positively from the photographs. 

On Wednesday, the 3rd inst., the first witness 
examined was Mr, Thomas Macdonald, one of the 
magistrates of Dundee. Mr. Macdonald stated 
that he had been a constant passenger by the 
bridge, that he had frequently timed the trains 





across it, and never found the time less five seconds 
under five minutes, while usually it was about 54 
minutes, that he never noticed any excessive speed 
when passing through the high girders, nor ex- 
ag seme any vibration or oscillation of the bridge. 

. James Maclaren, who was examined next, gave 
similar evidence, but stated that he had never 
actually timed the trains by his watch, while Mr. 
Hermann Quosbarth, the German consul at Dundee, 
and Mr, Henry Robertson, a merchant at Dundee, 
= evidence to the same effect, Mr. Quosbarth, 

owever, saying, that he had never actually timed 
the trains. Mr. Robertson stated that he had timed 
the trains, and found that the time occupied by the 
run varied from five to six minutes. He had never 
experienced any undue vibration of the bridge. 

The next witness was John Anderson, one of the 
North British engine drivers who had been employed 
in working local passenger traffic across the bridge, 
from the time it opened until it fell. He generally 
timed the run across, and it took about 54 minutes 
from south to north. The tank engine he drove got 
up speed very quickly, and with the exception of 
the 500 or 600 yards run in getting up speed at the 
south end, and the 600 or 700 yards alae ing at the 
north end, the run across was done at a pretty uni- 
form speed, which he estimated as 25 miles per 
hour. He never ran at 40 miles per hour on the 
bridge or at any partof the road; his engine could 
not have attained that speed with the train of seven 
carriages and two vans which it had to draw, He 
had to slack down to two miles per hour to exchange 
batons in passing the signal cabin at the south end. 
He drove the 8.35 A.M. train from Newport alternate 
weeks with another driver, John Brand. This train 
crossed about the same time as a boat, but he never 
raced the boat, He remembered being once spoken 
to by the station-master, Mr, Smith, concerning 
complaints which had been made as to the speed, 
but he considered the complaints groundless. He 
had never felt any vibration in crossing the bridge. 
It was his practice to shut off steam on reaching the 
summit of the bridge, He never made up time 
crossing the bridge. 

Three other engine drivers, John Brand, Ronald 
Baxter, and William Coutts, all of whom had been 
regularly engaged in working passenger trains across 
the bridge, were then examined, and all gave evi- 
dence practically agreeing with the statements of 
Anderson. Brand and Coutts both gave the regular 
time of crossing as not less than 54 minutes, while 
Baxter gave it as from 6 to 7 minutes both ways. 
All agreed that to keep time between Newport and 
Dundee the bridge had to be crossed at the allowed 
speed of 24 to 25 miles per hour, and all spoke of 
their practice of shutting off steam at the highest 
point of the bridge when running northward. 

The next witness was Mr, James Roberts, loco- 
motive foreman for the Dundee district of the North 
British line. He stated that all drivers using the 
bridge were fully informed of the rule as to the speed 
on the bridge not exceeding 25 miles per hour. ‘The 
tank engines used on the Newport branch were tank 
engines with 15in. cylinders, 22in.stroke, and 4 ft. 6in, 
driving wheels. Twenty-two to twenty-five miles per 
hour was the speed for which they were adapted ; if 
run at higher speeds there would be undue wear of 


brasses. He never saw any signs that the New-. 


port engines had been overdriven. He did not 
consider it possible that one of these engines could 
get up a - apr of anything near 40 miles per hour 

tween the signal cabins and the high girders. 
One of the large engines for through trains could 
not get up more than 28 miles per hour at the middle 
of the bridge, considering that they had to slack 
down to three miles per hour at the end cabins. 
He did not think the tank engines could attain a 
higher speed than 32 miles per hour on a level with 
a train of eight carriages. The highest speed that 
he considered it would be possible to attain with 
them on the bridge with such a train would be 28 
or perhaps 30 miles per hour, but the engine would 
be very badly used at that. He had never ex- 
perienced any unusual vibration on the Tay Bridge 
or anything to excite uneasiness. A wearing of the 
carriage brasses causeda side movement, and any 
person not familiar with the matter might mistake 
this for an oscillation of the bridge. 

The next witness examined was William Duncan, 
a passenger guard, who had been employed on the 
trains crossing the bridge. He had frequently 
timed the trains from cabin to cabin, and the shortest 
time he had noted from south to north was eight or 
ten seconds under five minutes, and the longest 
about six minutes. The latter was about the 
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average time; he only knew of one case in which 
the crossing had been done under five minutes, 
The highest speed was attained about the centre of 
the bigh girders before the steam was shut off ; 
they did not gain speed running down the incline. 
He did not think the speed exceeded 25 miles per 
hour, ‘There never appeared to him to be any 
danger in mans the bridge, and in passing over 
on windy nights he never saw sparks fly from the 
wheels except when the brakes were applied. Another 
guard, Alexander Ramsey, was also examined, and 
gave similar evidence. 

In reply to an inquiry from Colonel Yolland, Mr. 
Drummond, the locomotive superintendent of the 
North British Railway, stated that it had not yet 
been possible to determine whether the engine of 
the wrecked train had or had not been reversed, the 

int would however be ascertained. The diver 

e had sent down reported that at present the engine 
cab was entirely blocked with 3, 

Alexander Milne, who had been employed as a 
dresser at the Wormit foundry, was next examined. 
He had been employed about two and a half years 
at the foundry, a week under Strachan and the rest 
of the time under Ferguson. There were man 
columns with blow-holes ani with lugs broken off. 
The largest blow-hole was not over } in, at the out- 
side skin, but was possibly 2 in. inside. With such 
a large hole they took a piece of clay and poured a 
drop of boiling metal into it. He saw no holes 
filled with lead but many with beaumontague, 
these holes being from } in. to jin. deep. He 
rubbed the beaumontague with a stone, and it 
then looked like iron. Some columns were put 
into the lathe apparently whole, but) showed honey- 
comb when the second cut was taken off; the 
honeycomb holes were generally filled up with 
beaumontague after the turner had done with the 
column, and the latter was then laid down with 
the others. The beaumontague was composed 
of beeswax, fiddle resin, lamp-black, and iron 
borings melied together. It was quite hard and 
would break like iron ; they got a red-hot bar and 
melted it, and it then hardened like metal. Two 
men, John Tasker and Peter Tuite, made up the 
beaumontague; Tasker purchasing the materials 
with money obtained from Ferguson. The beau- 








montague was kept in a little office that Ferguson 
had and Ferguson gave it to him. That was near 
the finish of the foundry. The holes filled with 
beaumontague were in both the columns and lugs. 
Cracks along the lugs and up to the flange were 
filled up with it, or the cracks were ‘‘ pinned” to- 
gether with a hammer until they did not show. He 
had to chip off the excess of metal from burnt-on 
lugs, and this had to be done very carefully or the 
burnt-on part would be knocked off. Mr. Beattie 
came to the foundry two or three times a day; he 
did not know if Mr. Beattie ever found out that 
beaumontague was being used. He (Milne) saw at 
least 40 columns broken up; they were broken up 
because they were past mending. When there was 
a column wrong a cloth was thrown over the bad 

t to hide it. He thought it was wrong to use the 

aumontague but did not consider it his duty to 
report it to Mr. Beattie; he did not think when 
using it that he was endangering the bridge. Beau- 
montague was quite hard when set and would not 
melt in the sun; it was not easily seen but might 
be shaken out. 

The next witness was Peter Tuite, who had been 
employed at the Wormit foundry for four years, two 
and a half years as dresser and eighteen months at 
the cupola. He had dressed many columns with 
holes in them; the holes were such as were found 
in castings at most foundries. A shank of a pipe 
could be put in many holes in the flanges; if the 
holes were larger than that the columns were 
generally brokenup. Shallow holes were filled up 
with putty. He had seen cracks between the flange 
and the burnt-on part of a lug, but they were too 
small to be filled up. He had seen blow-holes an 
inch long, but he never filled up a hole of that kind, 
but showed them to his foreman, and the columns 
were broken up. He had put beaumontague into 
holes } in. long and about $ in, deep; they did not 
affect the strength of the column. He did not think 
the engineers saw the beaumontague. 

Another dresser, John Gibb, was next examined. 
He had been engaged about two and a half years at 
the Wormit foundry under Strachan and Ferguson. 
He dressed some columns with holes in them, and 
filled many holes with beaumontague, the largest 
being about }in, in diameter. He obtained the 


beaumontague from ‘Tasker. He filled up cracks 
3 in, in length in the lugs, and he had seen cracks 
between the lugs and flange where bits had been 
burned on. § were thrown over them to hide 
them from the contractors, Mr. Grothe, Mr. Gilkes, 
and Mr. Beattie. Ferguson knew that he was using 
the beaumontague for the holes. He filled in lead 
where there was a hole 3in. long and }in. or in. 
across, running down into a lug; he had seen this 
done two or three times. He painted the columns 
after they had left the turners, and the holes had 
been filled up. 

The next witness was John Tasker, who had been 
employed for twenty months at Wormit foundry as 
adresser. He had seen a hole the size of his finger 
through a column ; the hole was filled up and the 
column used. They. filled the holes with different 
things, including putty and beaumontague. He made 
the beaumontague, and Ferguson gave him the 
money to buy the materials. He used very little 
lead for filling holes, they could not get enough of 
it. He had seen “ hundreds’’ of blow-holes in lugs. 
He had no notion whether it was right or wrong to 
fill up the holes. Cross-examined by Mr. Balfour, 
he admitted that he had been discharged by 
Ferguson for being off work for a fortnight drinking ; 
also that he had been drinking that day. Re-examined 
by Mr. Trayner, he stated that he took his instruc- 
tions for filling up the holes from Ferguson ; he did 
not know whether, if the contractor had known of 
these holes, he would have taken the columns off 
the moulder’s hands. 

The last witness examined was Wilson Wilson, 
an apprentice boiler-maker at the Tay foundry, who 
had been employed for six months at the Wormit 
foundry, painting columns. He had, he stated, seen 
beaumontague put in the holes by the dressers ; the 
holes were scarcely 3 in. He had instructions from 
Ferguson to report any holes or imperfections. The 
columns with small holes were passed and those 
with large holes broken up. 

At the conclusion of this evidence the court ad- 
journed.sixe dic. The next sittings are, we believe, 
tojbe held in London, and we trust that they may 
take place without any unnecessary delay. Upon 
the evidence so far given we prefer to reserve our 
comments. 
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JAPANESE METALLURGICAL 
PROCESSES.—No. I. 
By Epmunp F. Monpy, F.C.S. 


Or the many exaggerated and fallacious notions of 
Japan which lave been derived from the writings of 
theearly visitors to that country, few have suffered 
such a complete reversion of opinion during the last 

uarter of a century as those questions relating to 
her internal wealth as derived from her mineral 
resources. 

The subject is an important one, no less to the 
several countries having commercial dealings with 
Japan, than with Japan herself, That this fact is fully 
appreciated is quite evident from the amount of 
attention it has at all times received from travellers 
of all nationalities. The early writers were unani- 
mousin describing Japan as abounding in mineral 
riches, especially in the amount of the precious 











has given (Transactions of the Asiatic Society of 
Japan, vol. iii., part i., 1874) a brief account of the 
transactions of the Dutch as derived from an ex- 
amination of their books at the Datch factory at 
Deshima. In a table given by him it is seen that 
their export trade was test between the years 
1693 and 17 13, after which a very considerable and 
rapid decline is noticeable. The chief trade of the 
Dutch was in silver and copper, but gold was also 
exported to a large amount. Geerts estimates the 
amounts of gold and silver exported by the Portu- 
guese and Dutch combined, during the sixteenth and 
seventeenth centuries at about 103 millions —- 

Without going into the details of these early 
transactions, enough has been said to show that the 
early travellers were somewhat justified in forming 
the opinions they did, fortified as they no doubt 
were by frequently meeting in their travels such 





places as Kinshima (gold island), Ginshima (silver 


tions by an “ae on the surface following the 
direction of the vein or lode, which he calls yake. 
This is simply the decomposed material of the {ode, 
and is the same thing as our miners’ “ gossan,” and 
the Sagenene miner by his long experience has dis- 
covered, in common with the miners of most other 
countries, that by a careful examination of his yake 
a very fair estimate of the mineral Bae ag may be 
obtained. This yake or gossan is usually found onl 
associated with ig 4 ores, or ores con mu 
iron pyrites, the decomposition of which, by the 
action of air and rain, ultimately produces the 
friable red oxide of iron, which, from its porous 
nature, allows the decomposition to proceed to con- 
siderable depths. So istent is the occurrence of 
this gossan in connexion with the Cornish deposits 
that it has given rise to the couplet : 
** A lode will ne’er cut rich and fat 
Unless it have an iron hat.” 
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metals. This idea was entertained by Marco Polo, 
who during the last quarter of the thirteenth century 
was governor of anchow, China, where the 
Japanese at that time traded, by which means this 
Venetian traveller heard of the unbounded wealth of 
the land lying to the east of China, called Zipangu, 
and who writing of this country says, ‘‘ They have 
gold in abundance, its sources being inexhaustible, to 
which may be attributed the extraordinary richness 
of the king’s palace,” the entire roof of which, as 
well as the ceilings of the apartments and halls, he 
described as being covered with a plating of pure 
gold, while the apartments contained tables of plates 
of gold of considerable thickness. This traveller 
also makes the remark that the king prohibited the 
exportation of this gold. 

mpfer, who resided in Japan in the last decade 
of the seventeenth century, and published an account 
of his two years’ residence in 1727, also speaks in 
glowing terms of the abundance of her mineral 
riches. This author left us as the result of his 
labours in Japan a posthumous work of five books, 
to which are appended six separate papers on various 
subjects, the whole being fully illustrated. In the 
eighth chapter of Book I., which is devoted to the 
climate and products of Japan, and in which he has 
mentioned nearly all the metals which are known to 
us at the present day, gold is mentioned as 
occurring in several provinces, the richest mines 
being those of Sado, which are still worked. The 
other minerals are silver and copper, in good 
quantities, tin, iron, coal, sulphur, agates, jasper, 
naphtha, salt, pearls, and ambergris. 1s con- 
spicuous by its absence, and zinc also, as at present, 
was not produced in Japan. 

This idea of the excessive richness of Japan would 
appear to be borne out by the records of her early 
commercial transactions with Europeans, for we find 
that the Portuguese for a period of eighty years prior 
to 1639 exported large quantities of gold and silver, 
amounting in all to about 594 millions sterling, or 
about 660,000/. sterling per annum (Meylan, Trans- 
actions of the Batavian Society, 1833), while 
Kaempfer states that the amount exported during 
some years reached the enormous value of 2} millions 
sterling. Following the Portuguese the Dutch, who 
arrived in 1609, appear to have reaped a harvest from 
the stores of accumulated wealth of Japan. Geerts 





Fig. 2, ; 
island), Kinsan (gold mountain), Ginsan (silver 
mountain), &c., though at the present day we should 
probably consider the grounds somewhat superficial. 

The great changes of an international character 
which followed closely in the wake of Perry’s 
advent in 1853, have been the means of greatly ex- 
tending our information upon this and all other 
questions relating to Japan, and will no doubt 
enable us ere long to arrive at a correct idea of the 
real position Japan occupies in this respect. At 
present, however, the question is open to much con- 
troversy, and opinions, even of those who have 
travelled in the country, and whose statements com- 
mand respect, are very much divided. 

There is little doubt that the disappointment felt 
by many at the rapid disappearance of that abund- 
ance of precious metals, the accounts of which had 
been the means of attracting so many to Japan, has 
gone far to produce that utter reversion of opinion 
which is so ly believed in by some at the nt 
day. The subject has of late received considerable 
attention both from Japanese and foreigners, and 
much has been written about it. The best of these 
published accounts is, beyond doubt, the consular 
report of the Hon. F. R. Plunkett on “ The Mines 
of Japan” to Sir Harry S. Parkes, of H.B.M. 
Legation, Japan, 1875, which contains a deal of 
valuable information conveniently arranged in a 
small space. 

Next in importance to the question of actual 
existence of mineral riches is the consideration of 
the methods of exploration and extraction adopted 
in the country in which they occur, for if either or 
both of these be faulty and wasteful, the value of 
the minerals will be proportionately reduced. This 
consideration nat y divides i into the indus- 
tries of mining and metallurgy. 

The former of these has already received con- 
siderable attention, and as the latter is the subject 
it is pro to deal with, the important b of 
mining will receive little more than a passing notice 
here. The mining operations employed in Japan are 
of an extremely rude and primitive character, and 
are to-day with but few exceptions pretty much the 
same as when first introduced centuries ago, 

In prospecting for new mines the native mining 


And the Japanese miners are equally alive to the 
almost unerring virtues of its representative in Japan. 
Having, after a careful examination of the yake, 
decided to work the mine, operations are begun by 
driving levels one above the other in a direction 
following the vein, and having a slight upward in- 
clination to off the water. As soon as these 
levels are carried so far that the ventilation becomes 
bad (the circulation of air being sometimes assisted 
by running a box-shaped channel made of wood 
fe the entire length of the level, and close up to 
its roof, thus forming a primitive kind of air-head) 
they are connected by small shafts or winzes, also cut 
in the vein. These winzes serve the double purpose 
of draining and ventilation, the lowest level or adit 
being ant for draining the mine, and is hence called 
the midzunuki. The whole of these levels are 
braced with a wood framing where necessary. This 
exploring work is all done by hand labour, using 
nothing but chisels and hammers, and for the heavier 
work wedges and sledge hammers,'but until recently, 
and even now with but few exceptions, gunpowder 
was not used for p of mining, the excep- 
tions being of course those mines which have been 
or are wor by the Government or under foreign 
superintendence, and a few others. The ore is 
carried to the surface on men’s or women’s backs in 
a kind of wicker basket called a datsu, while the 
miner carries a thick circular mat of the same 
material attached to his girdle, which serves him as 
seat. The lamps used are made out of a shell of a 
species of murex, called Sazai, filled with vegetable 
or fish oil, the wick being formed of the pith of a 
rush. Sometimes iron saucers replace the shell, 
while in some cases dried bamboo, or oak beaten 
until it is quite soft and burns easily, is used for 
ighting purposes. Figs. 1 and 2 will give an idea 
of the method of carrying out the mining operations, 
these being copies of illustrations of a s work on 
the mining and metallurgy of copper in Japanese, 
entitled ‘* Ko-do-shu-roku.” 

Thus far the mining operations may be carried on 
at the existing low rate of wages with fair re- 
muneration for the capital involved, but sooner or 
later the works have to be ushed at a lower 
level than the lowest adit or midzunuki, and when 
this is the case a most formidable enemy makes its 





expert, who, be it remarked, is a keen and usually 
accurate observer of nature, is guided in his opera- 


appearance, which increases in potency with the 
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depth, and at no great depth absorbs all the profits the organ of voice. The demands upon our space 
and hence puts an end to all further working. This ; LITE RATUR E. have compelled us to content ourselves by giving 


enemy is water, The only native methods of drain- 
ing the workings below the midzunuki is by working 
a series of hand pumps about 10 ft. or 12 ft. long, 
and made either out of bamboo (fake-midzu-toyu) 
or of wood (ki-midzu-toyu). ‘These pumps are 
worked in stages one above the other, the bottoms 
of each being placed in a bucket into which the 
pump next below discharges its water. This 
arrangement has to be followed from the hottom of 
the workings up to the lowest adit, into which the 
water is discharged, and thus passes out of the 
mine, Fig. 3 illustrates this method of draining 
mines, poh it need hardly be said that when, as is 
the case in some of the larger mines, upwards of 
100 men are employed upon this work alone, such a 
system forms a considerable item in the working 
expenses, and must prevent all but the richest parts 
of the ore being worked. After describing the 
metallurgical processes in detail, it will be seen that 
these too are, with but few exceptions, equally 
primitive and defective, 

Bearing these facts in mind it will not be a difficult 
matter to account for the extremes of opinion which 
have been held at various times as regards the value 
of the mineral deposits of Japan. There can be 
little doubt that to a very great extent these opinions 
have, as a rule, been based not upon any knowledge 
of what is contained in the earth, but upon the 
amounts of the precious metals Japan has at such 
times been able to show as the result of her mining 
operations. 

Now Marco Polo tells us that in his time the 
king prohibited the exportation of gold, a state of 
things which no doubt existed down to the advent 
of the Portuguese about 1545, so that the gold 
which had been worked from its discovery in 749, 
had been allowed to accumulate in the country and 
would, no doubt, however poor the annual produc- 
tion may have been, have produced sufficient in 
these 800 years to give rise to those fabulous and 
enchanting accounts which have been so eagerly 
accepted in early times. In addition to this we must 
remember that during all this period the mines 
were probably little more than surface workings, 
and could thus be more profitably worked than at 
the present day, even allowing for any slight im- 
provements that may have been made in the methods 
of working. 

The methods of mining and metallurgical practice, 
which, however, proved not only sufficient to keep 
up the supply of metals needed for internal use, and 
for the limited export trade with China, but also to 
accumulate the larger quantities which have formed 
the basis of trade with the Portuguese and Dutch 
from the middle of the sixteenth century, has proved 
totally inadequate to supply the exormously in- 
creased demand resulting from the changed inter- 
national relations which during the last quarter of a 
century Japan has embarked upon. /The result is 
that instead of being universally looked upon as the 
veritable El Dorado of the Hast, as of yore, she is 
now considered by many to be~extremely poor in 
mineral wealth, having very few, if any, mines worth 
working. 

That the Japanese authorities are not of this 
opinion is perfectly plain from the jealous and per- 
sistent manner they guard against the importation 
of foreign capital or interest, beyond engineers as 
paid employés, into any of their mining operations. 

There is not the slightest doubt that in due time 
with improved methods of production, improved 
roads, an extension of railways, more liberal mining 
laws, and a better trained staff of native mining en- 
gineers, such as she is at the present educating in her 
unrivalled Technical College, and at her university 
at Tokei, Japan will be able to hold a very respect- 
able position in the mining industries of the world. 

With these remarks we will leave the general con- 
siderations of the subject and pass on to the more 
special department of metallurgy, the descriptions 
of the various processes of which ere derived mainly 
from personal observations made at about thirty 
different mines and works, to visit which the writer 
travelled over nearly 3000 miles of the interior of 
Japan during his five years’ residence in that 
country. These personal observations will here and 


there be supplemented by information derived from 
other sources, more particularly from some of the 
students of the writer's metallurgical class in the 
above-mentioned Technical College. 

The metals will be considered in the order of 
their importance as an infustry in Japan, of which, 


The Car Builders’ Dictionary; an Illustrated Vocabu- 
lary of Terms which designate American Railroad 
Cars, their Parts and Attachments. Compiled for the 
Master Car Builders’ Association. By Matrrutias N. 
Forney, assisted by LEANDER GAREY and CALVIN A. 
SmirH. New York: Office of the Railroad Gazette, 

Tue builders of railway rolling stock in the United 

States have created a technical language of their 

own, or rather several such have grown up in dif- 

ferent parts of the Union, similar parts of a car 
or a wagon having in many cases widely different 
designations in the eastern, western, southern, and 
middle states. This existence of arbitrary synonyms 
is productive not unfrequently of inconvenience in 
many ways, possibly the least important but the 
most striking occurring at the meetitigs of the Car 

Builders’ Associations, where discussions are not sel- 

dom interrupted to explain the meanings of technical 

terms. As an example of what we mean, the clear- 
story of a carriage has such synonyms as ‘raised 
roof,” ‘‘ monitor top,” ‘‘ dome,” ‘ upper deck,” and 

‘*texas,” and a drawbar is known in different localities 

asa ‘pull iron,” a “shackle bar,” a “bull nose,” 

&c. It will thus be seen that the raison d’étre of 

this volume is a very sound one. The work has 

been very well carried out, but it has involved some 
years of labour, the result of which, though useful, 
is not showy, although the book itself is, thanks to 
the green, white, and yellow paper on which it is 
printed. At first it was intended to make it a 
dictionary of synonyms, but it was found that apart 
from the enormous labour of arriving at anything 
like completeness, the bulk of the book would exceed 
moderate limits. So an ingenious and very success- 
ful device was hit upon. The ee is, so to 
speak, classical, being compiled from the highest 
authorities in the art of car building, and it is sup- 
plemented by a glossary of illustrations showing 
every conceivable part of a railway vehicle. Some 
of these diagrams are complicated and composed of 
many parts. In such instances each part is num- 
bered and described in the terms given in the earlier 
part of the book. When the objects are simple their 
standard titles are placed beneath them. By this 
means car builders all over the United States can 
converse with each other in a common language, and 
the'technicalities of New Orleans, Chicago, and New 
York need no longer cause confusion and misappre- 
hension. As may be expected, a very large number 
of terms unknown to English rolling stock builders 
are found in this volume, and as the collection of 
definitions is very complete and very carefully com- 
piled, it will undoubtedly be found of great value 
on the other side of the Atlantic and of no small 
interest here. The illustrations, moreover, are so 
numerous and so complete as to afford the most 
minute information upon United States practice in 
the construction of railway and street railway cars, 

It is to be regretted that these engravings are not a 

little more carefully executed, 





Elementary Lessons on Sound. By Dr. W. H. Srons, 
Lecturer on Physics at St. Thomas’s Hospital. With 
Illustrations. ndon : Macmillan and Co. 

In this unpretending little volume Dr. Stone gives 
a vast amount of information, which is not, so far 
as we are aware, included in any other elementary 
treatise, but which is only to be found scattered 
through a number of larger works. The book 
consists of an introduction and eight chapters, and 
is illustrated by numerous engravings of apparatus, 
&c. In the first chapter the production of sound 
is dealt with, the nature of the vibrations of sonorous 
bodies being described, and accounts being given of 
various instruments for producing sound, in which the 
different classes of vibration are utilised. The second 
chapter treats of the propagation of sound, its 
velocity, reflection and refraction, while Chapter III. 
is devoted to the consideration of intensity, con- 
sonance and interference, Chapter IV. of pitch and 
its measurement, and Chapter V. of the nature of 
musical tone. These various divisions of the subject 
are admirably dealt with by the author. 

Chapter VI. is a short but interesting one, treat- 

ing of the effects of heat, atmospheric pressure, 

moisture, and density, while in Chapter VII. Dr. 

Stone deals at considerable length of scales, chords, 

temperament, and tuning. he eighth and final 

chapter is devoted to the consideration of the appli- 
cation of acoustical principles to the production of 
music, a number of musical instruments being 
described and the principles of their action analysed, 


merely a brief summary of the contents of Dr, 
Stone’s excellent little manual, and in conclusion 
we can only congratulate the author on the manner 
in which he kas—without in any way sacrificing 
clearness to conciseness—managed to deal so fully 
with his subject in a work of such moderate size. 





Girder Making and the Practice of om Building in 
Wrought Iron. Illustrated by Examples of Bridges, 
Pier and Girder Work, &c., constructed at the Skerne 
Iron Works, Darlington. By Epwarp HucHinson, 
Memb. Inst. M.E. London and New York: E. and 
F. N. Spon. 

It is well known to all engaged in the construction 
of iron bridges that a vast number of the designs 
and specifications issued from the offices of civil 
engineers display either an ignorance or neglect of 
the numerous points of practical detail upon which 
the cost of such structures greatly depends. That 
such a state of affairs should exist is due greatly to 
the fact that a large majority of engineers engaged 
in the design of bridges, roofs, &c., have never 
had any practical training in a workshop, while 
still fewer are familiar with the details of iron mak- 
ing. Moreover, the ordinary text-books at the 
command of civil engineering students do little or 
nothing to supply the knowledge of practical con- 
structive detail, which we have mentioned as being 
so much wanted, There are scores of works which 
will inform a young engineer how to calculate the 
strains on the flanges and bracing of a lattice girder, 
but we know scarcely half a dozen which will give 
him any advice of value as to the manner in which 
he can best make up the sections which theory shows 
to be required, or which will give him any hints as to 
the effect in cost of adopting different constructive 
details. Under these circumstances the book now 
under notice forms a welcome addition to our pro- 
fessional literature. Its author in his preface dis- 
claims any intention of expressing opinions as to the 
relative merits of the different designs which he 
describes, but at the same time he indicates clearly 
the data upon which a judgment can be formed as 
to the facilities which these several designs afford 
for economical construction. 

The book is divided into two parts, the first deal- 
ing with materials and the second with executed 
examples of bridge work and iron construction. In 
dealing with the materials, Mr. Hutchinson com- 
mences by giving a brief account of the manufacture 
of wrought iron from the pig, including the pud- 
dling, shingling, and rolling processes, the modes 
of piling for the production of flats and bars being 
described, and information being given as to the 
average difference of cost of different sections. In 
connexion with this part of the subject, the author 
refers to the ‘universal’ mill employed by the 
Skerne Iron Company for rolling plate up to 30 in. 
wide as bars, this being the only mill in this country 
capable of turning out this class of work. At 
present, as most of our readers no doubt are aware, 
the Skerne Iron Company’s operations have been 
suspended from financial difficulties, but with a 
revival of trade we trust that their plant may soon 
be brought into use again. In dealing with the 
choice of iron for girder making, Mr. Hutchinson 
points out that angles and flats cost as a rule about 
a pound per ton less than tees, while he refers to 
the undesirability of employing large thin plates or 
iron of unusual sections, Eleven plates of sections 
of iron rolled by different makers illustrate this 
portion of the work. Next in the course of a 
short chapter on steel as a material for girders our 
author refers to the causes which have interfered 
with its employment in bridge building, namely, 
its cost, the fact that in many parts of bridges the 
dimensions could not be less than in iron, and, until 
recently, the non-recognition of it as a special 
material by the Board of Trade. 

The next section deals with workmanship, and 

describes the treatment of the iron in the girder 

yard, commencing with the straightening of the plates 
or bars. On the subjects of punching and drilling, 
and the preparation of the work for rivetting, Mr. 

Hutchinson speaks at some length, and we are glad 

to notice that he strongly advocates the plan of 

drilling plates and bars after they have been pro- 
perly placed together. With regard to this, he 
says: ‘It would not be difficult to arrange matters 

‘* go that every hole could be drilled in position, and 

“that at no great increase of cost after the first 

“ outlay for machinery. But supposing this increase 





notes on the education of the ear, and on its sensi- 





at present, copper stands pre-eminent. 


bility being also included, as well as a description of 








‘*to amount to twenty shillings per ton, it would 
“be trifling compared to the increase in the 


















Marcu 19, 1880.] 


ENGINEERING. 





219 





“actual strength of the girder.” He is also an 
advocate for machine rivetting wherever it is possible 
to apply it. : 

In concluding his remarks on workmanship, Mr. 
Hutchinson gives some further hints as to the manner 
in which the cost of a — is influenced by its 
design, and he adds a couple of comparative estimates 
showing the items of cost of a cheap and expensive 
girder respectively. In connexion with this portion 
of the subject also illustrations are given showing 
different modes of making up the sections of flanges 
without the use of plates, 

The second part of the work consists, as we have 
said, of descriptions of various bridges, &c., these 
examples being selected from work executed at the 
Skerne [ron Works. These descriptions, which are 
illustrated, include a number of important works, 
amongt which we may mention the Kistna Viacuct, 
the Murrumbigée and the Montesa bridges, some 
large plate girder bridges on the North-Eastern 
Railway, the Grandtully Bridge, the Staithes, Upgang, 
and Newholm viaducts, swing bridges at Leith and 
Dublin, the Huelva pier, &c., the book being con- 
cluded by a reprint of a paper owe | the author 
before the Institution of Mechani Engineers, 
describing the erection of a large girder bridge over 
the River Dal, in Sweden, an operation of much 
interest. In describing some of the examples we 
have mentioned Mr. Hutchinson has decidedly erred 
on the side of brevity, a notable instance being in 
the case of the notice of the Boquilla Bridge, in 
which not even the spans are stated. In a future 
edition the author might, with advantage, consider- 
ably extend the descriptions, and we would suggest 
that in all cases the weights of the structures should 
be given. Even in their present form, however, Mr. 
Hutchinson’s examples are very suggestive, and his 
book is altogether a very useful one. We may add 
that the engravings are excellent, and that the work 
is a very good specimen of typography. 





Dickens’s Dictionary of Continental Railways, Steamboats, 
Diligences, &c., being an easy Guide For Travellers. 
Published monthly. No. I., h. London: Charles 
Dickens, Office of All the Year Round. ice 1s.] 

This is the first of a monthly series of Continental 

time tables clearly printed and very simply arranged. 

The system adopted has been to select a number of 

principal towns as centres of travel, and to afford all 

the required information respecting the communica- 
tion between such towns and all other important 
points with which they are connected. Thirty-five 

such centres have been selected and some 1400 

different routes given, and as these routes work in 

with each other, the railway services can be ascer- 
tained for almost the whole system of European 
travel, Besides the name of each town, the distance 
that it lies from its respective centre, and the rail- 
way fares charged are stated, while for the ef 
centres, information as to cab fares and hotels is 
added. The book includes a table of times for 
different places on the Continent, and the schedule 

number of hours of every journey is also added. A 

sufficient number of diagram maps accompany this 

little publication, and the use of a distinctive type 

for indicating the ante and post meridian trains is a 

happy one. 
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TANK LOCOMOTIVE. 

We published the week before last a two-page engrav- 
ing of a tank locomotive constructed for the National 
Railway of Switzerland, at the Swiss Locomotive and 
Engine Works, Winterthur, and this week we give 
further illustrations of the same engine, our engravings 
on page 224 showing details of the Bissell truck, while 
those on pages 220 and 221 represent the valve gear, &c. 
The engine is of a type designed in 1876 by Mr. Charles 
Brown, the managing director of the Swiss Locomotive 
and Engine Works, and up to last year twenty-two 
engines of the class had been constructed at these works 
for the National Railway of Switzerland, thirteen of 
these engines having driving wheels 1.6 metres (5 ft. 3 in.) 
in diameter like that we illustrate, while in the case of 
the nine others the diameter of the wheels was reduced 
to 1.8 metres (4 ft. 3 in.) In some of these engines also, 
the Bigsell truck at the leading end is replaced by an ar- 
rangement of radial axle-box. Both plans answer well, 
but on the whole the preference is given to the Bissell 
truck. 

The general arrangement of the engine is shown clearly 
by the views which we published the week before last. It 
is an eight-wheeled engine with six wheels coupled, and a 
two-wheeled Bissell truck in front. The cylinders are 
outside, as is also the valve gear, and the frames are of 
the water-tank construction. The diameter of the coupled 
wheels is, as already stated, 5 ft. 3 in., while the diameter 
of the cylinder is 16.54 in., and the stroke 23.62 in. The 
tractive power which the engine is capable of exerting is 


thus : 16.54° x 28.62 _ 199.6 1b. for each pound of effec- 


tive pressure per square inch on the pistons. The 
weight resting on the coupled wheels is about 32 tons, 
so that to produce a tractive force equal to one-sixth of 
the insistent weight on these wheels a mean effective 


cylinder pressure of $2 x 2240 =116 lb. per square inch. 
6 x 102.6 


As the working pressure is 150 lb. per square inch 
this mean effective pressure of 116 lb. per square 
inch could no doubt be easily secured at the slow 
speeds at which the maximum tractive effort would be 
required, and the cylinder power is altogether well pro- 
portioned to the available adhesion. 

The coupled wheels are 5 ft. 6.9 in. apart from centre 
to centre, the rigid wheel base of the engine being thus 
11 ft. 1.8 in., while the distance from centre of the lead- 
ing coupledaxle to the centre of the truck wheels is 
8 ft. 0.4 in., making the total wheel base 19 ft. 2.2 in. 
The total length of the engine over buffers is 33 ft. 11 in. 
The weight of the engine empty is 32 tons, while the 
weight in working order is made up as follows: 





Tons, 

Engine empty ... ove . 32 
Water in boiler... a - 
OE Oger ae. vax, = ee 2.1 
Total ... ee 42.3 


The springs for the leading wheels and for the front 
pair of coupled wheels are placed above the frames and 
are coupled by bell-crank levers and connecting links as 
shown, while the springs of the driving and trailing 
wheels are slung beneath the axle-boxes and are con- 
nected by ordinary equalising beams. The effect is that 
the springs are connected in two groups and the positions 
of the wheels are such that the weights on the four 
axles are as nearly as possible equal with the engine in 
full working trim. With the tanks quite full there is a 
slight excess of weight on the two front pairs of wheels 
and a corresponding deficiency when the trucks are 
empty. 

The frames are, as we have said, of the water tank 
type, and they consist of side plates 0.47 in. thick, placed 
4 ft.0.7in. apart and strongly stayed transversely. As 
will be seen from the longitudinal section published the 
week before last, the tank occupies the space between 
the frames from a short distance behind the leading buffer 
beam to within a short distance of the firebox, the bottom 
of the tank being carried over the leading axle and the 
front coupled axle, and UJ pipes being applied below these 
axles to make the requisite water connexions. Between 
the cylinders three stiff diaphragm plates the full depth 
of the tank extend across the latter from frame to frame, 
while between the leading and central coupled axles the 
frames are stiffened by vertical channel irons rivetted to 
them, these channel irons being connected by a pair of 
plate stays extending from frame to frame close to the 
top of the tank. In the rear of the tank the thinness of 
the frames of course necessitates special attention to 
transverse staying, and here, as will be seen, strong 
transverse stays are introduced on each side of the 
central and rear coupled axles. Angle-irons rivetted 
to these stays and to the side plates are connected so as 


he | to form a frame encircling the ashpan as shown in Fig. 2, 


while under the footplate deep transverse plate stays 
are provided. Mr. Brown has now used tank frames to 
a considerable extent for both large and small locomo- 
tives, and he finds that if well made they give no trouble, 





They must not, however, be turned out as tank work 


very generally is but must be made in the same way as 
first-class boilers. Mr. Brown drills all the rivet holes in 
these tanks and takes ial care that all rivets fill 
these holes thoroughly. The use of tank frames also 
necessitates the adoption of special methods of fixing the 
cylinders, but of this we shall speak later on. 

The axle boxes for the coupled axles are of a construc- 
tion which we had occasion to describe when dealing with 

other 1 tive of Mr. Brown’s about four and a half 
years ago (vide page 111 of our twentieth volume). As 
will be seen from Figs. 1 and 2 of the two-page engraving 
which we published the week before last, the two axle- 
boxes for each axle are connected by wrought-iron trans- 
verse plate stays, to which they are securely bolted. The 
axle-boxes are of brass, and on their sides are formed trun- 
nions which pass through the wrought-iron stays just men- 
tioned, and enter into steel rubbing pieces, which are also 
each provided with an annular rib entering a ope! 
ing recess on the transverse stay plate. These rubbing 
pieces fit against the steel faces of the axle-box guides, 
and from the manner in which they are connected to the 
axle-boxes it is evident that they can swivel relatively to 
the latter. The two axle-boxes of each axle are by this 
arrangement kept rigidly in line, and always bear fairly 
upon their journals, while any unequal play of the engine 
on the springs, and the consequent tilting of the engine 
laterally relatively to the axles, is provided for by the 
freedom to swivel of the rubbing pieces fitting on the 
axle-box trunnions. The detail views of an axle-box, 
Figs. 10, 11, and 12 on e 221, will explain the con- 
struction more clearly, while the left-hand half of Fig. 11 
also shows the manner in which the axle-box keeps are 
fixed, and also the mode of connexion adopted for the 
springs in the case of the boxes for the driving and trail- 
ing axles. It will be seen from this view and Fig. 10 
that the pin from which the spring is hung is continued 
through the plate stays connecting the pair of axle-boxes, 
thus getting a firm hold. The results of the experience 
with the axle-boxes connected in the manner we have 
described are highly satisfactory. Figs, 10 and 11 are 
views of a trailing axle-box and Fig. 12 a sectional plan 
of an axle-box of the leading pair of coupled wheels, 

At the leading end the engine is, as we have already 
stated, carried on a Bissell truck. The general arrange- 
ment of this truck is shown by the two-page engraving 
which we published the week before last, while Figs. 5, 6, 
7, 8, and 9 on page 224 of the present number show the 
construction in greater detail. The truck wheels are 
2 ft. 11.4 in. in diameter, and they have a side play each 
way of 1.38 in., while the radius of the radius bar is 
5 ft. 7in. The axle-boxes, like those of the coupled axles, 
are connected by tranverse plate stays bolted to them, 
these stays with the radius bar practically constituting 
the frame of the truck. At the middle of their length the 
transverse stays have bolted to them a forging carrying 
a steel face on its upper side, and on this face, which is 
slightly concave, bears a roller which transmits to the 
truck the weight of the front end of the engine. The 
details of this arrangement will be understood on re- 
ference to Figs. 5, 7, and 8. From these views it will be 
seen that the leading springs are placed above the foot- 
plate level, and bear on spring pins, the lower ends of 
which are coupled to a transverse beam formed of a paif 
of bars stayed at a sufficient distance apart to carry 
between them the central roller to which reference has 
already been made. The pin traversing this roller also 
serves for the attachment of one end of a pair of hori» 
zontal links which have their other end connected to 
the right hand frame plate as shown in Figs. 5, 7, and 9. 
These links keep the roller in a central position with 
regard to the frames. The manner in which the leading 
springs are connected by equalising levers to the s “9 
of the front pair of coupled wheels has been B - y 
referred to. 

The manner in which the cylinders are fixed is a 
novelty in locomotive practice, and it has been 
as the result of experience in the use of water tank 
frames. This mode of fastening is shown by Fig. 2 of 
the two-page engraving which we published the week 
before last, and also by the detail views Figs. 13 and 14, 
which we give on page 220 of the present number. Re- 
ferring to these views, it will be seen that the cylinders 
are not fixed directly to the frame, but each is bolted by 
its rear end to a casting or bracket which forms the rear 
cylinder cover, and which is in its turn bolted to the 
engine frame. This casting, in fact, practically corre- 
sponds to the end of a stationary engine frame of the 
Corliss type, and its base or flange on the frame 
is made to clip thickening strips rivetted to the frame, 
as shown in Fig. 2, so as to relieve the strain on the bolts, 
It will be noticed that the tank is well stiffened by 
transverse stays, so as to obtain the requisite rigidity at 
this point. At the front end each cylinder is merely 
supported by its flange resting in a hole in a wrought-iron 
bracket plate. This arrangement leaves the cylinders free 
to expand and contract without interfering with the tank. 
We understand that this mode of fixing for the cylinders 
has proved entirely satisfactory, and has quite got rid 
of the troublesome leakage which has been experienced 
in some engines with water tank frames when the 
cylinders have been fixed to the latter in the usual way. 

As will be seen from Figs. 13 and 14, the cylinder is 
so designed that the same pattern does for both right 
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DETAILS OF TANK LOCOMOTIVE FOR THE NATIONAL RAILWAY OF ‘SWITZERLAND. 


CONSTRUCTED AT THE SWISS LOCOMOTIVE AND ENGINE WORKS, WINTERTHUR, MR. CHARLES BROWN, MANAGING DIRECTOR. 
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Table showing Action of Valve Gear: 


and left hand, the valve chest, which is on the top of the 
cylinder, having a loose stuffing-tox which can be 
attached at either end according to the side of the 
engine for which the cylinder ig intended. The piston 
rods are carried through the front cylinder covers, as 
shown in Figs. 2, 13, and 14, the two latter views also 
showing the design of the crossheads, connecting rods, 
and coupling rods. As will be seen, each cylinder has a 
single guide bar arranged above the centre line of motion, 
as shown, a section through this guide bar and the crots- 
head being shown in Fig. 19 above. The guide bar is 
of steel, and the crosshead is of wrought iron fitted with 
cast-iron rubbing pieces. ‘ 

The slide valves—which are of cast iron—are of the 
Allen or Trick pattern, as shown in Fig. 13. The valve 
gear is of the Walschiert or Heusinger von Waldegg’s 
type, and its details are well shown by Figs. 13, 14, 18, 
and 19, on the present and opposite pages. The general 
principle of this class of valve gear has been several 
times explained in this journal, and will be familiar to 
most of our readers, while the mechanical details of the 
particular arrangement illustrated are so clearly shown 
by our engravings that no special description will be 
necessary. All we need do, therefore, is to call attention 
to the general neatuess of the design and care with which 
the details have been worked out. 

The diagram (Fig. 20) above explains the action of 
the gear we illustrate, while the annexed Table shows the 
excellence of the distribution obtained. As will be seen 
from the notes on Fig. 20, the travel of the valve in full 
gear is 116 millimetres, or 4.57 in., the suppression with 
this travel taking place at 79 per cent. of the stroke, while 

© minimum travel of the valve is 55 millimetres, or 
2.17 in., the shortest admission being 3 per cent. of the 
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or 1.027 in., while the dimensions of the ports are as 
follows: Length, 340 millimetrer=13.39 in.; width of 
steam ports, 32 millimetres—1.26 in.; width of exhaust 
port, 56 millimetres=2.2 in. ; and width of bars, 32 milli- 
metres—1.26 in. The engine is titted with screw 
reversing gear, the details of which are shown by Figs. 
16 and 17 annexed. The weigh-bar is fitted with a 
spring instead of a balance weight, as shown by Fig. 15 
on page 220, 

he general design of the boilcr is shown clearly by 
the views on the two-page engraving published with our 
number of the 5th inst. The shell is of iron, the firebox 
of copper, and the tubes are of steel, with a short length 
of copper brazed on at the firebox end. The oe 
dimensions and proportions of the boiler are as follows: 


ft. in. 
Diameter of barrel inside largest plate 3 11.2 
Number of tubes... “= lit 


Length ,, between tubeplates... 12 2.14 
Diameter ,, inside ... a eons Meo 
”” ” outside wee eee 0 2.81 
” of chimney (least) ... aa 1 326 
sq. ft. 

Heating surface: Firebox... 80 

Tubes (outside) 921 

Total .. .. 1001 

Firegra' ‘ue 2 


Fine va throngh tubes disre 
ae Soe ns ai ones RM 
i areaofchimney .. 1.16 
Fiekin of quate to total healt surface 1: 58.2 
+i: ope ue area through tubes to “ee 
te .. ove oso ass ook 1:14.8 
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Ratio of firebox heating surface to tube 7 B 
8 ove 11, 


As will be seen from Figs. and 4 of the two-page en- 
graving published with our last number but one, the fire- 
box crown is stayed directly to the shell, the stays being 
perpendicular to the crown plate. Near the front end of 
the barrel a large dome is fixed, this dome containing a 
separator for preventing any priming being carried over 
into the cylinders. The regulator is of the gridiron valve 
type and is fixed outside the dome, as shown in Fig. 1, 
external stdam pipes passing down to the cylinders. The 
boiler is fed by a pair of injectors, the water entering 
the barrel about the middle of its length and height on 
each side, The feed water, however, does not im- 
mediately mix with that in the boiler, but enters a kind 
of pocket fixed inside the barrel, there being one of these 

kets on each side. The feed water becomes heated 

this pocket and deposits a iderable part of its im- 
purities there, it eventually overflowing the inner eige 
of the pocket which is made slanting, as shown in Fig. 1. 
A mud door on each side of the barrel enables the mud 

kets to be readily cleaned out. The engines burn 
Saarbriick coal and the firebars are of cast iron, and are 
supported by bearers fixed to the ashpan, as shown in 
Figs. 1 and 4. The ashpan itself is very deep and is 
fitted with front and rear dampers, its form being such 
that the air is admitted direct to the central part of the 
fire. The boiler is fixed to the frames at the smokebox 
end only, while it rests on sliding supports at the sides 
of the firebox, there boing no other connexions. 

The exhaust pipes are of cast iron, and are of oval 
section, as shown in Figs. 1 and 3. The chimney is also 
of cast iron, and is of the Sinclair pattern. The exhaust 
nozzle is annular, a pattern which Mr. Brown has used 
regularly since 1874. The diameter inside the inner 
nozzle is 8} in., and the width of the annular space be- 
tween the two nozzles is such as to give a discharge area 


of from to me of the piston area according to the work 


the engine has to do. In a letter from Mr. Brown, which 
we published on page 170 of our twenty-fifth volume, he 
stated that with engines of the type we are now de- 
scribing, but with coupled wheels 1.3 metres (4 ft. 3 in.) 
in diameter, these annular blast pipes having a discharge 
area of 5 the piston area give a draught sufficient to 


generate the steam required to haul loads of 200 tons in 
addition to the engine up a gradient of 1 in 50, 9.32 miles 
long, and with numerous curves and reverse curves of 
985 ft. radius, This we need scarcely say is exceedingly 
heavy work. In the case of the engines doing lighter work 


the nozzles with a discharge area equal to i of the 


piston area give an exceedingly soft but efficient blast. 
We have now we think touched upon all the leading 
features of the engine under notice, and we need merely 
make brief reference to some minor points. The engine 
is fitted with a brake applied to the rear pair of wheels 
only, as shown. The coal is carried in a bunker at the 
back of the footplate, and the footplate itself is roomy 
and is protected by a cab. The draw-bars and safety 
chain bolts are fitted with india-rubber springs, and the 
rear draw-bar is arranged to pull from a point well 
forward near the trailing axle. As an example of a 
type of engines which possesses man ial features, 
and which is doing good service, we believe that the 
describing will be regarded with 





considerable interest. 





THE LAUGHERY CREEK BRIDGE. 

Lav6h@ky Cresx—a bridge over which forms the 
subject of our two- ving this week—is a 
tribu to the Ohio River emptying into it about 
25 milés éouth of Cincinnati. creek ‘at ordinary 
water has & width of about 70 ft., and a depth of about 
6 ft., but the back water from the Ohio during the spring 
and fall, at times increases the depth to over 40 ft. at 
the bridgé site, the bridge being about one mile from 
the mouth of the creek. The creek bottom is of a soft 
alluvial character, and would form but a founda- 
tion for a pier, so that when building a bridge some 
eight years ago, it was thought cheaper to build abut- 
ments only, back on good gravel foundations, and to 
cross the stream with a single combination span of wood 
and iron, rather than to putin a pierand shorter iron spans ; 
the combination span was, however, built too shallow and 
light, and it fell down in the summer of 1878. As at 
this time iron was very cheap, and the road an important 
one, it was thought advisable to rebuild in one single 
span of iron, rather than to attempt putting in a pier 
with « amall saving in total cost and xn imminent risk 
of delay. ' 

ae span, which we illustrate by our two-page 
engraving this week, was. constructed by the Wrought 
Iron Bridge Company, of Oasiton, Ohio, a firm of which 
Mr. J. Abbott is the engineer, and_it is proportioned for 
a load of 1800 lb. per linear foot exclusive of its own weight, 
which was estimated at 1600 lb. per foot.. The strain 
on the iron with these -loads is taken at 10,000 lb. per 
square inch in tension, while compressive -strains are 
limited to one-fifth of the ca of members - by 


Gordon's formuls, using ratio of to least diameter, 
with 40,000 Ib. as valve of “/” for upper chords and end 





posts, and 36,000 Ib. for the intermediate posts. The 
shearing strains are limited to 7500 lb. square inch, 
and pins are made not less in diameter eight-tenths 


the width of eye-bars. 

The wind or lateral bracing is proportioned for a 
pressure of 30 Ib. square foot of surface, the surface 
being assumed to be one and a half times the area of the 
girder members on one side, increased by an artificial 
surface 5 ft. high throughout the whole length of the 
bridge; the strains on the iron in the wind bracing is 
limited in tension to 15,000 Ib. per square inch. 

The length of span measured on centres of lower chord 
pins is 297} ft., and the clear width between girders is 
18 ft. The main girders are 40 {t. deep on centres of chord 
pins, and are divided into 21 panels, the general plan being 
a triple intersection truss as shown in Fig. 1, the diagonals 
crossing three instead of two panels as is the ordinary 
practice in the United States. 

The upper chords are made of two 15-in. channel bars, 
of varying weights, united by top cover plates 24 in. wide 
in one or more thicknesses, and their lower flanges con- 
nected by crossbars or battens double rivetted at the 
ends ; the chord sections (which are made in two panel 
lengths for two sections at each end, the balance being 
in single panel sections) are united by splice plates 
rivetted to channel webs, all abutting surfaces being 
accurately planed. The end posts (see Fig. 5) are made 
of two compound channels with a 24-in. web plate, in one 
length, and 3} in. angle flanges rivetted on the edges; the 
two channels are united by a 24-in. cover plate, in one 
length, and on the inner flanges by crossbars or battens, 
similar to the upper chords. The upper ends of the posts 
are planed to bevel to fit under the flanges of the upper 
chord channels, and have plates rivetted to the post 
channel webs on the inner faces which abut against 
similar plates rivetted to the inner faces of upper chord 
channel webs ; the pin hole in the post plates is drilled 
larger than the pin to avoid having to lay the post and 
chord section together for drilling, the web of the chord 
channels being reinforced by pin plates. The load is con- 
veyed from the pin through the pin-plates to the end 
posts and an outside plate covers the corner; the lower 
ends of the posts are planed and angle-ironed to wrought 
base-plates. One end of each girder is set on steel rollers 
resting on a wrought bed-plate anchored to the masonry. 

The intermediate posts are made of two channels, 
varying in size from 12 in. to 7 in., the channels have the 
flanges turned outward and are placed 9 in. between their 
backs, they are united by lattice bars on each side, and 
are reinforced and drilled for chord pins at the ends, as 
shown in Fig. 7. The posts are united at their centres by 
a strut made of two 4 in. channel bars, connected above 
and below by crossbars or battens, and secured to the 
post channels by splice-plates on the inside, the centre of 
post No. 3 being connected to the upper chord corner 


up by a pair of bars running to the chord pin at the next 
panel point, thus connecting it with the main chord. This 
method of arranging the chords possesses the merit of 
saving in weight of heads and pins, and also in diminish- 
ing the amount of labour on the bars; the bars from 3 
to 5 are supported at No. 4 by ears on the pin nuts, as 
shown in Fig. 2, and the remaining double length bars 
eM seats and brackets at Nos. 6, 8, and 10, as shown in 

ig. 7. 

The main diagonals are also forged eye-bars, drilled to 
length, and are prevented from sagging or rattling by 
bearing on cast brackets fastened to the intermediate 
posts, as shown in Figs. 1 and 6; the counter rods are of 
square iron with sleeve nut adjustment, and turned eyes 
at the ends ; the suspension rods, No. 2, are of star iron 
with forged heads, and drilled to length. 

The floor beams are of tapering form, made of plate 
and angles, reinforced and ribbed, as shown in Fig. 8, 
and are suspended from lower chord pins by round 
stirrups, which are notched into beam flanges, and run 
through wrought bevelled crossplates below the beams, 
the beam webs being reinforced and drilled for lower 
lateral bolts, as shown. 

The end overhead girders are made of two 3} in. by 
2in. angles for each flange united by lattice web, and 
are secured to the upper chords and end-posts by bolts 
running through lugs rivetted on the girder flanges, as 
shown in Figs. 4 and 5, the sway bars between these 
girders having screw ends, which pass through slots in 
the post channel webs, with bevelled washer and nut 
inside. 

The intermediate top girders are made with tee-bar 
upper flange, and two angles for lower flange, united by 
a lattice web; they are secured to upper chords by top 
plates rivetted to the girder and chord flanges, as shown 
in Figs. 3 and 7; similar girders are angle-ironed be- 
tween posts No. 4, 7, and 10, as shown in Fig. 8, and 
sway rods run from the upper chord pins (to which the 
top laterals are also attached), through the lower end- 
plate, and between the angles of the upper girders (as 
shown in Figs. 7), through the post webs and upper end 
angle of the lower girder, with washer and nut inside, as 
shown in Fig. 8. 

The lateral rods, both upper and lower, are made with 
forged and drilled heads, and have sleeve nut adjustment 
to stiffen the floor beams and intermediate top girders. 
Longitudinal rods are run from the crossing of the end 
laterals, as shown in Fig. 3, in two panel lengths, with 
sleeve nut adjustment, and are secured by jam nuts on 
enlarged screw necks to the centres of floor beams and 
girders, a single rod being used below on the floor beams, 
and two rods above for the top girders, as indicated in 
Fig. 8. 

The following is a record of some tests made on the 
bar iron used in this bridge: 
































Test-Neck. Breaking Percentages of 
Original Size of Bar. Strain per 
Square 
Length. Size Inch. Elongation. | Reduction. 
’ F | in. square in. Ib. 
2 in. by1 in. flat ove eee eee eve ves 174 2.0 55,447 12.5 31.7 
3 in. by] im. 45 ae ake “eo eve ese 10} 0.442 48,586 15.1 30.5 
4 in. byl in. ,, ... . 9.9 0.442 | 49,937 11.3 30.5 
3 in. byl in. ,,... 8.0 0.442 55, 18.7 30.5 
2 in. byl in. ,, ... 10.0 0.442 52,633 20.0 33.9 
3} in. by 14 in. ,, . 8.1 0.442 | 52,633 17.8 37.3 
4 in. by lyy in. ,,..- 5.0 0.442 51,285 22.5 34.0 
1) in. square | 4.8 0.442 | 55,333 26.3 37.3 
ljin. ,, 5.0 0.785 52,433 20.0 26.1 
13 in. round ... 4.0 0.785 53,192 18.7 23.5 
5 in. by yy in. flat 7.1 9.601 | 55,675 20.2 26.5 
5 in. by ly, in- ,, 7.5 0.994 51,308 16.7 21.0 
14 in. square ... sa 5.6 0.785 | 54,333 26.7 43.7 
5 in, by ly in. flat as 7.5 0.785 | 53,573 14.9 28.8 
4in. byljin.,, 2.0 0.601 53,687 25.0 26.3 
1 in, square .. 5.1 0.442 60,408 18.8 30.6 
Ijin. ,, ove eee ese ob oe oes eee 5.7 1.227 52,992 31.6 43.8 
Average result from seventeen specimens 4 53,479 ove 








pins by two rods having sleeve nut adjustment, as 
shown in Fig. 6. This plan of holding the posts at the 
centre from the ends of the upper chord makes it im- 
possible for the posts to bend in a longitudinal direction 
(except in two lengths) which is the direction it would 
take in turning on its end pin bearings, so that its capacity 
can be assumed to be that of a post having two round 
ends, and a length equal to half the truss depth. Or if 
the round end column be considered as having the same 
strength as a square ended column of the same dimen- 
sions and of twice the length, the practical result of 
holding the columns is to neutralise the effect of a pin 
bearing at the ends, which experience with this and many 
other bridges, as well as experiments on columns held in 
the manner described, has shown to be within the limits 
of safety in calculation. 

The lower chords are forged eye-bars drilled to length 
and united by turned pins ; they have the novel arrange- 
ment shown on an enlarged scale in Fig. 2. Beginning 
at the end, the bars are made in sets of two panel lengths, 
except for the odd centre panel, and the horizontal strain 
from the main diagonals at points 4, 6, 8, and 10 is taken 








The total weight of ironwork in the bridge is about 
360,000 Ib., and the time employed in its construction 
and erection was about seventy-five days. The complete 
cost of the superstructure erected ready for travel, 
including flooring and engineering expenses, did not exceed 
20,000 dols. 


THE STRENGTH OF RAILWAY BRIDGES. 
To THE EpIToR oF ENGINEERING. 

Srr,—I am disappointed at seeing that Professor Kennedy 
does not cquese of the new method of calculating the 
8 railway bridges. In matters of reform the 
support of men in positions like his is invaluable. But I 
hope he will modify his views, for he evidently misunder- 
stands what Woéhler has written. Wohler’s law is trans- 
lated as follows : 

Mi el yee ag te 
many times . range 
im iit the bool yee of the limiting iti es << 
continuity. absolute 
i of tainenss, cate 3 50 : as with increasing strains 
range w brings about rupture is diminished. 
ry Brofeasoe Kennedy seems not to have understood 
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-AUGHERY CREEK, AT AURORA, INDIANA, U.S.A. 


IDGE CO} CANTON, OHIO, U.S.A.; MR. J. ABBOTT, ENGINEER. 


Description, see Page 222.) 
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the words which I put in italics, for he‘ says that Wohler 
showed the following : 

If a bar, which is strained between 0 and 10 tons (range 
10) breaks at 10 tons, it also would stand 20 tons if strained 
between 10 and 20 tons (range again 10). Neither Wéhler, 
Professor Spangenberg, nor Gerber, Professor Launhardt, 
Dr. Weyrauch, Schiffer, Dr. Winkler, with others, ever 
made such an assertion. 

Launhardt’s formula, which embodies Wohler’s experi- 
ments at least in their extreme results for tensile strains, 
and only slightly differs from them between the extremes, is: 


A=T 1+4¢ 


where A is the strain which breaks the bar when alternated 
with C, and U the strain which breaks a similar bar when 
alternated with 0. Putting now, according to Professor 
Kennedy’s example, A=20 and C=10 we find U=14.1; 
that is to say, a wrought-iron bar, which breaks when 
repeatedly strained between 10 and 20 tons would also 
break when thus strained between 0 and 14.1, and not, as 
he puts it, between 0and 10. On the other hand, a wrought- 
iron bar (of smaller area) which breaks when strained re- 
peatedly between 0 and 10 tons, would also break when re- 
peatedly strained between 10 and 15.4 tons, and it would 
not bear strains between 10 and 20 tons. 

It has likewise not ‘‘ remained unnoticed’’ in these ex- 
periments, which have been carried on with great circum- 
spection ever since 1859 up to the present time, ‘‘ that at 

e higher limit of, say, 20 tons, the material cannot have 
been its original length, but must have been permanently 
stretched,’’ or that bars were perfectly elastic under a load 
equal to nearly the load which broke them, for in 1866 
Wohler writes (Z. F. Bauwesen, p. 71): 

** Bars which were strained beyond the limit of elasticity 
received accordingly a permanent set; this, however, oc- 
curred, as a rule, within the first hours and then remained 
constant in this way, that subsequently the bar lost nothing 
of its elasticity up to actual fracture ; only in some cases a 
still greater set occurred before actual fracture. The ap- 
proach of fracture does not, therefore. manifest itself by a 
diminution of strength, but the latter is immediately before 
actual fracture still as great as in the sound bar.’’ 

The above formula was modified by Launhardt for the 
calculation of structural parts and adopted by Weyrauch 
for strains in both directions, regard being had to casual 
increase of the greatest strain, in this form 


A=U (2 +42 ): 
A 
C and A are here not the forces acting in the bar, but strains 
min. force__ 
——____ =—, and 
max.force A 


pairs A=afand U=uf, f being factor of safety, we 
ave: 


per square unit ; nevertheless, since 


1+} min. force. 
max. force 

I have adopted it because its application is simple, and 
further, because it not only agrees with the best practice 
already established in the main points, butit is also more ex- 
tensive inits application. For example, an American specifi- 
cation of 1877, rules that a factor of safety of 3 be 
applied for dead load, wind, and changes of temperature, 
and of 8 for rolling loads. This comes very near the 
sense of the formula, but it disregards the probability of 
parts being alternately in tension and compression—which 
the formula does not. 

A specification of the present year gives a sort of list of 
parts with the admissible strains, according to which, for 
example, the main diagonals have the figure 10,000 lb. per 
square inch, while the counter rods have 8000 lb. Here 
every diagonal down to the counter rods should have a 
different figure, and these figures should again be different 
from those for flanges and floor girders, &c. All this 
could be expressed by merely putting into the specification a 
formula of tLe above description. 

The formula certainly thas defects; for example, the 
factor } might with good reason vary for various parts 
according to their being more or less subject to impact ; 
it also has other imperfections which, however, cannot be 
removed until the experiments are more specialised and 
extended, but as’experiments will probably never cease to be 
made, the question is, how long shall we wait? I think, 
Sir, itis high time that something should be done in earnest 
to establish sounder rules for the calculation of strength of 
railway bridges than those now in use, and I believe that 
if Parliament would take the matter in hand, we should 
arrive at results based upon our present knowledge which 
would not be unsatisfactory. 

I am, Sir, yours respectfully. 
y M. am ENDE. 

3, Westminster Chambers, Victoria-street, 8.W., 

London, March 17, '1880. 


CONTINUOUS GIRDERS. 
To THE EDITOR oF ENGINEERING. : 

Srr,—The means proposed by Mr, Herbert Barfield, in 
his letter in ENGINEERING of the 27th of February last, 
to obtain graphically the bending moment from any given 
point of a continuous girder, based on the proposition of 
Mr. Cotterill, published in ENGrngERING of January 8, 
1869, proves more clearly and more in harmony with the 
knowledge generally possessed for this class of calculations, 
according to the statement in the third paragraph at pages 
87 and 38 of the interesting and well-known work ‘‘ Théorie 
élémentaire des poutres Droites,’’ published by Mr. Ed. 
Collignon, Paris, in 1865, four years before the proposition 
of Mr. Cotterill saw the light. : 

In fact, the expression of the bending moment of any 
point of a straight girder is : 


w= Mee w= Ss P +b pe P (lend —?). 
k—1 


a=U 














in which M;—; is the bending moment on the first pier of 
the span considered, M,; that on the second, J the separa- 
tion between the two, pz_1 the load by unity of longitude, 
and 9 the abscissa of the point sought. 
In the said expression, the term 
My—1 (le—1 — 9) + Me P 
f= tight line, which at the points 
represents the ordinates of a rig e, which at the poin' 
a and b, corresponding to ?=0and Y=1, equal respectively 
Aa=M,_; and Bb=M; ; and the term _ 
4 pe-1 ? (4-1-9) 
expresses the ordinates of a parabola equal to the bending 
moments of each point for the independent span. 











Consequently, the value of M is the algebraical sum of 
these two classes “of ordinates. But, as the bending 
moments corresponding to the piers are always negative, 
it results that the value of M is the difference of the abso- 
lute values of the two parts. / 

These differences of absolute values will be doubtless the 
parts of ordinates comprehended between the parabola 
A CB, and the right line a! 6' drawn by the points a’ and 
b' found by taking Aa'=A aand Bb'=Bo. 

The result, therefore, is that the proposition of Mr. 
Barfield may be said to be not only not new, but his style 
of proving it is uninteresting. 

I am, Sir, your obedient servant, 

Barcelona, March 8, 1880. AnTo. Sansy GARCIA. 








THE TAY BRIDGE. 
To THE EDITOR OF ENGINEERING. 

Sir,—Could you not induce Mr. Barlow to have experi- 
ments made with pieces of the rivetted work of the fallen 
Tay Bridge? The writer believes that here is a chance as 
perhaps will not be presented in a long time to come, to 
show to the profession by figures that the results of scientific 
experiments on rivetting are deluding and misleading to 
the utmost. In fact the writer has samples of rivetting in 
his possession taken from great works illustrated in your 
paper, which had to be cut out after only three weeks of 
use of the structure, when in some girders every individual 
rivet in the tensile flanges had to be removed, the rivets 
so removed being found to be either not filling the holes 
or cracked or with misplaced heads. 


Yours truly, 
Wandsworth, March 16, 1880. xx 








INCRUSTATION AND STEAM BOILER 
EXPLOSIONS. 
To THE EDITOR oF ENGINEERING. 

S1r,—You kindly inserted my letter of February 6th in 
your paper, and [ am sorry to see that the subject has passed 
away again without being much noticed. 

In your issue of the 5th inst. you printed a report by 
Mr oh B. Marten, which proves in cyphers the sad correct- 
ness of my assertions. Under the detailed causes of explo- 


sions we find : 
“— en. ae oo. 
Inte: corrosion j P 
Faults which could be ee by i 
reven y atten- 
Seats te TE ge 8 9 30) attendance. 


16 16 37 
Non - inspection (ex- 
ternal corrosion) ... 8 8 10 


Total... joo) 8 24 47 

Showing that four-fifths of boiler explosions which occurred 
in 1879 are attributable to negligence, oversight, or igno- 
rance, as according to Mr. Marten’s report thirty explosions 
took place in 1879. (In fact, the remaining fifth of ex- 
plosions comes under the above three denominations, but 
~ last letter dealt with the ‘‘ men’’ only in attendance on 
boilers.) 

I do not mean to say that all these twenty-four explosions 
would have been avoided if the state of affairs had been 
remedied according to the idea expressed in my letter of 
February 6th ; everybody knows ‘‘ oversights” do happen 
now and then, cause inconvenience, and may prove 
disastrous, but nobody can deny that the majority of these 
accidents would have been prevented, i.¢., would not have 
oceurred if ‘‘ nothing else than a little more care’’ had 
been exercised on part of the boiler attendants. 

Mr. Marten states in his report that boiler explosions can 
be prevented, as “‘boiler inspection is the best means of 
preventing explosions,’ and he will also admit, I think, 
that if the boilers to be inspected were always free from 
incrustation, his men would be able to make a more thoroug 
examination, and their work would accelerated and 
greatly facilitated. Why not then find a good remedy to 


prevent corrosion and scale from amongst the host of 
existing remedies, and facilitate the tive of explosions, 
‘‘inspection,’’ and thus make it an ‘‘ impossibility 


of explosions’’ instead of a preventive ? 
Several boiler explosions have already occurred this year, 





and although their number is small in comparison to 
last year’s, the loss of life and limb surpasses already in 
the three first months of 1800 the number of killed and 
injured in twelve months ef 1879, and lam afraid if 
energetic steps are not taken, Mr. Marten’s valuable annual 
reports on this subject for 1880 will not compare favourably 
with the report for 1879. 
Maurice ScHwas. 


Manchester, March 17, 1880. 


“A HYDRAULIC NOVELTY.” 
To THE EDITOR OF ENGINEERING. 

Sre,—It seems necessary to inform your correspondent 
Pra that the velocity of the water at the most reduced 
part of c is constant whatever the area at that may be, 
and is simply dependent upon the difference between the 
levels of the water in the vessels A and B (Fig. 1, page 167). 
(This is simply a statement of the law of hydraulics to the 
effect that the velocity of water under pressure flowing 
from an orifice depends only on that pressure.) Therefore 
the velocity at that part is the same whether the tube c be 
there or not, and consequently the level of water in d when 
at that part is the same as the level in B. 

As I have now given two independent proofs showing the 
absurdity of the ‘‘ novelty’ I shall consider it quite un- 


necessary to write further on the subject, for if sorwill 


not be convinced, I cannot convince him. At the same time 
I leave it to your readers to form their own opinion. — 
Before concluding, allow me to remind your correspondent 
that it is scarcely considered correct to throw a ‘‘ viz.” 
into the middle of any sentence one’s fancy may select. 
I am, Sir, yours truly, 


12, Lincoln-street, Leicester, March 16, 1880. 


SCREW PROPULSION. 
To THE EpIror or ENGINEERING. 
Sir, ~The useful by Mr. A. J. Maginnis in your 
issue of Feb. 27th, elucidates in a manner the effect which 





ADo. 





the screw has on the steering a ship. The theory advanced 
in one part of the article being op; to what I consider 
to be actually correct, I beg to address you on the subject. 


The writer argues that the ascending blades experience less 
thrust than the descending blades in the case of a vessel 
steaming slowly ahead, and that when steaming at a 
moderate or full s: ahead, thrust is increased on the 
ascending blades in greater proportion than on the de- 
scending blades, the effect rs that when a vessel is 
steaming slowly ahead her h goes to port, and that 
when steaming moderately or at full speed her head goes 
to starboard. I presume that the above theory was ad- 
vanced in support of what actually took place at a practical 
trial in motionless water. 

The foregoing statement I deal with as follows : Suppose 
a vessel be held stationary, the screw as it revolves dis- 
plnese on nee 17 of water, and yey wd 
getting a fresh supply. is generally agreed that the de- 
scending blades receive greater thrust than the ascendin, 
blades, as they are not exposed to the same conditions o 
lifting the water. The lifting moment is increased with 
the speed of the blades through the water, as also the 
thrust on the descending blades is increased in like manner. 
Now if the vessel be released the moment of thrust will 
decrease almost uniformly on each blade as the revolutions 
increase, the transmitted horse power remaining constant, 
each blade of the propeller still acting on the water with 
the same uniform momentum as before. If this is true 
Mr. Maginnis’s theory that the total ventral momentum of 
thrust is changed from one side of the disc area of the pro- 

lier to the other cannot be true. So — conditions 

ve to be considered, that a firm line cannot be drawn as 
is drawn in that part of the article to which I take ex 
tion, viz., the conditions of immersion, build of hull aft, 
the angle of centre line of shafting longitudinally, &. 


DREW YOUNG. 
Hull, March 9, 1880. 





Socrrety or Arts.—The following are the papers to be 
read at the meetings of the Society of ,Arts after Easter, 
so far as the arrangements are Fn Mam ang April 2, 
‘* The Best Route for a Line of ilway to India,” b 
B. Haughton, C.E. April 6, “Art in Japan,” by ‘ 
Pfoundes. April 7, ‘‘ Buildings for Secondary Educational 
Purposes,” by E. C. Robins, ¥F.S.A., F.R.1.B.A. April 8, 
** Recent Improvements in Benzine Colours,’ by \F. J. 
Friswell, F.C.S. April 14, ‘‘ The History of the Art of 
Bookbinding,’’ by Henry B. Wheatley, F.S.A. April 16, 
‘* Russia’s Influence over the Inhabitants of Central Asia 
during the last Ten Years,’’ by Prof. Vambéry. April 21, 
“The Present System of Obtaining Materials in use 
Mens 4 Painters, as compared with that of the Old 

ters,’’ by W. Holman Hunt. April 22, ‘“‘ Onsome Re- 
cent Advances in the Science of NS acta »”’ by Captain 
Abney, R.E., F.R.S. April 27, ‘Iceland and its Re- 
sources,” by C. G. W. Lock. April 28, ‘‘ Recent Improve- 
ments in Gas Furnaces for Domestic and Laboratory 
Parposeg,’’ by Thomas Fletcher. May 5, ** The last Forty 
Years of Agricultural Experience,”” by John C. Morton. 
May 7, ‘‘The Present Condition and Prospects of Agri- 
culture in South India,” by W. Robertson, M.R.C.A. 


h | May 13, ** The Optical Properties of Crystals, and some of 


lications,’” by Professor W. G. Adams, 
F.B.S. Cantor Lectures, which will 
delivered during the same period, will be the third for the 
t session. It will consist of six lectures, by Mr. R. W. 
is, F.S.A., on “‘ Art Decoration and Furniture,” to be 
e7 on the following dates: April 5, 12, 19,26; May 
, 10. 


their Practical App! 
Th 








SO RETO 


= wera 























[Marcu 19, 1880. 





























o 
Z 
4 
(2) 
w 
Z 
oO 
Z 
a) 













































































































































































0.006 b- 





6/9566 gO}\o| a 




















‘Ong 





























(61g 240g aas ‘uondisosag 40,7) 
MOLOTUIG ONIOVNVA ‘NMOUD SATUVHO ‘UN ‘YOHLUALNIA ‘SHUOM ANIONA GNV AAILONOOOT SSIMS AHL LV GALONULSNOO 


‘ANVIYUAZLIMS JO AVMTIVY IVNOILVN QHL YOd AAILONOOOT ANVIL dO STIVLAG 














Marcu 19, 1880.] 


ENGINEERING. 





225 








KIRK AND HUNT'S FEATHERING SCREW PROPELLER. 


AS APPLIED TO H.M.S. “CARYSFORT.” 





Fig.?. 





























Few mechanical arrangements have called forth more 
variety of invention than feathering screws, More 
than twenty years ago much ingenuity was spent on 
them, and some practicable arrangements, particularly 
Maudslay’s, were fitted to several ships. These last 
worked very well and would have been thoroughly 
successful, but that barnacles grew amongst the working 
parts, and they were really only practicable when fitted as 
lifting screws as well as feathering, so that they could 
be raised from time to time and cleaned. Lifting screws 
have been in use in the Navy almost from the first in- 
troduction of the screw propeller, but the trunk and 
well frame are complications which weaken the stern so 
much, that when the Carysfort was built, the Admiralty 
resolved to adopt a feathering screw. In the screw 
adopted, which was designed by Mr. A. C. Kirk and Mr. 
Edmund Hunt, of Glasgow, all the working parts are 
enclosed in the boss, so as to exclude barnacles, and 
the feathering is done from the inside of the screw 
tunnel. As will be seen from the engravings we 
annex, the blades are two in number, each turning 
in two bearings B and C. The importance of there 
being two bearings some little way apart will be 
evident when we reflect that these journals cannot be 
tight fits in the sockets, but must be slack enough to turn 
easily, while the strain is exerted at a considerable 
leverage, tending if the bearing is short to jam the 
blade in its socket. Each blade has an arm or lever A 
cast in a piece with it with a ball and socket joint pin 
coupled by links to ball and socket pins in the lever E. 
Thus when the lever E E is turned, the links acting on 
the levers A turn the blades from their working position 
to the fore and aft position for sailing, and vice versd. 
The lever E E is fixed on the end of an internal shaft 
passing through the stern shaft, and is turned by a 
wormwheel F and worm contained in the coupling. 
When in the working position, a stop G comes against 
the head of one of the large bolts, so that by screwing 
the worm till the blades and their stoppers are forced 
hard against the heads of the bolts all spring is removed, 
and the blades cannot work under the very varying 
strains that come on them in the course of a revolution. 
The boss is formed in three parts, the main part G G 
being keyed on the shaft in the usual way, and extending 
as far as the centres of the screw blades. The portion 
HH is bolted on to this forming a cap over the journals 
of the screw blades, while the part K is merely a light 
cover to protect the machinery from barnacles. 

The Carysfort by the help of this screw lately under- 
went at the Maplin Sands an exhaustive set of trials at 
Various speeds and pitches of screw. The screw and 
boss were constructed of gun-metal, and the hollow shaft 
of Whitworth’s fluid compressed steel. 








HUNGARIAN RaILways.—The express train service on 
the Hungarian railways is being extended. A new express 


is to be run from Vienna to Pesth and Kaschan. 














THE PURIFICATION OF GAS. 

Ar the meeting of the Institution of Civil Engineers, 
held on Tuesday, the 9th of March, Mr. W. H. Barlow, 
F.R.S., President, in the chair, the poner read was ‘On 
the Purification of Gas,’’ by Mr. Harry Edward Jones, 
M. Inst. C.E. In dealing with the general subject, the author 
placed the purification of bisulphide of carbon in the fore- 
ground. The late Dr. Letheby, in 1860, was responsible for 
the introduction into an Act of Parliament of a limitation to 
20 grains of this impurity per 100 cubic feet of gas. Until the 
year 1866, no such limitation had been put upon companies 
outside the metropolis, and since then it had only been im- 
posed in important towns. Such limitations were nowhere 
enforced or respected. Dr. Letheby had an opinion that 
it was only necessary to resort to the exclusive use of lime 
as a purifying material; nevertheless it was unsuccessful 
when adopted in the works of the late Ratcliff Gas Com- 
pany, an average for two years (1875-6) giving 28 grains 
per 100 cubic feet. In January, 1872, the gas referees 
reported the impossibility of fixing a limit. In 1877, the 
failure of the simple lime process led to the adoption of a 
different plan ; the carbonic acid was carefully eliminated. 
Success was, however, only occasionally attained, and the 
condition of the gas at the outlet of each purifier in the 
series was in consequence carefully tested and recorded day 
by day. These tests would have been a formidable busi- 
ness, but for the introduction at that time of Mr. A. 
Vernon-Harcourt’s colour tests. It was found that though 
carbonic acid was never allowed to pass the first purifier of 
aset of three vessels worked consecutively, it was only 
possible to keep the sulphur low when the third purifier 
was receiving a considerable quantity of sulphuretted hy- 
drogen. Further, that so soon as the first vessel was 
taken off for the necessary replenishing the sulphur rose 
many grains, and did not fall until the replenished purifier 
had been put to work again as the third vessel, and its con- 
tents had received more sulphu drogen. This 
action was illustrated by a table and diagram, as was 
also the action of a series of four lime purifiers. The ad- 
vantage of further carbonating the lime, on works which 
were closely surronnded by dwelling houses, led to the 
adoption of the Beckton system. As it became unmistak- 
able that sulphuretted hydrogen was mischievous when in 
excess, arrangements were made for abstracting it as it 
left the carbonic acid system of purifiers, by interposing 
oxide of iron. This was carried out with marked improve- 
ment, and the effective life of the sulphide of lime was 
much prolonged. In practice, both for the relief of back 
pressure, and for facility in ——— a sulphide-of-lime 
purifier, the carbonic acid set of purifiers should yield the 
following results : 


Crude Gas. A. B. C. D. 
Grains per 100 cubic feet. 
Sulphur 40 SS 46 0. 2B 
Carbonic acid 410 300 40 
Sulphuretted 
hydrogen 800 900 400 


In this state of things the sulphur was generally 25 per 
cent. below that in the erude gas. 

There was great advantage in exposing the material in 
the sulphide-of-lime purifiers to a current of air, Two 
purifiers at the Wapping Works of the Commercial Gas 


Company, which had become ineffective, were opened, the 
lime examined, sti up, and put back, and they after- 
wards worked for nine and eight months —— >» and 
did tenfold more work than previously. @ prejudicial 
effect of cold in the reduction of sulphur in the carbonic 
acid system of purifiers, and the beneficial effect of the ap- 
plication of heat from the exhaust steam of an engine, 
were then ed to. No advance had been made in the 
direction of purifying in closed vessels with liquid agents. 
Mr. G. T. Livesey succeeded in eliminating the car- 
bonic acid to 0.5 per cent. in volume, by the use of rough 
caustic ammonia liquor. The tar should be separated from 
the gas immediately on leaving the hydraulic main. The 
author allowed the gas to leave the condensers in summer 
at no higher temperature than that of the atmosphere, and 
in winter, than 40 deg. Fahr.; in the former case the 
scruboers usually reduced the to the temperature of 
55 deg., and in the latter raised it to 45deg. From the 
author’s practice with water condensers he had found, in 
one type, that 1000 enbic feet per diem could be treated by 
0.5 square foot of water. The result of condensation on 
the quality of the gas was then stated. . 

The purification of crude gas from ammonia proper was 





next referred to. The process waseasy. The essentials 
were contact with extended superficies of water, or such 
concentrated inti as involved frictional resistance to 


the gas, and the ultimate exposure of the gas to pure 
water. No sooner was lime substituted for oxide of iron 
in the scrubbers, than ammonia appeared in the clean gas ; 
this had been lessened by the addition of oxide-of-iron catch 
purifiers, and removed by a small quantity of sulphuric 
acid and sawdust in the last catch purifier. The cost of 
ammonia purification was very small, the particulars of 
which were stated. 

Sulphuretted hydrogen was easily removed by lime, oxide 
of iron, peroxide of manganese, and sulphate of iron. 
these purifiers lime was the best, and oxide of iron the 
cheapest and least offensive. Oxide of iron, sulphate of 
iron, and manganese, converted the sulphuretted hydrogen 
on exposure to the air, into free sulphur, becoming oxides 
again, and being, as it was called, revivified. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Brown, Bayley, and Diwon, Limited.—The annual report 
of the directors of this company has this day been issued. 
The directors say that owing to the extraordinary difficulties 
in trading during the past year, the accounts, after providing 
for interest on loans, &c., show a balance to the debit of 
profit and loss account. The loss in the year’s working is 
about 10,0001. ; 50,0001. has been repaid in 6} years to the 
depreciation fund, and the directors believe that were the 
works now revalued, it would be found that amount had 
been over-estimated. The directors further report that 
the recent improvement in trade is now being beneficially 
felt by the company, every department of the works being 
in full operation, and the management look with confidence 
to the results of the present year’s working. 


The New Asylum at Hull.—The Asylum Committee in 
connexion with the Hull Corporation has met and practi- 
cally adopted plan marked ‘‘ Lucidus Ordo’’ for the new 
asylum which is to be built in the borough at a cost of about 
50,0001. The accommodation will be for about 420 beds. 


Improvements in Large Towns on the German System.— 
At a meeting of the Leeds Architectural Association held 
this week, Mr. F. Linn Somerville, of Manchester, spoke 
on the subject of ‘‘ the adornment of towns.”’ After illus- 
trating town improvements in Germany, the speaker asked 
‘* Why if a small German town is public spirited enough to 
carry out so many improvements cannot we, the inhabi- 
tants of large, wealthy English manufacturing towns, 
follow their example and endeavour to give a charm and 
interest to our uninviting-looking thoroughfares and 
public squares.’” The meeting appeared to be of the 
opinion of the lecturer. 


William Jessop and Sons, Limited.—This firm, with a 
subscribed capital of 384,350/., has to-day issued its fourth 
annual report. After paying interest on mortgage loans, 
&c., there remains a net balance of 17,9601., from which itis 
proposed to deduct 6001. in reduction of the formation ex- 
penses, 40001. for depreciation in machinery and buildings, 
and to declare a dividend of 30s. per share, amount- 
ing to 11,5301. 10s., being at the rate of 5 per cent. for the 
age on the called-up capital, leaving a balance of 18301. to 

carried forward to the next account. The sum of 
25,0001 has been paid in reduction of the mortgage loan. 








NOTES FROM THE SOUTH-WEST. 

Swansea.—Iron has remained very ee during the past 
week. There is no falling off in the briskness of the 
various iron works in the district but prices are weaker, 
and the market generally is wanting in firmness. Parcels 
are being offered by second holders considerably under 
makers’ figures. The recent drop in Scotch pig has also 
affected the local markets. The imports of iron ore during 
the past week, especially on behalf of the new Swansea 
Blast Furnace Comptes have been considerable, no less a 
quantity than 7412 tons being delivered, principally by 
steamers. 

Cardiff.—During the past week trade has been brisk, 
especially as regards , which ,is still in good demand. 
The exportation of this article for foreign ports was 47,249 
tons in excess of the shipments of the previous week. 


Bristol Zromwors— A contract for the Hotwells and 
Horfield extensions been let, and the construction of 
these lines will be immediately commenced. The directors, 
some months since, anticipating a rise in the price of steel, 
purchased at low rates for forward delivery the whole of the 





rails necessary for the company’s authorised extensions, and 
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AY. expend 7 sgital. > at the 
importance of the i e use of mec’ 
on tramways, the directors have determined to wel the 


necessary license, which ant . 
mean time, the directors have opened ———— with a 
view to hiring engines, as, pending the ement of many 
practical questions, they do not deem it advisable to 
purchase them. 

Newport.—The import trade, as well as the export trade, 
was brisk last week. Iron ore arrived to the extent of 
12,434 tons, being about one-third of the quantity landed 
in the previous week. The | gt of iron —_ was 
3026 tons ; and of coal for the oversea ports 19,085 tons 
There is every indication of a large trade in iron being 
carried on for some time. 

The Ajaz.—The turret ship Ajax was successfully 
launched from Pembroke Dockyard, on Wednesday, in the 
presence of a vast number of spectators. She was com- 
menced four years since, and is one of the heaviest war 
_- in the world, carrying four 38-ton guns in her turrets, 
and two 6-in. guns on her superstructure decks. The total 
weight of the armour plates, including the armour to the 
turrets and thick protective deck plating, is about 2418 
tons. The armour plates in the turrets are 16 in. thick in 
wake of , and 14in. elsewhere. This armour will be 
compound steel-faced armour, which has recently been 
found by experimental tests, by being fired at, to a 
very much more effectual resistance to shot and shell than 
the armour plates which have been used =o the present 
time. The Ajax will also have an armour shield, composed 
of armour plates 12in. thick, situated in the chart house 
or conning Sewer, which is built in an elevated position at 
the fore end of the citadel, in a line with the bridge, com- 
municating between fore and after superstructure decks. 
This shield is to afford protection to the captain of the 
ship, who will conduct the whole working of the ship 
from this look-out, by means of telegraphs and voice-tubes. 
He will also be able to steer the ship himself, by means of 
steam, although the steam-steering engine itself is right 
away aft, below the armour deck. He will also give his 
commands to the captains of the turrets, and fire the guns 
by electric wires. In fact, nothing will be done in any part 

the ship, when in action, except under the direct com- 
mand of the captain in this tower. The Ajax was designed 
by the Council of Construction at the Admiralty, and will 
in a day or two be taken to Hobb’s Point, where she will 
receive her machinery, boilers, &c., and will be otherwise 
forwarded for completion. This will probably occupy some 
two months, when she will be sent to Chatham, where she 
will receive her armament, and will be completed for sea. 
Another such launch as that of the Ajax will not again 
take place at this dockyard for some four or five years, the 
Majestic having only been laid down within a compara- 
tively brief period. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MiIppLEsBRovUGH, Wednesday. 
The Cleveland Iron Trade.— Yesterday there was a 


attendance on ’Change at Middlesbrough, but like the | pack to 


previous Tuesday there was next to no business done, the 
conversation being almost exclusively confined to politics. 
It was ascertained that Messrs. Connal and Co., the warrant 
storekeepers of Middlesbrough, had a stock of 102,920 tons. 
Although the number of blast furnaces in operation in 
Cleveland has been increased recently, there is still a 
difficulty in obtaining pig iron in sufficient quantity. The 
Glasgow market has however fallen lately. It has been 
rumoured that the demand for pig iron on American 
account has to a very large extent ceased, and this has had 
the effect of depressing prices. Makers are not anxious to 
sell, but merchants are ready to do business at 55s. per 
ton No. 3, and have indeed disposed of parcels at 1s. per 
ton below that figure. 


The Ainthorpe Iron Werte —-Desing the past week the 
Ainthorpe Iron Works, Middlesbrough, which were pur- 
chased by Mr. Edward Williams, the Presi ent of the Iron 
and Steel Institute, have been put into operation. Two of 
the six blast furnaces have been blown in, and preparations 
are being made for restarting the others. 


The Finished Iron Trade.— Business is rather weaker in 
the finished trade. There are fewer inquiries, and 
merchants {are selling at quotations that manufacturers 
cannot agree to. Ship plates can now be had at 8l. 1is., 
common bars at 7/. 15s. to 8l., and puddled bars at 
51. 12s. Gd. Twoor three of the works in the North of 
England, which have been standing idle so long, have re- 
cently been recommenced, and it is h that they will 
be kept fully going this year although there are fears that 
orders will be difficult to get. 


The Stranton Iron and Steel Works.—-Yesterday at the 
Exchange, Middlesbrough, the Stranton Iron and Steel 
Works and the West Hartlepool Iron Works were offered 
for sale by public auction. There were no bids for either 
of the works and consequently there was no sale. 


Engineers and Shipbuilders.—Engineers in the North 
are fairly well employed and some of the marine builders 
are exceedingly busy. Bridge builders have a fair amount 
of work on hand. There are some splendid steamers in 
course of construction on the Tyne, Wear, and Tees. The 
difficulty with the men at the shipyards at Stockton and 
the Hartlepools is being arranged. Each firm is dealing 


separately with their own men, and matters are conse- 
quently being amicably settled. 

The Resources of the Cleveland Ironstone.—At the 
monthly meeting of the Cleveland Institution of Engineers 


held at Middles' h on Monday night a Mr. G. 
Barrow, F,G.S., on resouroes of the Cleveland ronstons 
was read. The paper stated that there were two distinct 
classes of stone in Cleveland. All the stone was 
found at Eston, Upleatham, and in the Skelton and Hunt- 
cliffe district. At Eston there were 86,400,000 tons of 
stone, at Normanby 8,300,000 tons, at Ormsby 2,600,000 
tons, and at Dimsdale 3,250,000 tons. Taking the output 
as at present Eston would be exhausted in 75 years, Nor- 
manpby in 8 years, and Ormsby in 15 In the Up- 
leatham district there were 36,100,000 tons, the duration 
of which would be about 25 or 30 years. At Huntcliffe 
there were 173,000,000 tons, which would last about 80 
years. There were about thirteen miles of poe stone, 
and something like 130 years would exhaust it. 





NOTES FROM THE NORTH. 
Giasecow, Wednesday. 

Glasgow Pig-[ron Market.—Last Thursday’s warrant 
market opened depressed, and was i throughout the 
day, and prices, although above the lowest point, closed 
1s. 3d. per ton under those of the previous day. Business 
was done in the morning at 59s. 7d. down to cash, and 
at 60s. to 59s. 3d. one month, buyers at the close offe 
59s. and 59s. 6d. cash and one month Saeeney. ani 
sellers asking 13d. per ton more. In the afternoon from 
59s. 3d. to 58s. 6d. and then to 59s. cash, and from 59s. to 
59s. 6d. one month were the quotations, and the market 
closed with buyers at 59s. cash and 59s. 6d. one month, and 
sellers 3d. per ton higher. The market was a little stronger 
on Friday, and a fair amount of business was done, but 
the close was weak, and the day’s gain was ultimately lost, 
and the week closed with prices 1s. 6d. per ton lower th 
on the preceding Friday. There were transactions —— 
the forenoon at from 59s. to 59s. 74d. cash and from 59s. 6d. 
to 60s. one month, closing sellers at 59s. 4d. cash and 
59s. 104d. one month, and buyers 14d. less. Business was 
done in the afternoon at 59s. 4}d. to 59s. 14d. cash, and 
from 59s. 10}d. to 59s. 6d. one month, the market a. 
with buyers at 59s. cash, and 59s. 5d. one month, 
sellers lid. over. Monday’s market opened dull, and 
rices had a further decline, closing ]0jd. under those of 

riday. In the morning business was done at 58s. 9d. to 
58s. 6d. cash and at 59s. 3d. to 59s. one month, the close 
being sellers at 58s. 7}d. cash and 59s. one month, and 
buyers offering 14d. under. The quotations in the after- 
noon ranged from 58s. 6d. to 58s. 3d. cash, and from 59s. 
to 58s. 9d. one month, and the market closed with sellers 
at 58. 3d. cash and 58s. 9d. one month, and buyers offeri 
1$d. per ton less. Yesterday’s market likewise open 
dull, and prices suffered a decline to the extent of 1s. 4}d. 
under the closing price of the previous day. Iron changed 
hands during the forenoon at from 57s. 9d.—6d. down—to 
57s. 6d. cash, and from 58s. 14d. to 58s. one month, the 
market closing with sellers at 57s. 74d. cash and 58s. one 
month, and buyers 14d. less. Prices declined further in 
the afternoon from 57s. 3d. to 56s. 6d. cash, and from 
57s. 10}. to 57s. one month, the close being buyers at 
56s. 9d. cash and 57s. 3d. one month, and sellers 14d. over. 
The warrant market opened steady this forenoon at 56s. 6d. 
cash, advancing to 57s. 6d. cash, from which there was a 
decline to 56s. 10id., which was the closing price for 
sellers, and buyers offering 56s. . Business was 
done in the afternoon at 56s. 10}d. to 57s., and 
56s. 9d. cash, also at 57s. 3d. to 57s. 44d. one 
month, and 57s. to 57s. 3d. fourteen days, closing with 
buyers at 56s. 9d. cash and sellers at 56s. 10}d. 
‘feeling of uncertainty and hesitation prevails in the 
market at present, and the excitement and irregular con- 
dition lately witnessed have been due in great measure to 
the rumoured revival of orders from America, and their 
subsequent contradiction. There have been some pur- 
chases recently on the part of Canada, but they have not 
been of any very great extent. The Continent has 
been buying a little, and has sent further inquiries ; but 
upon the whole it is to be feared that the amount of business 
done has been exaggerated by persons interested in working 
for a rise. Orders for a few thousand tons of pig on 
American account were placed last week, which is some- 
what encouraging news ; and several vessels were also fix 
for United States ports. Prices of iron in second hands are 
not offered at so much under official quotations as has 
been the case during the last few weeks. Hematite iron 
continues easy at still lower prices, down even to 100s. for 
leading bran 
but buyers incline to hold off for the present. g' 
demand for No. 3 is still experienced to take the place of 
Cleveland pig iron. One additional blast furnace has been 
blown in at Quarter Iron Works, thereby raising the 
number of furnaces in actual operation to 114, as compa 
with 90 at the same time last year. The shipments of pig 
iron. from all Scotch ports last week amounted to 
20,985 tons, as against 10,743 tons in the corresponding 
week of last year. The stock of pig iron with Messrs. 
Connal and Co. at the end of last week was 442,442 tons, 
showing a decrease for the week of 1380 tons. 


Manufactured Iron.—The official quotations for manu- 
factured iron are generally lower, and buyers have a 
deal more their own way than they had some time 
The demand has fallen off perceptibly, and though there 
are but few contracts of any very special importance being 
placed, the works are all well employed. 

Colliery Managers.—A meeting of the Board of Ex- 
aminers for Colliery Managers’ Certificates for the Eastern 
District of Scotland was held in Edinburgh yesterday, 
when it was resolved that after next examination no candi- 
date be admitted who is under twenty-two years of age ; 
also that they be required to have pang eee 
in the working of collieries ies before they be consi eligible 
for certificates of competency Th 





as mine managers. e 
aoe enmiaaten wll hotels me Edinburgh about the end 
ay: 





There is great activity in shipping iron, | pa 





Fairfield Association.—The sixth general meeting of this 

ciation was held last Friday evening, Mr. Wm. Cooke, 

president, in the chair. A paper on ‘‘ The Lines of Ships”’ 
was read by Mr. Ivan Maver. 

The Use of the Telephone in Diving.—A new diving 
helmet, with hone attached, belonging to the Tele- 
phone Company, Limited, was tested last Thursday after- 
noon at Earl Grey Dock, Dundee. The helmet was fitted 
on Fox, the diver, who descended into the water, and the 
practicability of the instrument was fully shown by the 
—_ communication which was kept up between the diver 

the gentlemen onthe quay. A number of gentle- 
men were present during the trials, which proved very 
satisfactory. 

Glasgow Trades Council and the St. Rollox Boiler Ex- 
plosion.—The subject of the holding of a public inquiry 
into the circumstances attending the recent explosion at 
the G w Iron Works was brought up at the meeting 
of the G w United Trades’ Council last Wednesday 

ht. After a number of the members had spoken on the 
subject, Mr. M‘Intyre said he would move that the council 
petition the Home Secretary to inquire into the cause of 
the explosion. Mr. Moses M‘Kinnon seconded ; and the 
motion was agreed to without further discussion. 


CAPE OF GOOD HOPE MAIL SERVICE. 

Messrs. JAMES AND GEORGE THOMSON, engineers and 
shipbuilders, Glasgow, recently launched from their ship. 
yard at Clydebank a splendid steamer named the Trojan, 
for the Union Steamship Company, of Southampton, the 
thirty-seventh vessel built for or purchased by that com- 








han | pany for their mail service with the South African Colonies 


since they commenced it in the year 1857, now twenty- 
three years ago. As the Trojan is the largest vessel that 
has yet been placed in the Cape mail service, the launch 
was made the occasion for mentioning a number of most 
interesting particulars regarding the rise, growth, and 
present position of the steamship service in question. 

On another occasion we s give a somewhat detailed 
description of the Trojan, and in the mean time we shall 
only mention a few particulars regarding her. She is a 
vessel of 3600 tons gross register, and measures 365 ft. in 
length, 42ft. in breadth, and 32} ft. in depth ; and she is 
being fitted by her builders with compound engines having 
her high and low-pressure cylinders 51 in. and 88 in. in dia- 
meter respectively, the aggregate indicated horse power 
being 3400. Her internal arrangements will embrace acco- 
mmodation for 116 first, 90 second, and 50 third-class pas- 
sengers ; and it is intended that she shall be ready in time 
to be despatched with the Cape mails on the 6th of May next. 

Shortly after the launch the visitors were entertained to 
refreshments. Mr. James R. Thomson presided, and pro- 
posed ‘‘ Success to the new ship Trojan.’’ Success to the 
vessel, he said, meant, of course, success to the Union 
Company ; which was meaning a good deal. He did not 
require to 7 that the Union Company had from time to 
time shown the way in the matter of genuine enterprise in 
doing their best to keep up not only their own reputation, 
but in affording every facility for the development of the 
great and increasing trade between the mother country and 
the Cape. They had shown how the trade with the Cape 
ought to be conducted ; they had, in fact, gone in for ships 
that could do the work as it ought to be done, performing 
the passage quickly and comfortably ; and others were now 
following their example, which showed that the manage- 


A | ment of the company was what it ought to be. He trusted 


that the Trojan would prove a satisfaction to her builders 
and profitable in every way to her owners. 

Mr. Giles, M.P., the deputy chairman of the Union 
Steamship Company, in responding, remarked that he had 
been connected with the Union Company for twenty-three 
years, and he was glad to be able to speak of it as a com- 


also | pany which had been a success. In the year 1857 the com- 


pany got their first contract to carry the mails tothe Cape. 
At that time their fleet consisted of half a dozen steamers 
of about 500 tons each, and the company received 32,0001. 
per annum to carry a monthly mail to the Cape, the con- 
tract time for landing the mails being 42 days. Commenc- 


ed | ing with steamers of 500 tons they had = by leaps to 


1000 tons, then 2000 tons, afterwards tons, and 
they had just witnessed the launch of the excellent specimen 
of naval architecture, the Trojan, 3600 tons, a ship which, he 
was fully sure, would do credit to the builders and the com- 
ny. As regarded the time occupied in the passage, he men- 
tioned that they had now got vessels which completed the 
run in less than half the time in which it was accomplished 
in 1857. In that year, too, the supply of the Cape was 
met by a tonnage of something like 6000 tons of shipping 


red | loading from this side. In the present year, however, the 


tonnage of the vessels engaged in the Cape trade had risen 
to 120,000 tons, showing an incr.ase of twenty-fold in 
twenty-three years. The Trojan would form a thirty- 
seventh link in the — chain which united the mother 
country with one of her most important colonies ; and the 
tonnage of the company’s ships now measured 37,000 tons. 
But that by no means measured the capacity of the trade 
with the Cape, as there was another company doing good and 
useful work in the same direction; and he was confident 


8&9. | that the Cape trade would yet show greater development. 


Referring to the causes and the commencement of the 
Zulu War, Mr. Giles said he did not require to inform the 
visitors of the important part performed by the Union 
Company in conveying troops and stores to the Cape. 
One of their vessels, the Pretoria, was fitted out and made 
ready for use in nine days, and landed the troops in nine- 
teen days after they left this country. That vessel, built 
by Messrs. Denny, barton, had made the fastest voyage 
on record to the Cape. 

Mr. G. Y. Mercer then gave the toast ‘‘ Success to the 
builders, Messrs. James and Thomson,” and 
eg to the ability and perseverance which 
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OUR NAVY. 

THE annual statement of the condition of the Navy 
for the current year promised to be of unusual 
interest, and notwithstanding it was made immedi- 
ately after the announcement that Parliament was 
to be dissolved, the discussion that followed was 
sufficiently remarkable to merit a somewhat detailed 
examination. The public has a right to complain 
that the wisdom of Parliament is not in general 
sufficiently applied to a subject always of importance 
financially, and often coming critically near the 
question of our national existence. 

Frequently as those who, independent of party 
considerations, have endeavoured in vain to obtain 
some reasonable grounds of satisfaction from these 
annual statements, they can never have undergone 
more bitter disappointment than on the present 
occasion, Nearly two years ago a large sum of money 
had been placed at the disposal of the Government 
for naval purposes, war had been avoided, and the 
country was looking with anxiety to a clear explana- 
tion of the condition of our naval forces, and of the 
strength they had derived from the purchase of 
ironclads from private firms, an expedient which it 
18 not probable we shall be able to repeat, however 
great its necessity, Suggestions been made, 
and in principle had been adopted by the Admiralty, 
that a portion of the large and valuable merchant 





steam fleet of England might with little and 

reparation be made available either for their own 

efence or as cruisers auxiliary to the Royal Navy, 
as the latter did not possess a sufficient number of 
very swift and powerfully-armed steamships, The 
necessity for these measures, most ably set forth by 
an eminent shipowner, Mr. Donald Currie, and con- 
firmed by the article in the Nineteenth Century from 
the pen of Sir SpencerRobinson, former Controller of 
the Navy, had, it was known, been admitted by the 
Admiralty, who had made inquiries both as to the 
vessels that were obtainable, and as to the measures 
which should be adopted ; but according to the high 
authority of Mr. Currie nothing was done, nothing 
was settled or brought to a definite result, only some 
discouragement was thrown upon those shipowners 
who had built their fleets of shipping on models 
best adapted for conversion to cruisers, 

It was naturally expected that the First Lord of 
the Admiralty could and would, either in his open- 
ing statement or in reply, explain fully and to the 
satisfaction of the country, what had been done, 
both with respect to the general igs. haror of 
our naval forces, and to remedy the admitted de- 
ficiency of cruisers adapted to protect our ever in- 
creasing commercial marine. doing so it was 
supposed that he would quiet the vague alarm and 
indistinct apprehensions which prevailed as to the 
efficiency of the Navy. 

The course of the debate was unusual in one respect, 
not one single supporter of the Government spoke 
in favour or in defence of the First Lord of the Ad. 
miralty. Neither in his opening statement nor in 
his reply did the First Lord of the Admiralty 
attempt to grapple with facts or figures, the specific 
and detailed statements made by Sir John Hay as to 
the number of ironclad ships possessed by England 
and those owned owned by foreign navies, and the 
direct and pointed challenge made by Captain Price, 
based on a detailed enumeration of the respective 
forces in ironclads of England and France, taken 
from the Nineteenth Century. The home question put 
to him whether his professional advisers held the 
opinion that that statement was or was not correct, 
were met by such vague generalities, as that he did 
not think certain comparisons of forces were justified 
by the facts, or that we were so relatively weak as 
had been alleged, or that we should be without 
allies in a contest ; though if we did find ourselves 
in such a case it would occasion anxiety; that we 
were perfectly able to defend ourselves with small 
vessels so constructed as to be able to meet the 
exceptional circumstances of warfare in which Eng- 
land might be engaged, that he thought we had built 
a sufficient number of ironclads, that he had re- 
paired a great many, and had more in reserve than 
his predecessors. 

But after all England will have in this year, 1880, 
only eleven first-class ironclads fit for sea service 
as has been pointedly asserted and not contradicted, 
while France alone, and there are other navies in 
the world, has eight now ready and two more in 
prospect before the close of the year; moreover, if 
the same relative comparison holds good in other 
classes of ships of war, are the First Lord’s assur- 
ances of his belief in any way satisfactory ? We know 
how much more this country has to defend than any 
other, a mere equality or slight superiority of naval 
force is therefore for us a serious danger. If the 
ape state of the Navy is what the First Lord 

ad not denied, that is, weak in the number of 
its ironclads, weaker still in the fast cruisers 
needed for the protection of our commerce, what 
is the future he holds out to us? There are iron- 
clads building which will not be ready for a twelve- 
month, though they have been four years building ; 
he proposes to add to them two or perhaps three 
more to be begun this year with a prospect of their 
being ready for sea in 1886 or 1887. Though the In- 
flexible was begun seven years ago and will only be 
finished this year, she is already reckoned among 
the eleven first-class ironclads referred to; as are 
also such of the ironclads purchased from private 
firms, as belong to that class and are now completed 
or will be completed during the year. 

To the clear statements of Mr. Reed as to the 
continued additional cost # ina by year of ships 
building, and the continu erg ry year by 
year of their completion, though the facts and 
figures were stated, he has no reply to make; a 
retort that Mr. Reed himself was the cause of an 
inquiry by which delay was occasioned, is not in 
harmony with the statement that the ships in question 
were deliberately and wisely —— on ie experi- 
ments in armour plating, which he had to 





be made, nor with the justification, the singular 
leaner he puts forward, ‘that if ships were 

uilt too rapidly, they might find them useless in 
fifteen or twenty years.” Of any apprehension of 
what might result should another power build 
rapidly, and outnumber our fleet in the meanwhile, 
he is entirely innocent, He is alarmed lest, ‘as 
invention went on,” we should, in the event of in- 
creasing the number of our ships, “find an extreme 
difficulty to contend against.”’ The admission he 
makes, in order to avail himself of the shield Mr. 
Goschen threw over him, that ships must be re- 
paired as well as built to keep a navy efficient, and 
that, therefore, he has built little, is a strong con- 
demnation of the policy he has pursued. Why 
cannot the fleet be repaired and new ships be added 
to the English Navy as is done in other countries? 
Because there is not sufficient money voted to do 
both. And the reason for this is that a plain un- 
varnished statement of the wants of the Navy has 
not been made, and the requisite amount of money 
has not been asked for. 

With reference to the defence of our commerce, 
the First Lord admits that we are weak in swift 
cruisers fitted to protect the mercantile marine, and 
he gives the details of such a cruiser which he pro- 
poses to build, but he holds out no hope that we 
shall have any number of them ; he says that but 
‘‘ few of such ships could be added to the Navy, as 
they were principally useful in war.” He made no 
reference to the challenge thrown down by Captain 
Price relative to the speed and number of French 
cruisers which were stated as exceeding our own, 
but in vague and general terms expressed his confi- 
dence in the patriotism of shipowners, in his power 
to lay his hand on any number of fast steamers in 
the event of requiring them, and in their utility 
when armed and fitted as cruisers.- He had to 
admit that in the event of the outbreak of a war 
these ships might not be in British ports, and if so 
would not be available. He took no notice what- 
ever of Mr. Donald Currie’s assertion, than whom 
no man in England is better acquainted with the state 
of the mercantile marine, that no kind of prepara- 
tion or organisation for such a transfer from the 
mercantile to the military marine exists, and that 
both are rae ye for its accomplishment, 
The only part of this subject which gave any proof 
of its having been practically considered by the First 
Lord, was the statement that what Sir John Hay 
and others had suggested as to the dis of the 
Warrior and Northumberland classes of ironclads, 
and their adaptation to cruisers was contemplated, 
and might be carried out. 

After the singular display of reasoning, and the 
remarkable logic by which he justified the slow pro- 
gress of ironclad shipbuilding, the wonderful state- 
ment that England could be defended by small 
ships, the still more extraordinary statement that we 
should not build many cruisers fitted for the defence 
of our mercantile marine, because they would only 
be useful in time of war, the first Lord confidently 
recommends these estimates to the Committee ! 

The loyalty of the party to which the First Lord 
belongs was put to a severe test by such an expo- 
sition, and though the electors of Westminster, 
imitating the example of Sir John Hay, may, per- 
haps, not withdraw their confidence from him, yet 
we, who care more for our country than for our 
party, cannot but look with profound regret on such 
a description of naval policy as this speech holds 
out to us. Bad as that policy is, it may possibly be 
better than that of the former administration, and 
the most enthusiastic supporters of the Government 
can say no more for it, but our deliberate judgment 
must be that the naval policy indicated by the First 
Lord of the Admiralty, both in its aspect as to the 

ast and its — as to the future, is weak, 
angerous, and futile, unsuited to the position of a 
great country like England. 





CONTINUOUS BRAKES. 

Tue third return by the railway companies of the 
United Kingdom, to the Board of Trade, relative 
to continuous brakes, has just been issued. From it 
we see that during the six months ending December. 
1879, an increase of 4 per cent. on locomotives and 
3 oh gee on vehicles, out of the whole amount of 
rolling stock returned, has been made, as regards 


continuous brake fittings. The total returns are 3719 
engines and 29,349 vehicles, of which 1114 and 
11,302 respectively, are fitted with some kind of con- 
tinuous brake, being a percentage of 23 for engines 
and 28 for vehicles, The large majority of the 
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continuous brakes fitted are those which do not 
comply with the requirements enumerated in the 
Board of Trade circular, including Clarke and 
Webb’s, Fay’s, the vacuum, and the Westinghouse 
pressure brakes, The minority, of which eight dif- 
ferent systems are in use, includes only two possess- 
ing any importance in extent of application—the 
Westinghouse automatic, and the Saunders and 
Bolitho’s vacuum. Of the former there were at 
the date of the report, 292 ——— to locomo- 
tives and 1733 to vehicles, while 151 engines and 
484 carriages were fitted with the Saunders and 
Bolitho system. 

A glance through the report shows the absolute 
necessity of some important modification in the 
nature of the returns, if they are to be of any service 
as a means of comparison, or as affording an actual 
means of appreciating the value of any particular 
system. The Act provides that the various railway 
companies shall report all causes of failure of the 
continuous brakes they are employing, together with 
the “ particulars of circumstances relating to the 
causes of failure.” This requirement is not by any 
means sufficiently defined. As is shown markedly 
by the present return, the carelessness of employés, 
which has resulted in many cases in preventing the 
brake from acting, accounts for a large number of 
the ‘failures ;” thus in the long list of indict- 
ments against the Westinghouse brake, filed by the 
Midland Railway Company, we find frequently re- 
peated such cases as the following, ‘‘air taps under 
two vehicles were found open,” and again, “the 
gauge glass was found brokenin a brake van,” The 
non-action of the brake to act under such conditions 
as the first-named, is clearly independent of the 
system, while the last quotation refers to an accident 
with which the brake has nothing to do. The note 
appended to the Midland Railway Company’s return, 
forms together with it, a striking proof of the neces- 
sity of the modification above referred to. ‘‘ This re- 
turn is prepared in strict accordance with the Board 
of Trade circular, but is liable to mislead unless the 
circumstances of the various occurrences recorded in 
it are fully understood.” If a brake be prevented 
from operating through neglect or improper adjust- 
ment, it is very clear that a failure ought not to be 
recorded against it ; thus on the London and North- 
Western Railway, a Clarke and Webb’s chain brake 
failed to act on one occasion owing to a bolt being 
too tightly screwed up. Such an incident may be 
attended with the most fatal results, though the cause 
would not be attributable to the system, but to those 
in charge of it, A broad classification may thus be 
made of those failures, arising from causes indepen. 
dent of, and those due to, the brake mechanism, 
and the latter admits of several important sub- 
divisions. These latter failures may arise from im- 
perfect material, faulty construction, or to some 
defect peculiar to the system, and the manner of 
failing may vary widely, and in an all-important 
degree. Thus one system may not operate when 
required, another may operate when not required, 
and a third having operated, may refuse to be re- 
leased. In order to arrive at a fair conclusion 
as to the value of any given system, all the failures 
to be recorded should be classified somewhat in the 
manner indicated, and the results thus given, taken 
in connexion with the mileage made, and the 
number of stops effected, would afford valuable in- 
formation. It would be most desirable also that 
in every case recorded, the index number of 
the carriage on which the brake fails should be 
appended, since it is obvious that one carriage badly 
fitted may by itself score enovgh failure to make 
up a list as long as that prepared by the Midland 
Railway. It is evident from\ the report under 
consideration that different railway companies hold 
different opinions as to the manner in which the 
returns should be made. Thus, while the North. 
Eastern Railway Company give a long list of 
easualties concerning the vacuum brake, the Metro- 
politan Railway mentions three failures, one of 
which was due to carelessness, and t:1e other two to 
defective material, Yet on the latter line 44 en- 
gines and 195 carriages are fitted, and on the former 
only 32 and 36 respectively, while the mileages were 
for the Metropolitan 594,556, and for the North- 
Eastern 273,377, and the stops were incom bly 
more numerous. Again, on the Midland Railway 
the so-called failures of the Westinghouse brake 
are nearly thirty-fold those of the vacuum with 
nearly the same mileage; while on the North- 
Eastern, while 54 allegations are brought against 
the vacuum, there are only 2] against the Westing- 


note also, that while 35 of the vacuum brake failures 
on the North-Eastern were due to the destruction of 
the vital organism of the brake, every one of the 
failures of the Westinghouse arose either from mis- 
management, bad construction or material, or 
faulty adjustment. 

The greatest mileage and the least number of 
failures reported with any one system has been with 
the Clarke and Webb chain brake. This arrange- 
ment is fitted on the London and North-Western, 
the North London, the Caledonian, and the Belfast 
Central railways; the total mileage recorded is 
8,139,316, and the failures are 40. In the returns 
made to the Board of Trade of the working of this 
system, some classification has been attempted by 
dividing the allegations under the headings of ‘‘ Cir- 
cumstances relating to the causes of failure,” and 
‘ Circumstances relating to the causesof irregularity,” 
but this classification is a very imperfect one. In 
comparing, however, the high mileage with the 
small number of failures it must be borne in mind 
that the Clarke and Webb brake is strictly an emer- 
gency one, as the hand brake only is used for 
all ‘‘ ordinary stoppages at roadside or terminal 
stations,” except that for the first occasion after 
starting, the driver satisfies himself that the brake is 
in working order by stopping his train by it. 

Of the other systems of continuous brakes, men- 
tioned in the return, none have anything approach- 
ing an extensive application, with the exception of 
Fay’s, which is fitted to 1190 carriages. rker’s 
hydraulic and Barker's automatic brakes are fitted to 
two engines and 79 carriages on the Great Eastern 
Railway, and two engines and 23 carriages on the 
Midland. With these there are respectively sixteen 
and eleven failures reported. Nine failures are 
recorded against the 1190 carriages with Fay’s 
brake on the Lancashire and Yorkshire Railway, 
and the train fitted with the Kendall steam brake 
ran 5330 miles the half-year without any failure. 
Newall’s brake is in use on five railways, it being 
fitted in all to 658 carriages, and it has one case of 
failure mentioned in the returns. 








THE METROPOLITAN WATER ACT. 

In our last issue we gave an analysis of the pro- 
visions of the Bill introduced into the House of 
Commons last week by Mr. Cross, dealing with the 
question of the purchase of the metropolitan water 
companies, Few measures have been received at 
first reading with so large an amount of cordiality, 
and still fewer have subsequently met with more 
severe condemnation, The result has been that the 
Bill has been withdrawn. On Tuesday last, however, 
inreply to Mr. Jenkins, Mr. Cross stated that hadtime 
allowed during the present session, he should have 
been ready to show clearly what advantages would 
have arisen under the Bill, but still he admitted 
that the final decision would have rested with a 
Committee of the House, before whom all parties 
would have been heard, and by whom any objections 
on the part of the ratepayers or others would have 
been fully and fairly considered. He added that if 
the present Governmeut occupied a similar position 
in the next Parliament, they would certainly 
endeavour to deal with what they considered the 
great question of supplying the metropolis with 
water, and they would endeavour to offer such a 
scheme as would secure the confidence of all parties 
concerned, 
On the same evening, in the House of Lords, 
Earl Camperdown called attention to the present 
position of the metropolitan ratepayers consuming 
water, with reference to the charges that have been 
or may be made by the water companies, especially 
in reference to the effects of the ‘* Valuation Act,” 
1869. Acting under its provisions, the companies 
had ,largely increased their revenue. As another 
quinquennial period for revaluation was close at 
hand it was very desirable that some steps should 
be taken to check this course of advance in the 
charges for water. In reply, Earl Beauchamp, on 
the part of the Government, said that the question of 
water rates had nothing whatever to do with the 
‘Metropolis Valuation Act,” 1869. The rates 
charged for water were imposed by virtue of the 
private Acts of the companies, which gave them 
“ected to rate up toa certain amount. He admitted, 

owever, that as there was a great increase in the 
value of property, so long as the companies enjoyed 
their present powers he did not see how they were 
to be interfered with. It would be a very strong 
measure to rescind the powers which Parliament 


large sums of money had been raised and expended. 
It is very evident, from the discussions which 
have taken _— both in and out of Parliament, that 
the metropolitan water supply cannot be made a 
political question. Hence, whichever party may win 
during the coming elections, will be bound to take 
up the question in a practical form. We have the 

vantage at least, from the recent abortive schemes, 
of knowing what the water companies demand. It 
will remain for the ratepayers to decide during the 
next two months what they shall require. It will 
be well, however, to bear in mind that considering 
the present crowded state of our subways, filled as 
they are with water, gas, and sewer mains, the idea of 
an independent supply to compete with the present 
companies is practically out of the question. Indeed, 
such a plan would be physically impossible of execu- 
tion, This the existing compsnies are well aware of, 
Therefore it will require much discretion, and 
possibly some sacrifice on the part of the ratepayers, 
to secure the best ‘possible position. In any case, 
it is evident that the sooner the question is settled 
the better it will be for all parties. But this can only 
“A satisfactorily accomplished by moderation on both 
sides. 








DYNAMO-ELECTRIC MACHINES. 


On Friday evening, the 12th inst., Dr. C. William 
Siemens delivered an interesting address at the 
Royal Institution on the applications of the dynamo- 
electric current. He introduced the subject by re- 
ferring to Faraday’s celebrated experiment, which 
was shown at the Institution in 1831. This grand 
discovery was not, as some have supposed, the result 
of a happy accident, for Faraday had been at work 
on the subject of magneto-electric induction as early 
as 1824; but, owing to the want of sufficient 
delicacy in the instruments at his command, it was 
only at the end of seven years that he was able to 
detect the instantaneous current set up within the 
coil surrounding the armature of the permanent 
magnet with which he operated. 

The original apparatus, which is preserved among 
the treasures of the Institution, was used on this 
occasion, the induced current appearing as a tiny 
spark when the ends of the coil were close to each 
other, and being rendered manifest by the deflection 
of a magnetic needle when they were joined 
up with the galvanometer to form a continuous 
circuit, 

This great discovery required much time and 
thought for its development. It was necessary to 
multiply the current so as practically to lengthen 
out its duration and make it continuous. Sir Charles 
Wheatstone was among the earliest in utilising the 
Faraday current; but the magneto-electric tele- 
graph instrument which he brought out in 1844 was 
ound, notwithstanding its great ingenuity, to be of 
little value as a receiver on account of the uncertainty 
of its action. 

The next important step in aggregating these 
magneto-electric currents was made in 1854 by Dr. 
Werner Siemens, of Berlin. The improvement 
consisted in making the armature in the form of a 
double T, and winding the wire longitudinally upon 
it. This armature was then caused to rotate rapidly 
between the poles of steel magnets when an accu- 
mulative action was produced through the simul- 
taneous effects of each permanent magnet in setting 
up a succession of currents within the revolving 
helix, which, when directed by means of a suitable 
commutator into an outer metallic circuit, were 
found to produce all the effects of a continuous 
current. Professor Holmes took up the subject and 
succeeded in constructing machines of great power, 
which were adopted for the purposes of lighthouse 
illumination. r. Wilde, of Manchester, advanced 
a step further by using the comparatively small 
current produced in a Siemens armature to magnetise 
vertically fixed plates of soft iron between which 
rotated the second armature, supplying the useful 
current. 

But the most important step was that taken almost 
simultaneously by Sir Charles Wheatstone and the 
lecturer himself, viz., in dispensing entirely with 
permanent magnets and utilising the remanent mag- 
netism of the soft iron plates to generate currents 
within the armature. These currents, which are 
weak at first, are sent round the iron plates, which, 
becoming electro-magnets, react upon the revolving 
armature and intensify the induced currents. 
this way, by the mutual action of the electro-magnets 
and the armature, a very powerful current is 








house with slightly less mileage, It is worthy of 





had already granted, and on the strength of which 





speedily produced. The first of these dynamo- 
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electric machines constructed by the lecturer was 
made in 1867. It will be remembered that some 
discussion was carried on in our columns, about two 
years ago, a8 to whom belongs the priority of the 
invention, and it was with much interest that we 
listened to this portion of the discussion in the hopes 
of hearing an expression of opinion on the moot 
point. But Dr. Siemens contented himself with 
stating that so far as he was concerned, the whole 
merit belonged to his brother, Dr. Werner Siemens. 
He preferred not to discuss the claims of the other 
two parties, viz., Sir Charles Wheatstone and Mr. 
S. A. Varley. This scientific controversy has been 
very pithily summed up by Mr. R. Sabine in the 
following words: ‘‘ Professor Wheatstone was the 
first to complete and try the reaction machine, Mr, 
s. A. Varley was the first to put the machine 
offically on record, and Dr. Werner Siemens was the 
first to call public attention to the machine in a 
paper read before the Berlin Academy.” 

The adaptations of this accumulative principle by 
M. Gramme and Von Heftner Alteneck led up toa 
recent modification of the dynamo-electric machine 
by the lecturer. This modification has increased the 
strength of the generated current and improved 
the steadiness of its action. The form of the 
machine was,not materially altered by this change, 
which consisted in so arranging the wire on the 
rotating coil and on the electro-magnets that the 
maximum current for a given expenditure of power 
was attained when the outer resistance was such as 
is usually required. 

The first application of the dynamo-electric 
current dwelt upon was that of the transmission of 
power. This was illustrated by sending the current 
from one machine round the armature of a second 
when sufficient motive power was obtained to work 
a ventilator with considerable effect. In a similar 
manner a circular saw was set in rapid motion by a 
dynamo-clectric machine, constructed on the im- 
proved method, placed in the basement of the In- 
stitution and worked by a gas engine. It was 
shown that by such an arrangement, sixty per cent. 
of the engine power expended could be made avail- 
able at a place distant from the former by several 
miles. In this way natural sources of energy, such 
as waterfalls, may be utilised for supplying motive 
power at distances of twenty and thirty miles ; and 
power might be transmitted down mines and 
collieries from a motor on the surface without 
any of the inconveniences attending the use of 
steam. 

The next application pointed out was for the pro- 
pulsion of tramway cars upon railways. This was 
successfully achieved last year at the Berlin Exhi- 
bition by Dr. Werner Siemens, and it is intended to 
repeat the experiment shortly at the Crystal Palace. 
One of the carriages composing the little train is 
fitted up with a dynamo-electric machine, a similar 
one being worked, by steam power, at the station. 
‘The current is conveyed from the station along a 
central rail or wire rope, to a metallic brush attached 
to the carriage, and is under the control of the driver, 
and thence to the second machine, which imparts its 
rotatory motion to the wheels of the car. The return 
circuit is completed through the side rails. The force 
of traction was found to be considerable, and to 
increase with the resistance. In one instance this 
tractive force, which was estimated at 200 kilo- 
grammes in ascending an incline, fell to 70 on the 
level line. By this novel mode of transit forty 
persons were easily conveyed at a speed of ten miles 
an hour. 

Dr. Siemens had pointed out that when a cur- 
rent passes through a conductor its intensity di- 
minishes when the resistance increases, and that 
the loss varies as the square of the resistance. He 
1.0w proceeded to show that what might be con- 
sidered as a loss when the object was merely the 
transmission of power might be reconverted into 
available energy where light and heat were to be 
produced, Platinum and iridium are notoriously 
bad conductors, and, on being introduced into cir- 
cuit, emit a vividly glowing light. 

This important point had been brought before the 
members of the Royal Institution by Sir Humphry 
Davy as far back as 1810. The illustrious chemist 
then showed that the greatest local resistance and 
the highest degree of heat and luminosity were pro- 
duced when the arc took place between two carbon 
electrodes, In principle, therefore, the electric 
light was by no means a novelty; but the interest 
now attaching to it is owing to the cheap rate at 
which the current could be produced at present, 
not by the consumption of zinc in a battery as for- 





merly, but by the expenditure of mechanical energy 
resulting from the combustion of coal, 

The lecturer remarked upon the ingenuity re- 
cently displayed in the construction of electric lamps 
and paben ay the sole object of which is to produce 
steady action. These devices he classed under two 
heads, viz., the incandescent lights, and the electric- 
arc regulators. Dr. Siemens showed that the former 
light furnished the simplest solution of the problem 
of electric illumination, but could never rival the 
arc, because the intensity of the latter could be made 
to approach that of sun, whilst the incandescent 
lights were necessarily limited to the fusing point of 
the metal employed. He also contended that the 
electric light, where properly applied, was much 
cheaper than gaslight, but would probably never 
supplant the latter where great subdivision is in- 
dispensable. Moreover, asa heating agent gas would 
find an ever-increasing demand. 

The next application of the dynamo-electric 
current dealt with was the fusion of metals. In 1810 
Sir Humphry Davy found sufficient heat in the 
voltaic arc to decompose potash ; and quite recently 
Professor Dewar while experimenting, at the Royal 
Institution, with the dynamo-electric current, found 
that several of the metals assumed the gaseous con- 
dition as inferred from the reversal of the lines in 
their spectra, thus indicating that the heat used in 
these experiments could not be much inferior to that 
of the sun itself. 

Dr. Siemens had experimented, for some time, 
with an electric furnace, not with a view of measuring 
these extremely high temperatures, but for the 
purpose of melting in considerable quantities highly 
refractory metals, such as platinum, iridium, and 
steel. He was led to undertake these trials by the 
consideration that a good steam engine converts 15 
per cent. of the energy residing in coal into me- 
chanical effect, and that a good dynamo-electric 
machine is capable of converting 80 per cent. of the 
mechanical energy into electric energy. If this latter 
could be expended, without loss, within an electric 
furnace, then 12 per cent. of the total energy residing 
in coal would be available for melting the refractory 
material at any temperature required, and such a 
result would doubtless far exceed in economy that 
of the best furnaces that have as yet been con. 
structed. 

In the small furnace which was exhibited and used 
on this occasion, the positive electrode, which was 
made of iron, entered from below the crucible con- 
taining the metal to be melted, whereas the negative 
electrode, which was a rod of carbon, was attached 
by means of a lever to a solenoid regulator. The 
crucible was surrounded by charcoal contained in a 
copper vessel to prevent loss of heat, and so intense 
was the heat accumulated that in about twenty 
minutes a kilogramme of broken files was completely 
melted. The arrangement was such that it may 
easily be applied on a large scale, and it is worthy 
of note that electric fusion has the great advantage 
of entirely excluding the atmosphere, and con- 
sequently the products of combustion from the sub- 
stance in the crucible. 

Another application of the voltaic arc which the 
lecturer thought might eventually assume an im- 
portant ré/e was to horticulture. From experiments 
continued during the last few months, he has come 
to the conclusion that the electric light promotes 
the formation of starch, chlorophyl, and cellulose 
in plants, and could be made pretty nearly equal to 
solar light in its genial action upon them. He has 
also ascertained that the plants do not require a time 
of rest, as the animal creation, but become all the 
more vigorous when grown under the influence of 
the electric and solar lights without intermission. 
By this means, the development of flowers and the 
ripening of fruit may be greatly accelerated and 
improved. Various plants, including mustard, 
carrots, lilies, roses, and strawberries, with the fruit 
partially developed, were shown and excited much 
interest. Some of these had been exposed to day- 
light only, others to electric light only, and a third 
portion to the electric and the solar light, all of 
which plainly justified the conclusions already stated. 
Several closed tulips were placed on the lecture 
table under the electric lamp, when they slowly un- 
folded their beautiful sepals. This experiment was 
sensational. 

Other applications of the dynamo-electric current 
for electro-decomposition, photography, and tele- 
graphy were merely alluded to by Dr. Siemens, 
sufficient having been said to show the extraordinary 
uses to which Faraday’s great discovery is likely to 
lead in no distant future. 








THE NAVAL ARCHITECTS. 

Tue twenty-first session of the Institution of 
Naval Architects commenced on Wednesday last at 
the hall of the Society of Arts, John-street, Adelphi. 
These annual meetings always take place during the 
week before Easter, and have up to the present 
time commenced on the Thursday and finished on 
the following Saturday, This year a change has 
been made for the better. The meetings commence 
on the Wednesday morning and end on the Friday 
evening, thus leaving the Saturday a free day either 
for the return of members from distant parts of the 
country to their homes, or, which is of course much 
less likely, to attend the University Boat Race. 

This year the session is marked by the retirement 
of Lord Hampton from the presidentship, which he 
hasably and honourably filled for twenty-one years, 
and by the appointment of his successor, the Earl of 
Ravensworth, whose great interest in all that re- 
lates to shipping and shipbuilding is abundantly 
shown by the prominent position he has taken in all 
questions before Parliament affecting naval affairs 
and shipping legislation. It would have been difli- 
cult any time these last twenty-one years to have 
selected a President for the Institution of Naval 
Architects more fitting than Lord Hampton, and 
we think it would at the present time be equally 
difficult to select a more fitting successor for him 
than the Earl of Ravensworth, 

Another feature connected with the session this 
year is the coming into force of the new system of 
electing the Members of Council by ballot, which 
we described in reporting the last year’s meetings. 

The proceedings commenced, as usual, with the 
reading by the secretary of the Report of the 
Council, which ly Pose to be satisfactory so far as 
the progress and financial condition of the Institu- 
tion is concerned, Lord Hampton then referred to 
his retirement, and in proposing to the meeting the 
election of the new President and the Vice-Presidents 
explained that the selection of the Earl of Ravens- 
worth was entirely the work of the Council, as he 
himself had felt it would be more becoming in him 
to refrain from in any way influencing the Council 
as to the choice of his successor. ‘The President and 
Vice-Presidents for the year having been elected 
the Earl of Ravensworth thanked the meeting for 
the great honour they had done him, which he con- 
sidered the greatest compliment that had ever been 
paid to him, and announced his intention to give 
his time and his attention without stint to advancing 
the interest of the Institution and the welfare of the 
great royal and mercantile navies, which it was 
the object of the Institution to improve. Scruti- 
neers were then appointed to examine the ballot 
papers for Members of Council, and the meeting 
next proceeded to the election of new members, 

After this the real business of the meeting com- 
menced with the reading of an extremely valuable 
ree by Mr. B. Martell, the Chief Surveyor to 

loyd’s Register of Shipping, ‘‘ On the Causes of 
Unseaworthiness of Merchant Steamers, ‘l'his paper, 
which we print in ex/enso on page 232, deserves far 
more than the ing notice we are compelled to 
give it this week, and we shall, therefore, return to 
it. We may say at once, however, that it is one of 
the best papers ever read before the Institution. 
Its extreme value, and the importance attaching to 
the subject of it at the present time, induced the 
Council to make a very salutary departure from their 
accustomed rules, One of the principal faults of the 
meetings in former years has been that there were too 
many papers, and that they were too short to do jus- 
tice to the subjects selected. The rule of the Institu- 
tion has been that the time occupied in reading a paper 
should never exceed twenty minutes. On the present 
occasion Mr, Martell’s paper was the only one down 
for reading at the Wednesday meetings, and it occu- 
pied an hour in reading, and the remainder of the 
sitting for discussion. Mr, Martell considered the 
various causes which have led to recent disasters, and 
produced the results of some valuable calculations, 
showing how deficient many merchant steamers, as at 
present loaded, are in the element of stability. He 
also made valuable recommendations as to amend- 
ments needed in the tonnage laws, and discussed the 
question of grain loading at considerable length. 

Among those who took part in the discussion were 
Mr. Merrifield, Mr. Scott Russell, Mr. MacFarlane 
Gray, Mr. Ravenhill, Mr. Denny, Mr. John, Mr. 
Norman Scott Russell, Mr. G. Duncan, Mr. West, 
and others, but we must reserve our report of the 
discussion until next week. There was no evening 
meeting on Wednesday, but on Thursday meetings 
were held both morning and evening. 
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INSTITUTION OF NAVAL ARCHITECTS. 


Preliminary Proceedings. —Lorp Hampton, G.C.B., 
D.C.L., President, in the Chair. 

Tnx secretary read the report of the Council, which was 
approved and adopted. 

e secretary then read the list of officers and Members of 
Council proposed for eleetion. 

The President: Gentlemen, in moving this resolution, and 
at this stage of the proceedings, it might be as well to re- 
mind you that we are now for the first time bringing into 
oO the new rules for the management of the Institu- 

that were discussed at our last meeting. You will ob- 
serve that this resolution is one embracing the appointment 
of all the officers of the Institution. You will not have 
failed to observe that there is now a change from my own 
name to that of Lord Ravensworth, who I hope will be im- 
mediately elected our new President. For my own , in 
putting this resolution I can only say from the — interest 
which I have long felt in this Institution, I shall be very 
happy indeed to consider myself a member of it as one of the 
Vice-Presidents. I now have to put to you to say whether 
you will adopt this resolution, bearing in mind, as I have 
already said, that the first name is that of your new Presi- 
dent, Lord Ravensworth. 

The President: | am very happy to congratulate Lord 
Ravensworth on his appointment as our President. 

Lord Ravensworth: My Lord Hampton and gentlemen. 
I trust you will not think me impertinent if I intrude for a 
very few seconds indeed on your very valuable time, and as I 
know that you are all anticipating a pan important, interest- 
ing, and valuable discussion, I shall endeavour to save that 
time as much as possible, but it would be unseemly in me 
after what has been said by our President not to make a few 
observations. Really and honestly I have been accustomed 
to address turbulent assemblies, and this is a peculiarly 
attractive one, but I honestly tell you that in rising to reply 
in the best language I can find, and to return thanks, I do 
so under exceeding difficulty; because I can assure you that 
although I have had some compliments paid to me once or 
twice in the course of my life, this is by far the highest and 
the most deep-felt compliment that ever was paid to me by a 
public body. When your kind desire was first d 


resignation as to consent to occupy this chair for one more 
year, and chiefly for two reasons: one, that we should mature 
and bring into operation those new rules—that new organisa- 
tion, I may call it—which have been referred to, and which 
indeed have been acted upon this morning; the other, 
that without any haste, and with the fullest consideration, 
we should to elect some gentleman who might receive 
the approbation and confidence of the Institution as my 
successor in the chair. Gentlemen, those objects have been 
attained. The time contemplated is now come ; the rules to 
which I have referred are now matured and now in action, 
and they have been acted upon in the proceedings of this 
morning, and, gentlemen, while it is, very painful—I feel it I 
assure you very painful indeed—to take leave of old friends with 
wae have acted so long, and from whom I have received 
such uniform and kind support, while—that is a painful feel- 
ing on my part—I have the great satisfaction on the other 
hand of feeling that I am turning over the interests of this 
Institution, if I may so speak, in which I have taken such long 
and deep interest, to a President, in whose abilities, in whose 
full competence in every way, in whose personal knowledge 
of the subjects to which this Institution is devoted, I feel, 
and all of us may feel, the most implicit confidence. I con- 
gratulate my noble friend who now succeeds me most 
heartily upon the manner in which he has been appointed, 
and I congratulate the members of this Institution upon 
now having at their head a gentleman in whom in ever 

respect they have so much reason for feeling confidence; and, 
gentlemen, I am sure it will be satisfactory to the feelings of 
my noble friend to know that his selection for the high office 
of your President has been from the unbiassed and fair 
opinions of the Council of this Institution, Whether rightly 
or wrongly, gentlemen, I know not, but my feeling I confess 
was, that after having received the confidence and the kindness 
of this Institution for so long a period of years, it would not 
become me to exercise any influence in the choice of my 
successor. I thought it more befitting and more becoming 
that the Council of this Institution, a body of gentlemen 
most competent to make such a selection, should, uninfluenced 
and unbiassed, select the man, whoever he might be, they 
wished to place in the chair which I have so long occupied. The 
course which was taken, gentlemen, was this. I think it may 





me that I should fill the place that has been so ably filled b 
my old and esteemed friend, Lord Hampton, I asked myself 
one question, what have I done that they should do this 
thing? I didnot know what possible claim or title I 

to such an honour as this. Now I cannot convey it in stronger 
words than those. It astonished me, but it gratified me to 
the greatest ible extent. I looked through the list of 
members, and I saw there the names of a great many old and 
valued friends of mine, and I said, These are old friends of 
mine, and this is a great mark of their friendship—I do not 
deserve it, although they have conferred it upon me, and my 
sole object will be as far as I ibly can to promote the 
interests and the work of this most valuable Institution. 
Now there is only one word more which I should like to 
say. I have seen with the greatest possible satisfaction that 
there is no jealousy between this great outside council of the 
talent of the nation of this particular branch and the execu- 
tive, namely, the Admiralty. I am happy to observe that 
there is a grant made us by the Admiralty, and that at once 
deprives it of any appearance of hostility, or even of jealousy. 
I think in my humbie judgment that the great value of this 
Institution consists in bringing to bear upon this important 
national industry, for that is what it is, all the talent that the 
nation can command; that they shall be able at times and 
seasons to discuss great — of naval architecture, and, 
as I have said before, to bring to bear their experience, and 
to assist the Admiralty in their selection of the best models, 
and the newest plans both of offence and defence. That, in 
my humble view, is the t object and the great work that 
is sought to be performed, and as far as that is concerned any 
little effort that I can make will be most gees given, 
and I shall feel the deepest interest in al] the progress and 
work of this great Institution. I thank you, gentlemen, with 
my whole heart for the kind and very distinguished honour 


you have conferred upon me. I express entirely my whole 
unworthiness to receive it, but I thank you for it with all my 
heart. 


The President: Gentlemen, in addition to the members of 
the Institution whose names you have just observed, I have to 
propose to you that Mr. Samuda, who has been so long our 
treasurer, should be oo to that office, and I am sure 
all who now hear me will agree with me in the regret I feel 
that in consequence of the pending elections Mr. Samuda, 
who has a good deal of business to do just now, will not be 
able to assist us in our business here. All I say is I am very 
it. Ihave also to propose that Mr. Mackenzie and 
Mr. Corry be re-elected the auditors of the Institution. 

Mr. Porter and Mr. White were then elected scrutineers to 
examine the ballot list for members. 

The secretary read the list of donations to the library. 

The secretary read the names of the new members, which 
were then put to the ting, and declared to be elected. 

The President: Gentlemen, it now becomes my duty to 
venture to detain you for a few minutes with those observa- 
tions which it has been my custom for « long time to offer at 
these annual periodical meetings, and I think you gentlemen, 
as members of this Institution, will fee! that upon this occa- 
sion we our 1 meetings under novel and in- 
teresting circumstances. It will be in the recollection I am 
sure of the mary | of those who now hear me, that when I 
addressed you at the commencement of the session of last 
year, I thought it my duty, after the long period during 
which I have had the honour of holding this presidency, to 
suggest to you that the time was come when it was my duty 
to retire from the chair, and to give place to some gentleman 
to be your President—some younger man. That proposal on 
my as in the case of every proposal indeed that I have 

¢ in this Institution, was met in the most kind and 
friendly manner, but I was pressed by some of the i 








members of this Institution so far to withdraw my in 





ting both to the members of the Institution gene- | greate 


rally, and especially to my noble friend, to know the course 
which was adopted. Ata very full meeting of the Council, 
which was summoned with a view to the election of my 
successor, it was determined to entrust the choice of a fitting 
person to asub-committee, which was appointed to select 
names which might be submitted to the Council for their 
final decision. That course was adopted, and the result was 
that the sub-committee brought before a very full meeting of 
the Council convened with that special object, five names, and, 
gentlemen, I am free to say without fear of difference of 
opinion from any one member of the Council, that there was 
not one of those five names, with ect to whom the In- 
stitution might not have felt a pride in having that in- 
dividual, whoever he might be, appointed as our President, 
and it was from the conviction that on the whole Lord Ravens- 
worth combined more of those considerations, more of those 
qualities which were likely from his experience in public life 
to make him competent to discharge ably the duties of your 
President, it was from that feeling and that fact only, that 
out of those five names, all eligible and all competent, his 
name was selected without any division—without any division 
of opinion he was appointed to that office, which you have 
now by your votes fully confirmed. 

Gentlemen, I must now turn for one moment to the state 
of our internal affairs as brought before you by the report 
which has just been read by our secretary, and I cannot do 
so without expressing the bey’ great satisfaction which I 
feel. I think last year I used the phrase that I had watched 
this Institution, and had presided over this Institution from 
its infancy to its maturity, and that its maturity was most 
satisfactory and gratifying to all who take an interest in its 
objects. 1 may repeat that statement now—nothing can be 
more satisfactory than the whole condition of this Institution. 
The matter of finances, which it is one of the great objects of 
every institution to study, because we cannot go on without 
the sinews of war as we all know, are in a most flourishing 
condition. We have also, as we had last year, again to con- 

tulate ourselves upon a new body of members, larger still 

an last year, and all selected from the classes most able b 
their habits of life to contribute to the objects which we all 
have in view. We have in the Council not a few of the most 
eminent naval architects who are to be found in England, in 
Ireland, and in Scotland—a Council more competent to carry- 
on the immediate objects of this Institution, | may say with- 
out flattery, could not have been appointed and could not 
have been chosen; and, gentlemen, +} think I should hardly 
do justice to what I know to be the feelings of my colleagues 
in this Institution if 1 were not to say, that I think my noble 
friend in carrying on the duties which will devolve upon him, 
will find that he is fortunate in the gentleman who ~ been 
selected for that office which is so important in all public 
bodies, the secretary of this Institution. Mr. Holmes, our 
secretary, has not been our secretary very long—he has not 
been in that office more than two years, if so much, but I 
really cannot refrain from saying in his presence that I think 
during that time he has so conducted himself, as to have 
obtained the good feeling of every member of the In- 
stitution. 

Gentlemen, I am unwilling to detain you at any length to- 
day, knowing that there is a very interesting and important 
discussion to come before you, but I cannot retrain from briefly 
noticing one or two of those subjects connected with our 
immediate duties which haye occupied out attention of late, 
and which will now do so in a very interesting manner. I 
think you will recollect that one subject of our discussion 
last vear was the dreadful accident which had occurred from 
the bursting of the great gun in the Thunderer, an accident 
which attracted the attention of the whole country, and, of 
course, excited a great deal of feeling in this Institution. You 


naval architecture are so closely connected that everything 
that concerns naval armament is to be regarded with great 
and natural interest in this Institution. I think on that 
occasion I ventured myself, and if I remember right I was 
supported very much by some of the most competent 
members here, perhaps I hardly could venture to consid 
a competent on such a subject, but I threw out this, as 
I have done on other occasions, which so far as I was com- 
petent strongly struck my own mind, and that was that the 
— inference which we were to draw from that un- 
ppy accident to the Thunderer, was that for naval 

bprechloading is the right principle. And, gentlemen, I 
think those views met very much with the concurrence of the 
meeting, and it is very satisfactory to my mind, I confess, to 
hear, as I have done, indeed I believe we have all seen it in 
the public papers, that the Admiralty have decided on 
adopting the an of breechloading for guns for the 
Royal Navy. the course of to-morrow or Friday morning 
we shall have one paper from Mr. Scott Russell, ‘‘On the 
True Nature of the Reditoaes of Armour to Shot,” and 
we shall have two papers on Friday morning, one from Mr. 
William Denny, the well known member of Council, and the 
other from Mr. West, both under the same title of “ Steel for 
Shipbuilding.” That leads me, gentlemen, to make some 
reference to the very interesting fact of the introduction of 
steel into shipbuilding, and further, the introduction of steel 
as a portion of the armour coating of our ships. We shall 
all, I am sure, await with great interest those papers on the 
introduction of steel into the building of our ships, and I 
shall listen with the great hope that light may be thrown by 
those papers upon the question which is now sc interesting 
a one, whether the iron armour with which ‘our ships are 

rotected may not be improved and made more powerful and 
ighter by the addition of a facing of steel in front of the 
iron attached to our ships. I look upon that, gentlemen, as 
a question of very great interest and very great importance. 
The statement which I have heard (and I shall listen to these 
papers with an anxious desire to see how far that report is 
er that by the combination of steel and iron 
armour which is to cover our ships, we may attain the great 
object of increased defence with greatest lightness ot con- 
struction to the extent of the armour, with equal if not 
r power of defence, being one-fourth or one-fifth lighter 
than it could be made under the old system of armour con- 
structed entirely of iron. 

Gentlemen, there is another subject bearing I think perhaps 
even more closely than either of those upon which I have 
touched, upon the immediate objects of this Institution of 
Naval Architects, 1 mean the question which has excited and 
interested the public mind for a long time, but which has 
been the subject very recently of important discussion before 
the United Service Institution, and has also been the subject 
of very able letters and very able articles in the public press 
of the day—I mean the question whether with a view to our 
national defences in case of a maritime war, the mercantile 
marine of this country may not be made to bear its share in 
the defence of our commerce on the seas. This I think every 
navalarchitect; will feel'is immediately his question, because the 
question must immediately arise whether or not such changes 
can be made in the structure and architecture of our mercan- 
tile marine as to make the more powerful vessels connected 
with the mercantile marine capable of fulfilling their proper and 
ancient purpose of carrying on the commerce of the country 
with the power of attacking an enemy and of being armed 
for the service of the country in war. Gentlemen, I have no 
doubt many of you must have read an able letter on this 
subject, which appeared I think in the Times newspaper, from 
Mr. Barnes, and I was struck with the concluding sentences of 
that letter. Perhaps you will allow me to read it. He says : 
“Such a system,” that is, the system of making merchant 
steamers available for national defence, “ would, on the one 
hand, give the Government of this country a power which 
no other country in the present state of things could exert; 
it would prove an inducement to shipowners” —this is a point 
to which | wish to call your attention—‘“‘ to build steamships 
suited to the naval as well as to the mercantile requirements, 
and the retaining subsidies would, without doubt, be well 
spent money indirectly attaching to the service of the State 
a most powerful auxiliary.” Gentlemen, I need not say more 
on this subject. Its importance is self-evident, but while 1 
am upon part of the proposal that not the least important 
part of it is that which contemplates that while the merchant 
ships in our great establishments might be made available 
for national defence, but the establishment of men in the 
yards where those ships are built should also be made avail- 
able to help man the ships they have helped to build. It is 
a most interesting question altogether, whether we have to 
be read or not, any _— at this meeting directly bearing 
on it, but I hope you will not think I have travelled out of 
=~ duty in thus on this occasion in pressing upon the con- 
sideration of the naval architects assembled here to-day the 
impoitance of giving full consideration to this important 

uestion. 
. Gentlemen, this leads me to the subject which is to be 
brought under our consideration this morning, namely, look- 
ing at the merchant steamer solely in its original and propet 
construction, the conveyance of our commerce or the con- 
veyance of her passengers, I am sure all will feel an interest 
in, knowing that as a competent person as our friend Mr. 
Martell, the surveyor of Lloyd's, is about to bring under our 
notice to-day a paper on the subject of the unseaworthiness 
of our merchant ships. This leads me, gentlemen, to notice 
that which my noble friend who succeeds me, will have to 
consider another year, namely, our long standing practice of 
limiting the time of those who have to address this Institu- 
tion. Our tice has been to limit papers to twenty 
minutes, and speeches upon those papers to ten minutes, the 
whole time taken up by any paper and discussion not to 
exceed an hour. This has oo 











the great questions of naval armament and 




















Marcu 19, 1880.] 


ENGINEERING. 


231 





thinks better rule could be made, but I should hope u 
pnp edne Ba and upon a future occasion that rul will be 
adhered to. However, this mornin 


we are deliberately | lam 


This construction of machine enables the author to effect 
an important simplification of the tor to work electric 
, enabling him to dispense with all wheel and clock- 


greater portion of the new railways are to be constructed, 
as in other Continental states, for strategical reasons. 


Above all, the famous teral is to be placed in 


making in favour of my friend Mr. ll rather an excep- | work in the arrangement. The two carbons being pushed | direct communicati ith i i i 
tion to it. The paper to be read by Mr. Martell is the only | onward by gravity or spring power are checked laterally | kingdom where, ~p time ot ge Tovasion could ‘Ne 


paper this morning, and it is the only paper, because the 
value has been that the subject comes so home to us all, 
and is so important to the interests of our commerce and 
our mercantile marine generally, and we think it well that 
no other should interfere with it, and I feel it my du 
not to strictly enforce any rule which may at all mar the fu 
consideration of a ae which, coming from the able hands 
of my friend, Mr. Martell, will, I am sure, be worthy of our 
full consideration. 

Gentlemen, I need not detain you further. It only remains 
for me now, in conclusion, to express my very deep sense, a 
sense that I cannot express too strongly, of the value of the 
many friendships which it has been my fortune to make in 
this Institution, and my deep sense of the unbroken kindness 
and support which on every occasion, without a spot ora 
flaw through the long period of twenty-one years, I have re- 
ceived from this Institution. Gentlemen, while I make this 
acknowledgment most fully and most gratefully for myself, 
I hope and trust, and feel sure, that when my noble friend 
has to take the part which is now mine, of retiring from the 
chair, he will be able, as I am sure he will be, to speak in 
similar terms, and I still further, and more strongly hope, 
that throughout his presidency, and throughout many presi- 
dencies to come, this Institution will long continue to fulfil 
its important functions, and by pee the maritime in- 
terests of this country that it will promote the mercantile in- 
terests of this country upon which not only our commercial 
prosperity, but the national power and glory of England, so 
greatly depends. 








DYNAMO-ELECTRIC CURRENTS. 


On the Dynamo-Electric Current and on certain Means 
to Improve its Steadiness.* 


By C. Wrui1AM Siemens, D.C.L., F.B.S. 

Tue author, after alluding to the early conception by 
Dr. Werner Siemens of the the dynamo-electric or accumu- 
lative principle of generating currents, makes reference to 
the two papers on the subject presented, the one by Sir 
Charles eatstone and the other by himself, to the 
Royal Society in February, 1867. The machine then de- 
signed by him, and shown in operation on that occasion, 
is again brought forward with a view of indicating the pro- 

ss that has since taken place in the construction of 
ynamo-electrical machines, particularly those by Gramme 
and Siemens-von Alteneck. The paper next points out 
certain drawbacks to the use of these machines, both of 
them being subject to the disadvantage] that an increase of 
external resistance causes a falling off of the current ; and 
that, on the other hand, the short circuiting of the outer 
resistance, through contact between the carbon electrodes 
of an electric lamp, very much increases the electric excite- 
ment of the machine, and the power necessary to maintain 
its motion, giving rise to rapid heating and destructive 
sparks in the machine itself. ; 

An observation in Sir Charles Wheatstone’s paper is 
referred to, pointing to the fact that a powerful current is 
set up in the shunt circuit of a dynamo-electric machine, 
which circumstance has since been taken advantage of to 
some extent by Mr. Ladd and Mr. Brush, in constructing 
current generators. 

The principal object of the paper is to establish the con- 
ditions under which dynamo-electric machines worked on 
the shunt principle can be made to give maximum results. 
A series of tables and diagrams are given, the results of 
experiments conducted by Mr. Lauckert, electrician, em- 
ployed at the author’s works, which lead up to the conclu- 
sion that, in constructing such machines on the shunt 
principle, the resistance on the rotating helix has to be 
considerably reduced by increasing the thickness of the 
wire employed, and that on the magnets has to be increased 
more than tenfold, not by the employment of thin wire, 
but by augmenting the length and weight of coil wire 


“—- b : : ; 
he results of this mode of distributing the resistances, is 
summarised as follows : meee 

1. That the electro-motive force, instead of diminishin 
with increased resistance, increases at first rapidly, an 
then more slowly towards an asymptote. 

2. That the current in the outer circuit is actually greater 
for a unit and a half resistance thanforoneunit. = 

3. With an external resistance of one unit, which is 
about equivalent to an electric arc, when thirty or —7 
webers are passing through it, 2.44 horse power is expended, 
of which 1.29 horse power is usefully employed, proving an 
efficiency of 53 per cent., as compared with 45 per cent. in 
the case of the ordinary dynamo-machine. 

4. That the maximum energy which can be demanded 
from the engine is 2.6 horse power, so that but a small 
margin of power is needed to suffice for the greatest possible 
requirement, 

5. That the maximum energy which can be injuriously 
transferred into heat in the machine itself is 1.3 horse 
power, so that there is no fear here of destroying the in- 
sulation of the helix by excessive heating. 

6. That the maximum current is a ximately that 
which would be habitually used, and which the commu- 
— collecting brushes are quite capable of trans- 
mii . 

Hence the author concludes that the new machine will 
give a steadier light than the old one with greater average 
economy of power, that it will be less liable to derange- 
ment, and may be driven without variation of speed by a 
smaller engine ; also that the new machine is free from all 
objection when used for the purpose of electro deposition. 


* Abstract of r read before the Ro Society, 
March 4, 1880. ald val . 





by a pointed metallicabutment situated at such a distance 
from the arc itself, that the heat is only just sufficient to 
cause the gradual wasting away of the carbon in contact 
with atmospheric air. e carbon holders are connected 
at the iron core of a solenoid coil, of a resistance equal to 
about fifty times that of the arc, the ends of which coil 
are connected to the two electrodes respectively. The 
weight of the core (which may be varied) determines the 
force of current that has to pass through the ting 
coil in order to keep the — in suspension, and this in 
its turn is dependent upon the resistance of the arc. The 
result is that the length of the arc is regulated auto- 
matically, so as to maintain a uniform resistance signi- 
fying uniform development of light. 





FOREIGN AND COLONIAL NOTES, 
Coal in the North of France.—The extraction of coal in 
the French department of the Nord in 1879 amounted to 
3,167,121 tons, as compared with 3,240,004 tons in 1878, 
showing a diminution of 72,683 tons last year, The pro- 
duction of coal in the Pas-de-Calais in 1879 was 4,174,800 
tons, as compared with 3,829,851 tons in 1878, showing an 
augmentation of 344,949 tons last year. Upon the whole, 
the total extraction of the two basins was 7,342,121 tons in 
1879, as compared with 7,069,855 tons in 1878, showing an 
increase of 272,266 tons last year. 

French Railways.—The French Minister of Public 
Works has deposited in the Chamber of Deputies a Bill 
relating to a convention concluded between the French 
Government and the Orleans Railway Company for the 
purchase of a portion of its network. This ial pur- 


chase is re ed as an indication that the French Govern- 
—_ has doned the idea of complete and general pur- 
chase. 


Mail Cars on the Union Pacific.—The Union Pacific 
Railroad Company is building nine new mail cars. They 
are 64ft. long, and are fitted up with the best appliances 
for the mail service. At one onl are berths for passengers. 
The ventilation is at the sides only, and there are no end 
doors for communication with the rest of the train, a pre- 
caution against train robbers. The roofs are smooth and 
uniform, with no openings except for stove pipes at each 
end. The windows in the sliding side doors are large, and 
— . line with others. All have Miller platforms and air 

rakes. 


New Iron Lighthouse.—A new iron lighthouse which 
the Keystone Bridge Company have been building for the 
Mexican Government is completed. It has been standing 
on the bank of the Alleghany river for some little time, 
but it will now be taken down and shipped to Tampico. 
The tower is 146ft. 7in. in height. Another lighthouse 
has been contracted for, to be erected at the Anegada de 
Afura reef, five miles off Vera Cruz. 


Bessemer Steel Rails.—Herr Kerpely contends that 
manganese and silicon do not harden steel low in carbon, 


centage of both is high, as the quantities of both grow 
equal. As long as the percentage of silicon is not much 
more than one-half of that of manganese, the harden- 
ing effect of both is noticeable, provided the percentage of 
carbon does not fall below 0.15 per cent. 


The American Coasts.—Efforts are being made by 
officers connected with the United States army and na 
to induce Congress to provide the American coasts wit 
improved ordnance, capable of resisting the attacks of 
foreign ironclads in case of-war wlth European powers. 


Corliss Engines.—The Lawrence Company, Lowell, will 
soon put in a 1000-horse power Corliss engine. 


Canadian Railways.—Canada has at present 6143 {miles 
of railway in operation, while 721 miles more are ep | 
finished. A company has been formed to construct an 
work a loop line between the Grand Trunk and the Quebec, 
Montreal, Ottawa, and Occidental Railways, the divergent 
point being Point Au Claire. 

New South Welsh Minerals.—The value of the mineral 
production of New South Wales in 1877 was above the 
ave’ of the last ten years by about 40,0001. It amounted 
to 2,172,0001., of which coal furnished 921,0001. 


American River Steamers. — The Bostonia, running 
from Cincinnati to Hunti m, has a length of 302 ft., 
four steel boilers, 30 ft. long and 47 in. in diameter, 
engines with cylinders 25 in. in diameter, and 8 ft. 
stroke, “driving 27 ft. side wheels of 16 ft. face. The 
swiftest boats on the Ohio will carry 450 tons on 4ft. 
water. The Guiding Star has run 17 miles an hour with 
1400 tons of cargo, and the T. M. White, the most power- 
ful boat on western waters, and considered one of the 
fastest, is mentioned as worthy of conuenties with any 
onthe Hudson river. Her hull is 320 ft. long, 50 ft. beam, 
andilft.6in. deep. There are ten boilers, 34 ft. long, 
and 42 in. in diameter, which furnish steam for two hori- 
zontal engines with cylinders 44 in. in diameter, with 11 ft. 
stroke, working wheels 44 ft. in diameter, with 19 ft. face. 
The White is high pressure, carrying steam at 175 lb. per 
square inch. 

Italian Railways.—There is at t a large demand 
for railway material in Italy, and this demand is likely to 








continue for a considerable time tocome. The Govern- 
ment has taken measures en’ i to the pro- 
jects brought before the I Parliament during the 
session of summer. The proposed works are compre- 


hensive, but will be execu’ 
spreading the expenditure over a number of years. The 


and that their hardening effect decreases, even if the per- | »isoq 


apprehended. One of the most prominent lines is one in- 
tended to connect Novara with the Swiss frontiers. Skirting 
the banks of the Lago iore, the line will have a 


+ terminus at Pino, and will there join the St. Gothard line. 


The route next in im ce is destined to connect Rome 
with Aquila and Imana, whence communication 
established with Pescare. The importance of this line 
is purely strategical. Then follows a line to be constructed 
from Parma to , Spezzia. The latter place being the 
chief naval dep6t, it is eminently desirable to place it in as 
direct communication as possible with Bologna and the 
other strongholds of the kingdom. 


Venice.—The merchants of Venice are bestirring them- 
selves to compete with Trieste. An extensive graving dock 
has been Maa during the past twelve months, which 
tends to enhance grea y the value of Venice as a shipping 
port. The length of the bottom of the basin is nearly 
400ft., and the width 72ft. The depth is 32ft. The 
steamers of the Peninsular and Oriental Steam Navigation 
na derive especial benefit from the completion of this 


Railway Enterprise in ya gm despatches from 
Yokohama state that Mr. wford, an American engi- 
neer, has been authorised to make purchases of stock and 
materials for a railway to extend from the coalfields in the 
interior through Sappero, the capital of Yezzo, to a port on 
the north-western coast, a distance of 53 miles. 


The Hudson River Tunnel.—As —— i roposed, the 
Hudson River Tunnel would have n Bape le bore, 
incep oon te accommodate tre maleeg edie. x 
cently the company have c » an 

will now be two small bores instead of one one. 

The Past American Winter.—The remarkable freedom 
from snow of the winter just closing in the United States 
has served to lighten very materially the working expenses 
of American railroads. New York and Nort Sosy 
roads were subjected to Levy 4 e last winter by 
excessive snow falls, but while there has been some trouble 
west this season, it is not ccmparable with that of last 
year. 





Mrntne MacHInery.—We notice that Messrs. Oliver 
permitens eee of mt a » have just a ms ex- 
ce ~_ of mining machi and a 
pliances made by them. The catalogue includes parlloalareet 
winding and pumping machinery, pit-head gear, ventilating 
fans, -boring ¥ washing and ore crush- 

and other plant not us 





ing inery, dealt with in 
trade catalogues. : 

Mr. HENLEY’s TELEGRAPH Works.—The telegraph 
and other works of Mr. W. T. Henley, situate at North 


Woolwich, were taken over as from 1st inst. by W. T. 
Henley’s Tel hh Works Company, Limited who are 
carrying on the business as manufactures of submarine 
and land telegraph cables, wire and appliances, galva- 

corrugated sheet, galvanised s fencing wire, 
Henley’s patent cores, &c. Mr. Henley retains consider- 
able interest in the company, and his valuable services have 
been secured. 





Deatu or Mr. Joun D. Narrur.—We regret very 
much to have to announce the death of Mr. J. D. Napier, 
son of the late David Napier, the pioneer of deep-sea mmo 
navigation, and a member of the firm of Napier Brothers, 
engineers, Glasgow, a firm whose steam win and other 
ingenious mechanical contrivances are in great request 
amongst marine engineers. Mr. Napier died somewhat 
suddenly last Friday from congestion of the lungs, after a 
very short illness. At his death he was over sixty years of 
age. Like his brother, Mr. Robert D. Napier, whose 
letters on various questions in engineering science have 
from time to time appeared in ENGINEERING, he was trained 
as an engineer by his father after the latter settled in London, 
now many years ago ; and in his early life he took a some- 
what prominent position as a practical engineer on the 

es. He subsequently spent a number of years in 
Australia, but for a considerable length of time he tad held 
an excellent place amongst the manufacturing engineers of 





Glasgow, where he was well known and much esteemed. 
THE Vacuum Braxz.—An im nt change has been 
made in the organisation of the Vacuum B Company 


by the retirement of Mr. D. M. Yeomans, whose name has 
se agg perm 9 J er eo» from — ~ with the vacuum 
e, from the position of manager e com: . Mr. 
Yeomans, who has now taken a position with the Westing. 
house Brake Company, has just issued a circular, explaini 
his reasons for this s In this circular Mr. Yeomans 
says: “‘ Having thoroughly satisfied myself that the 
01 vacuum brake could never prove a financial 
success, I sought to replace it with an effective automatic 
vacuum brake, and after thoroughly trying all the 
different systems, and finding serious defects in each, I 
invented one myself in the hope of remedying the defects 
I had found in the others. In this I have been neste, 
and I am perfectly satisfied that vacuum brakes must 
remain of the simple non-automatic kind.... I then de- 
manded and o my from the it of 
the eg owe Comeney, Brea made the —_ be awh I 
could wi' estinghouse , being reluctan 
convinced that in future entematie bealia only will be 
accepted by railway companies, and that of all automatic 
brakes the inghouse is the best, and in upon 








resol 
this change I have (as throughout) had the ad of 


the advice of leading railway engineers.’’ 
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MERCHANT STEAMERS.* . cargoes in bulk, and deficiency of shifting boards or Fuik- 2. sometimes arises from local deterioration has 
B. Marrext, Chief Surveyor of Lloyd’s Register of heads. or other means to prevent cargo from shifting. one 'y shown by experience, and the names of the 


B . 
: British and Foreign Shipping, Member of Council. 

Tux loss at sea of many steamers during the last few 
months, involving great sacrifice of human life and immense 
destruction of y, has drawn more than usual attention 
to questions 0! ty in the mercantile marine. 
le causes of such — — been epenst 

t points of view, an possibility of more 
ae andy puowliog inst similar losses in the future has 
been roe A = and rightly insisted on. 


9. Disproportionate dimensions of steamers, combined with 
undue height of double bottom, thereby causing, with some 
description of cargoes, deficiency of stability. 

10. Overloading. 1% 

Of the foregoing sources of danger it is not too much to 
say that all have, at some time or other, claimed their victims, 
but in connexion with recent disasters special prominence 
has been given to the last three or four, and as a full con- 
sideration of all the causes I have named would extend 





Fig.7?. 


tic, and will readily occur to every one 

in proof of this. _It is also fully recognised that this 
has been rapidly diminishing since the practice of cemen 
the inside of iron ships has me universal, and since it has 
equally become an object with every one to make all parts of 
the structure easily accessible. 

Instances could of course be adduced where, owing to 
inferior cement being used, the plating of the bottom ,, in. 





thick, has been eaten through from the effect of a sugar 
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As too often has happened before, in many of the recent 
disasters all hands have perished, so that no certain informa- 
tion has been obtainable to indicate the cause of loss, and we 
are, therefore, left to draw conclusions as best we can by 
deductions from general experience and circumstances, and 
the facts elicited from survivors who have been provi- 
dentially saved from some of the vessels that have foundered. 

Information of the latter kind would be invaluable if we 
could always depend upon its accuracy, and on the absence 
of exaggeration. Few men, however, at moments of extreme 
danger, have either the coolness or the leisure to note 
correctly what is passing around, and whose memories can 
be trusted to convey afterwards an exact narrative. At least 
that is my experience after many investigations. This it is 
which in a measure leads to so many conflicting opinions, 
as we see daily in the press, and hear in shipping circles. 

There ean, howowen, some facts which stand out only too 
clearly as elements of danger, and to these I hope to draw 
your attention, as well as to some others of importance, 













































































a TABLE OF REFERENCE TO CURVES OF STABILITY.—Fia. @. 
5 ae F spank | | |aéaxtenuan! 
Reference - a | Registered Metacentric| Maximum |“® oy Righting Mo- ion. 
Letter. | DESCRIPTION oF STEAMER. Tons. | Dessenetens. | Height. | Stability at Righting ment at 90 deg. Freeboard. Condition. 
we mse a ft. deg. | foot-tons,|  foot-tons. ft. 
A Three-decked vessel ... a 1402 | 245 by 33.3 by 23 0.7 25 ,080 None 4 Cargo of coals 
B with 80 tons of water ballast 1402 245 by 33.3 by 23 1.2 32 1,860 4 
© with 2 ft. additional breadth 1450 245 by 35.3 by 23 13 25 1,540 4 
D 2 with 1 ft. more freeboard ... 1402 | 245 by 33.8 by 23 1.3 40 | 2,620 5 
E | Raised quarter-deck vessel ... 1050 245 by 42.3 by 17.6 | 1.5 33 2,000 3 
F | Full-poop vessel 1000 | 245 by 82.3 by 17.6 15 52 | 4,460 588 P 3 Pape | 
| ‘ ‘ | 7 1 foot to main | 
G Spar-decked vessel 1360 245 by 32.3 by 24 | 0.8 55 4,800 1647 8 ft. 6in. to spar deck * 
H Three-decked vessel «| 2005 285 by 35.3 by 24.5 3.5 60 } 11,800 8094 6 ft. 6in. \Cargo of iron, spiegel, &c 
| 
though perhaps not in so greata degree. And I think I| beyond the necessary limits of this paper, I purpose dealing | cargo within six months from the date of launching. I 
shall be able to show you that some important misconceptions : with these latter, while at same time | may instance ya only within the last few weeks an iron 
vessel which omnia 


exist as to the causes of loss, which create unwholesome pre- 
judices and do positive injury by withdrawing attention from 
the real sources of evil. It will be well perhaps in the first 
| ape to run over a list of the several causes assignable 
‘or shipping disasters before discussing their relative import- 
ance. 


We have then: 

1. Weakness of structure from deficient scantlings, combined 
with faulty construction in arrangement and workmanship, 
together with inferiority of material. 

2. Deterioration, causing local defects and unseaworthi- 


ness. 

8. Absence of proper control over cocks, valves, and pipes 
connecting the engines and boilers with the sea. a 
want of proper arrangement of bilge pump cuctions, and of 
suction pipes from sea and bilge, whereby water, from in- 
—- or carelessness, can run from the sea into a 
veasel. 

4. Faulty and deficient pumping arrangements, preventin 
the accumulated Sabie bela Su spoon vaplages aby om 4 
of bilge, after a vessel, from shifting cargo or other cause, 
has become incli 


inclined. 
5. Breaking down of machinery, and the consequent falling 
off of the vessel into the trough of the sea. 
6. Bad navigation—leading to collision or vessels running 
ashore. 











* Paper read before the Institution of Naval Architects. 


principal] 
glancing briefly at the others in the order in which they are 
named. 

1. As regards structural weakness and inferiority of 
materials used in building cargo-carrying steamers much has 
been publicly said and written respecting this, both by those 
whom it was right to assume had some knowledge of the 
— and by others who had little or no acquaintance 
with ship construction, and the inference which some of 
these persons desired to have drawn respecting the unknown 
losses of many of these vessels was, that they broke in 
halves from inherent weakness and so disappeared in mid- 


It may, however, be said that these conjectures are not 
founded on any known evidence, and that on the other hand, 
from the experience of hundreds of similarly built vessels, 
as well as from scientific calculations, it is easy to show there 
was abundant structural strength, and, besides this, 
the items of informa‘ion which have been gathered from the 
unhappy survivors of some of these vessels which have 
joa there has not been a particle of evidence ia this 
direction, but it has invariably pointed to other causes of 
disaster which will be hereafter alluded to. 

From all the information I have been able to obtain from 
outside sources on this side of the Atlantic and the other, and 
from my own experience, and that of our large staff of sur- 
veyors whose duty it is to carefully survey all classed vessels 
on their arrival home from foreign veyeqee, I am justified in 
stating emphatically that the these recent losses 


. 





su, cargoes amongst others was 
found to have as many as eighty of theiron floor plates eaten 
through, and which had either to be renewed or made good 
by doubling plates. ‘ 

The effect of galvanic action is also sometimes observed 
from the contact of copper pipes or roses with the outside 
plating, wkere the latter is not properly protected by cement. 

All these i I need hardly say, show the importance 
in vessels which 


of careful periodical surveys, icularl i 
careful pe 8 ys, part pted tor the ineide 


were built before cement was generally 
protection of the bottom plating. : ‘ 

3. As regards sea cocks, much might be said on this head. 
There is no doubt that the loss of many steamers have in the 
past arisen from an injudicious arrangement of cocks, valves, 
and pipes in connexion with the m and the sea. We 

ve only to remember the loss of the La Plata, and thenarrow 
escape of the L’Amérique, and other vessels which could be 
named which have m iously filled with water at sea, not 
to mention the cases of vessels which have filled and sunk in 
docks, to convince us that there have been, and still to some 
extent exist, silent dangers in the engine-rooms of steam 
vessels, which require careful supervision. 

This danger has doubtless within the last few years con- 
siderably diminished, as nearly all steamers now built have 
all cocks, valves, &c., in connexion with the ses, fitted above 
the stokehole plates or platform, so that at all times they 
can be seen and kept in proper and safe 


4. Much greater attention has been found to be necessary, 

















Marcu 19, 1&80.] 


ENGINEERING. 








asto pumping arrangements, than was till lately thought 
requisite, so as to insure adequate means of pumping the 
vessel out by the engines at any angle of inclination in which 
she may be placed. It is of the im that 
sufficient suction pipes should be led from the different com- 
partments to the engine-room of steamers, and that these pipes 
should be connected not only to the bilge pumps on the main 
engines, but to the dovkey —- also, so that the whole of the 
steam~pumping power in vessel — ¢ be applied whenever 
required. here double bottoms are fitted for water ballast, 
attention is also now paid to the arran t of suction 
pipes, so as to enable any compartment to be wholly pumped 
out under any condition of the trim or position of the vessel. 
These have in past times been found common sources of incon- 
venience and of danger, for when a steamer was inclined and 
water had gathered in the bilges, it was not always the case 
that proper suction Pipes existed to enable the steam-pumping 
power to be used, and failing this, the water has continued to 
accumulate until the fires were put out and there were no 
means of righting or saving the vessel. It is only right to 
add that in steamers now being built this subject is gene- 
rally receiving very careful attention. 

Fig. 1 shows a steamer having a deep tank for water 
ballast in the forehold, and double bottom for water ballast 
under the engine and boilers, and also in the after hold. B 
the arrang t of suction pipes, sluices, and pumps, it will 
be seen how water can be pumped from any compartment at 
any angle of inclination of the vessel, and it is only by such, 
or a similar arrangement, that water which may have found 
its way into a steamer can be kept entirely under control. 

5. Breaking down of machinery. 

The greater experience acquired in the management of 
steamers has forced upon owners and managers the necessity 
of a special and careful examination of the engines on the 
return of the vessel from every foreign voyage, and the em- 
ployment of superintendent engineers, in order to avoid the 
risk of a break down, and the attendant consequences which 
a | follow, not only in the loss of the vessel, but of delay 
and cost in putting into a foreign port for repairs. 

Too much importance cannot be attached to this, as from 
the great proportionate length of steamers now built, 
the smallness of sail power often provided, combined with the 
non-effectiveness of the rudder under sail alone while the 
screw propeller remains attached, render it almost impossible 
to keep a vessel to any particular course, and hence the risk 
in falling off becomes enormous, with a low freeboard and 
small margin of stability. In having to encounter heavy 
seas under such circumstances, the danger can scarcely be 

ified, and it arises perhaps from a slight casualty to the 
engines which by careful supervision before leaving port 
— have been obviated. 
nd here I may mention another point of great importance 
that leads to a similar danger to the foregoing, and has un- 
fortunately led to many disasters. I allude to the too fre- 
quent breaking of rudder chains, or the disabling in other 
ways of the steering geer. Cargo steamers being often 
steered amidships from the bridge, the rudder rods and 
chains have to be led long distances, and sufficient care may 
not be taken in fitting the sheaves properly for the rods to 
work over, or the leads for the chains may not be so fair as 
they should be. 

At any rate, from one cause or another, accidents in this 
direction have happened too often, and when from want of 
sufficient propelling power to keep her course safely, which is 
too often the case, a slow, deep-laden steamer has to adapt 
herself to a course safe and practicable, this position and her 
safety depend entirely on the rudder not being disabled. 

The strains at such times brought on the chains and rods 
are very severe, and unless the material and workmanship 
be exceptionally good, woe away from a heavy sea becomes 
a trying ordeal, for if anything should give way nothing can 
prevent the vessel from falling off into the trough of the sea, 
and being placed in imminent peril. This has very recently 
been shown to arise even in one of the largest American 
liners. This vital part to the safety of 0 steamers is 
often, it is feared, paid less attention to than its importance 
merits. 

6. Bad navigation, leading to collisions, or vessels running 
x" I lled peak professional 

n this point I am not called upon to s rofessionally. 
Indeed were it otherwise, I should not feel condt compe: 
tent to do so before an audience composed largely of naval 
officers. But that bad navigation prevails, and prevails 
largely, we see from] the records of collisions in our news- 
papers and law courts, and the numerous findings of courts 
of inquiry that vessels were run ashore through the neglect 
of soundings and other preventible causes. 

At the same time my experience leads me to believe that 
the officers of the mercantile marine have considerably im- 
proved of late years. Whatever may be said to the contrary, 
the examinations they have to pass to obtain their masters’ 
certificates tend to raise the educational standard among 
them without impairing in the least their practical know- 
ledge : on the contrary, a higher intelligence enables them 
more accurately to read the teachings of experience, It is 
fortunate that this is so, for as steamers grow in size and 
value from year to year, the enormous value of the property, 
and the number of lives committed to the charge of these 
men goes on increasing, as well as the difficulty of handling 
such monsters. When we come to consider other causes of 
loss arising from overloading and improper stowage, it will 
be impossible to acquit shipmasters of all blame, but it must 
always be remembered of them that, whatever may be their 
faults of omission or of commission, they always risk and too 
often have to pay the penalty of their lives in return for 
their mistakes, whether they arise from ignorance or inad- 
vertence. 

7. I have mentioned the question of inefficient protection 
to engine and boiler openings, and other openings in the 
deck, and this is one to which I have before drawn attention ; 





but I fear due importance is not yet given to it. From want 
of due precaution in this, and in failing to provide proper 
coverings for stokeholds and fastenings for coal bunkers, 
pipes, or hatches, many losses I feel certain have occurred. 








When we-hear of the funnel and ventilators being washed 
away in some of our passenger steamers, with decks 
10 ft. or 12 ft. above the water, what are we to expect if 
ee eS a given to these vulnerable parts in 

ply 
not 


wre nabs ships, with a freeboard in some instances | abo 
ing 4 ft. ? 


Notes of warning have often been sounded in this direc- 
tion, and the difference of these dangers in different trades 
has been insisted upon; but still the special requirernents 
needed are often not realised or applied to the extent they 
should be. 

The demand for cargo steamers during the last year or 
two for the trying Atlantic trade, and the generally 
condition of other trades, have caused vessels to be sent 
across the Atlantic in mid-winter by owners who doubtless 
would otherwise scarcely have thought such vessels suitable. 

Perhaps it will tend to throw light on the development of 
steamers for the various i nepuen if we glance 
at the earliest steamers 80 notice ti 
of types as —— — ——-_ size — number. _ 

e employment of steamers for special car, 
purposes alone had its rise on the north-east coast for the cal 
carrying trade, and from this type of vessel may be traced 
the various alterations throughout their development to adapt 
them to the general purposes of the trade for which they are 
now employed. 

The earliest steam vessels built forthe coasting trade were 
about 160 ft. long, 25.6 ft. broad, and 15.6 ft. deep. The 
more recent vessels employed in this trade have been in- 
creased to 220 ft. in length: the only alteration of im- 
portance made in the later vessels in addition to increasing 
their size being to increase their relative fulness of form, 
whilst the earlier vessels had a coefficient of tonnage fine- 
ness of .72, many of the later ones have been increased in 
fulness to .77 

As the steam-carrying trade became developed, and 
steamers became built for longer voyages in the Baltic and 
Mediterranean, greater length was 
vessels, while all the objectionable features of extreme fulness 
of form and flatness of floor were retained. Two principal 
causes doubtless operated to retain these features in cargo 
steamers. 

In the first place it was thought, the less the area of mid- 
- section - — oo“ the water under the ~ yo 

ment, the less the propelli power required. 

Scsadiy, that as pie als Pater so widely from sailing 
ships in having no top weight of heavy masts, and their 
stability consequently, when light, was so much greater, 
that there was less necessity to have a rise of floor to insure 
sufficient stability in shifting when discharged. Conse- 

uently the two great advan were obtained in having a 
fet floor, viz., the reducing the draught of water with the same 
displacement, and the carrying the greatest cargo under the 
same principal dimensions, whilat —— to place the 
engines and boilers as low as possible. result of this has 
been to destroy nearly all beauty of architectural form in a 
large proportion of seagoing cargo steamers, by producing 
an approximation to a rectangular prism, whilst at the same 
time, as will be shown, it has at last been the means of in- 
troducing a positively dangerous element in this class of 


vessel. 

The full flat-bottomed form for steam colliers was no doubt 
oe suitable for 1 — trade, as the case reat 
8 was not so profitable as ing a relatively large 
car Messen. the fitting double Bottoms throughout 
the fore and after holds was also most economical and safe 
for such vessels, seeing they always carried similar cargoes, 
and were found by experience to have sufficient stability 
either filled with coals, or with water ballast alone. But it 
does not at all follow that vessels still further modified to suit 
general es, where on one voyage they may iron ore 
stowed on the ceiling or inner bottom, and on return 
voyage may be quite filled with grain or other homogeneous 
cargo, can safely be built of similar proportions and form, and 
similarly fitted with water-ballast tanks throughout as in 
their prototypes the colliers. The growth, however, of 
elements of unsafety in the design of seagoing cargo steamers 
can be clearly seen, and may, I think, be traced as follows : 

If we take a vessel of the same length as one of those 
recently capsized, and trace the alteration of type under 
which such vessels have grown from the flush-decked collier 
to the fitting of a raised quarter deck and monkey forecasile, 
and subsequently the short poop, bridge house, and fure- 
castle—and again the long poop or connexion of poop and 
bridge house, extending from the stern to the front of the 
engine-room ; and from this to the spar deck, and finally to 
the complete three tiers of beams, having the full scantlin 
to the gunwale; we shall be able to form an opinion of 
relative safety of such types of vessels as regards their 
stability alone, under the various conditions of loading now 


in practice. 

The vessels referred to, which recently capsized when loaded 
with car, of coal and grain, were all vessels having full 
scantlings to the upper deck, and were much alike in pro- 
portionate dimensions. 

The following are the particulars of one of them: 


ft. 
Length ooo oo 246 
Breadth ... ooo eee eee 33 
Depth of hold ... ove o 23 


Vessels of the same length as above, and from which it 
may be said the latter ‘ype of vessel has arisen, have been 
built 245 ft. long, 82 ft. broad, and 17 ft. 6 in. depth of hold, 
having a long raised quarter deck about 3 ft. 6 in. above the 
main deck. Such a vessel is shown in Fig. 2, page 232, and 
in fact illustrates one of this class of vessels now in existence. 
The draught of water when fully laden with coals, as indi- 
cated in the di , would be about 16 ft. 3 in., and by 
careful calculation it is found that the metacentric height 
would be 1.5 ft., so that such a vessel could be inclined to an 
extreme angle of 66 deg. before arriving at the point of 
vanishing stubility. 

If we go further, and take a long poop vessel of the same 
length—that is, one having the poop and bridge house con- 


he alteration | 24 


given than in the earlier | d 
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The metacentric height 
with grain or coals, assuming the 
portion only of the space to be 
spar decks, is found on calculation to be 0 
maximum nape te . with a 
still in reserve at 90 deg. inclinati 
board of this type of ship, thus showing 
cases, that such a vessel would, if 
an ample margin of stability. 
Coming now finally to the vessel of the 
whose scantlings are continued of the full 
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below the main deck, and consequently 
the main and spar deck only partially filled 
latter vessel is purposely increased in 
of the main, or rather the middle, deck 
below the water. The effect of all this additional top — 
in the vessel above the main deck may be expected to 
the stability small, and calculations show ; 
stability under such conditions becomes 
the case of the vessel I have been describi 
structed load line was within 4 ft. 
0.7 ft. 
in . i . 

¢ 
ing; thus scarcely creating surprise that such vessels have 
capsized, and that this has sometimes occurred a few days 
after leaving port. 

Curves of stability of the different types of vessel referred 
to are shown on Fig. 6, together with an exp Table 
of reference, and the curve marked A shows the stability of 
one of the *‘ three-deck” vessels referred to, loaded as I have 
described. It will be seen that it is exceedingly small and 
unsatisfactory. Curve C shows the effect which would be 
produced on this vessel by increasing the breadth 2ft. The 
gered at moderate angles of heel is increased considerably 

y step. 

The effect which depth of loading has on the stability of 
the vessel is clearly seen by curve D, which shows that by in- 
creasing the freeboard 1 ft., and retaining the original breadth, 
a great gain in point of stability and safety is obtained even 
as compared with increasing the breadth 2 ih. 

In this case, the maximum stability is increased from 26 
deg. to 40 ~eseng the range of stability is extended from 


52 deg. to 80 
From this it appears pretty evident that, whilst the types 
ually altering through the stages 


of steamers have been 
tiers of beams, up to the vessel with two decks and three tiers 
of beams, or what is known as the “ three-deck’’ vessel, in 
each stage the top weight being increased and facilities 
afforded for deeper loading—the necessary stability has not 
been made commensurate with the requirement for the latter 
type of vessel, and hence there are a large number of cargo- 
carrying steamers now in existence of this class to which 
great care will have to be applied in loading, particularly the 
smaller ones, when they are conveying homogeneous cargoes 
if ae accidents with which we are acquainted are to 
avo 

The question, however, is not only how are we to deal with 
similar vessels in existence, but also how is the safety of this 
type of vessel to be improved in building others? One of the 
most essential changes is to increase the beam. Another of 
not less importance is to provide a greater freeboard. And 
here it may be interesting to draw attention to other ten- 
dencies which have kept the relative beam of steamers small, 
in addition to the belief, as before stated, that a small mid- 
ship section was an important element as 
Steamers when light are stiff, ~~ 
and when in ballast are uneasy, tend to strain themselves 
if the beam is too much increased, They also have frequently 
to take in heavy dead-weight cargoes, special 
arrangements for the stowage of such cargoes ordinaril 
adopted being carried further than at present, broader vesse: 
would labour heavily. Considerations of this kind have 
tended to map cargo steamers narrow, and as they frequently 
carry heavy dead-weight cargoes on one royege followed by 
light - car, the next, causing great differences in their 
stability, the design in most favour under such circumstances 
has been a compromise, in order to meet these various re- 
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The greater original cost,.and the expenses in workin 
steamers as compared with te Fp are ione-sieoasalt 
rapi teh in port a question o im ; 
setae hy eis cn 

ven to the sto of cargoes of di ifie gravity in 
Seamer, and they have too often been suppoecd tbe sui 
ciently safe, whether loaded with a cargo of iron ore on the 

iling, or filled with a cargo of grain. 

No compromise, however, in form or proportions, will insure 
immunity against laxity of this kind, and unless in loading 

the notion of tahiliay and Waited ~ : ~ 
as to uestion ili are gui more ex- 
ienen, 20 hes boon the onse with calling chipe, clanilar acdi- 
Sate will recur, whatever provision may be made to prevent 
them. In consequence of nearly all the steamers which have 
foundered this winter fitted with double bottoms, it has 


been associated in the minds of many with the direct cause of 
these accidents, and viewed with disfavour by underwriters 
and others affected by these losses. 


It should, however, be borne in mind that nearly ail the 
cargo steamers now built are fitted with double bottoms, so 
that the fact of the vessels lost having double bottoms follows 
almost as a matter of course, and is no indication of the cause 
of the disasters. That the double bottoms fitted to these vessels 
have in uence of insufficient beam in some cases contri- 
buted to their loss there can be nodoubt, but from the remarks 
one hears all round it is evident that much misapprehension 
— ~ as to -+ a a o- —— tanks 1 
on the capsizing of vessels of this type. oS y 
many that, in addition to raising the cargo, the double bottom, 
being water-tight, has a lifting power inherent in itself to 
capsize the vessel. This I hardly say to the members 
of this Institution is purely fallacious, as the stability of the 
vessel is not affected one iota whether the air in the double 
bottom is absolutely enclosed or in free communication with 
the atmosphere. These double bottoms are all fitted with 
air pipes, and if the air iteelf had any tendency to rise or to 
lift the bottom of the ship it would rise through these pipes, 
—— being beyond atmospheric pressure it has no such 


ency. 

The real source of danger to the vessel in fitting these 
tanks, I need not say, is in lifting the centre = gone of a 
er pry © igher than it would be lifted by ordinary 
dunnage, and to this extent it renders a vessel more tender 
when loaded, and if her proportions and form make her other- 
wise a tender vessel, this influence might possibly render her 
dangerously unstable, and, without doubt, some of the recent 
voeThis fost in am exaggerated form has led 

is fact in an exag some to su 

that the fitting of these water ballast tanks in the bottome of 
vessels is under all circumstances inconsistent with safety, 
but I need not say that no danger need be feared from this 
mode of construction provided the proportions and form of 
steamers be made suitable to the height and extent of 
the tanks, and an intelligent judgment be exercised in load- 
ing them. The carrying of water baliast has become so 
essential a part of the economy of steamers, that it will well 
repay the time and consideration necessary to insure a 
a of such a convenience with the safety to the 
vessel. 

I have said that in cargo steamers it is necessary to effect a 
compromise between too little stability with grain and other 
ae cargoes, and too much with dead weight, such 
as iron, &c. 

I need not add that it is better to err on the side of the 
latter than of the former. One leads directly to unsafety, 
the other leads to uneasiness and straining, but only in- 
es a once it is under- 
8 y lifting - —— 

None of the Cleeeicn ae rom the survivors, and 
from other experience with vessels loaded with iron in the 
lower hold, goes to indicate that any actual loss has occurred 
from the vessel having excessive stability. 

But here again we must not go to extremes, for even 
recently cases have occurred where steamers have been placed 
in some jeopardy from excessive ee nay he violent rolling, 
owing to iron being stowed too low in hold. Beyond the 
fd risk of the engines breaking down, and of shippin 

eavy seas, it would be wrong to ignore the wear and tear an 
straining action on the ship. 

In passing it may be interesting to notice the following 
example of a new steamer, which recently made extremely 
heavy weather, and which has been attributed to the heavy 
dead-weight cargo of iron being stowed too low. 

I have given in Fig. 6 (eee 322) an approximate 
curve of stability of this * eck” steamer, marked 
“H,” whose dimensions are 285 ft. ya ft. 8 in. by 
Go ssunion wish. eunge: compewsd, peincipeliy, of tne. 
to ica with a cargo com incipally of iron. 
There. were 1700 tons of thie stowed in the hold, ex. 


3 ft. 6in. On her voyage she encountered hea 
and the consequence was that the vessel was severely strained. 
On her arrival at the of destination it was found, on 
examination, that many butts of outside ing and rivets 
were started and the decks strained and ing, besides other 
damage from the same cause. The difference between the 
curve of stability of this vessel, and that of \he vessels loaded 
ae ae » and there is 
obviously room for a t safety between them, free from 
any fear of — —,. 
xperience thus gained, however, has led to improved 
loading on future voyages, by raising the height of Similar 
and placing a greater of the iron on the 
middle deck. This, as before said, merely requires experience 


and judgment, and need not occasion additional outlay. Such 
experience has to be gained in loading all sailing ships, aud 
similar a should not be 


there is no reason wh 

—€ and exercised 
he dangers frout | 

therefore be met without 


those who have c 
ig heavy dead-weight 
ifficulty, but the principa. 


of steamers. 
can 
danger 





ENGINEERING. 
pene Are amntanee tg agai cunt 34 ing homo- 
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readil — itself, _ if these ao are to be pre- 
vented t must, when carrying cargoes as grain or 
coals, be less cargo carried between decks, or more heavy 
dead-weight below, as the case may require. 

That narrowness alone does not involve danger, if — 
judgment be exercised in loading, may be shown by illus- 
tra’ the case of a steamer which was referred 
to by Mr. W. John in a valuable paper read by him before 
this Institution in 1877. This vessel was 276 ft. long, and 
only 30 ft. broad, and having a depth of hold to the s 
deck of 24 tt. She has been employed up to the ante 
principally in the grain trade, and one occasion dis- 
abled by an accident to the rudder chains when so loaded and 
was abandoned. But though the cargo shifted, and she was 
rolling about in a heavy sea for some days in the Bay of 
Biscay, she did not capsize. In fact, the calculation of the 
stability of this vessel at that time showed that she might 
have been inclined through an angle of 111 deg. before the 

int of vanishing stability was reached. The cause of this, 

owever, was that the vessel was properly loaded, having 
to her proportions and consequent stability. 
he hold was entirely filled with grain in bulk, and as 
—_ stowed ee decks —— dng she could 
safely carry without i un rr.’ 

The owners of aa eae are well cuene that were she 
loaded quite full between decks, so that her main deck would 
be under water, as is the practice with most of the “ three- 
deck” vessels of the same total depth, in the first gale she 
encountered when so loaded, she would inevitably capsize. 

Hence it is not only a question of beam, but also one of 
depth of loading. 

turning to the question of the “three-deck” vessels 
having only a small margin of stability, for the purpose of 
seeing how this stability can usefully be in with the 
least loss and inconvenience, let us assume the ’tween decks 
to have two transverse bulkheads, within which cargo is to 
be stowed, and suppose we thereby carry 80 tons less than at 
present, and suppose the tank in the after-hold to be of a size 
to contain an equal weight of water, or to be divided by a 
water-tight division, as is now frequently done, this after tank 
could be run up with water, and by retaining the same load 
line, a marked improvement in her stability and safety would 
be effected as shown by the curve B, the range of stability 
being extended from 52 deg. to 75 deg. 

Here we have the simple question of less profit on the 80 
tons of coal or grain cargo, or a continuance of excessive risk, 
and from my knowl of steam shi ers, I am of opinion 
there is not one would hesitate which to adopt when the two 
courses are clearly pointed out. 

In the case of vessels about to be built, if we consider the 
dimensions of vessels now engaged in the grain- ing and 
similar trades, in connexion with the results of t cal- 
culations which have been given, we shall have no difficulty 
in arriving at one or more sound conclusions which I sin- 
cerely hope will be accepted, as it may tend to their in- 
creased safety. It may be said almost with certainty that 
many of these steamers combine in themselves many of the 
worst features which contribute to instability and consequent 
unsafety. 

These are: 

1. Small relative breadth to both depth and length. 

2. Great fulness of form throughout below the water line 
and extreme flatness of floor. 

8. Low freeboard. 

4. Undue height and extent of double bottom. 

The remedies, as I before stated, are greater beam, a more 
shapely form, a greater and a double bottom 
not deeper than necessary for the purposes of water ballast. 

But notwithstanding that these suggestions may be 
adopted advantageously, and a more stable vessel be obtained, 
it still remains, if we keep to the t “ three-deck” 
vessels, that we have a t of vessel intended in point of 
strength to be fully laden, but that when so laden having a 
very low free , and therefore not the most suitable for 
encountering heavy seas. 

And here the question arises whether the building of 
another type of vessel could not be which com- 
bines more elements of safety than the “ well” ship or the 
“ three-deck” vesse), and could perhaps be worked as econo- 


mically. 
300} Between the long poop and forecastle ship, having a high 


freeboard at each end, and a very low waist, and the full 
scantling “three-deck” ship, with short coverings over the 
ends and engine and boiler openings, with a low freeboard 
nearly all fore and aft, it may be asked, and often is asked, 
cannot a type of vessel be devised with a good freeboard all 
fore and aft that shall be an equally good paying and safer 
ship? It seems a question capable of easy answer, but in 
seality it is mized up with many others that open up 0 

field of inquiry. It is often asked why in cargo steamers 
of the long poop type, where the poo forecastle 
together cover perhaps two-thirds the length of the ship, the 
further obvious and inviting step is not taken of covering 
the “ well,” and getting a safe freeboard all 
aft? The answer wauaity ts that the prescribed 
water of the vessel would not admit of cargo being 
the new whereas the tonnage dues would be cons 
in This ny - of tonnage measure i 
the great o 
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it is 
to ————— in tho types of ships 
for the Atlantic trade, an ge | the grain trade, as it 
handicaps both the awning-deck the s type of 
ship, which naturally lend themselves to the maintenance of 
@ good healthy freeboard and freedom from capsizing. I 





the cargo was between decks, 
sufficiently low to give the vessel 
jhe ee of a lifeboat. 
is, that all this ’tween-deck space, 
safety to the rg ete Seder = 
dues, just as if the whole ship was 
2 ft. or 3 ft. deeper. 


i is tonnage question is an old 
and has been debated over and overagain. This is quite 
true; but I think few believe it is yet satisfactorily settled, 
and it is to my mind so intimately mixed up with this great 
loss of life and property at sea, that this must be my excuse 
for again raising it. a vessel is covered with a lighter 
superstructure, such as an ome for purposes of 
‘ety, and which cannot possibly be filled, or nearly filled 
with cargo, unless the ship is allowed to be loaded below the 
main deck, I would ask why the space actually occupied by 
cargo should not be measured, as is now done by the recent 
Merchant Shipping Act, with deck cargoes, instead of the 
whole space, or say a certain deduction made from the 
*tween deck space? No doubt there are difficulties in the way, 
but they are, to my mind, small compared to the end 
that would be achieved, and I trust this Institution will give 
it their most serious consideration, and press it on the atten- 
tion of the proper authorities. 

It is only those intimately associated with the mercantile 
marine who see how often, day by day, sometimes compara- 
tively in small things, the tonnage laws tend to prejudice the 
safety of ships. 

When, for instance, it was found that low and inefficient 
wood coamings to hatchways in cargo steamers contributed 
to their loss in several instances, iron coamings came into 
existence; and as this material enabled the coamings to be 
made much higher without practical difficulty, a very 
beneficial change set in towards making them high, so as to 
reduce the chance of heavy seas forcing them in, or large 
bodies of water resting on them. This was discouraged 5 
the space so enclosed being added to the ——- measure- 
ment, and so adding to the working expenses of the ship. 

The same may be said of the protection round the openin 
of the engine and boiler space. The best protection ible 
is an enclosed bridge house around the ergine and boiler 
one 3 butas the law at present stands, it encourages the 
ends of this bridge superstructure being left open instead of 
being closed by iron bulkheads. 

I was much struck with this a few months ago, when I 
officially visited a large number of steamers in course of con- 
struction in the North for the Atlantic trade, and on pointing 
out to the owners or builders the desira’ — of continuing the 
bridge house to the sides of the vessel, enclosing it so as 
to secure os — round > engine — 
openings against heavy Atlantic waves, I was invariably met 
by the observation that it would add too much to the work- 
ing expenses of the ship, as this space would be measured for 


tonnage. 

Where builders and owners are willing to incur outlay in 
the first place to secure additional safety, it is rather too 
much to put a tax on them for this outlay for ever after. 

These are all parts of the great question whether the 
tonnage laws could not be so amended as to encourage safety 
and safe types of merchant ships, rather than as at present 
tending sometimes in the opposite direction. 

We all know that those who administer the tonnage laws 
are as desirous as any of us to contribute to the safety of life 
and property, and it ‘is towards the amendment of the law, 
rather than to censure its administration, that my remarks 


are directed. 

I now come to a branch of the subject that has for months at- 
tracted iderable attention, and it isone of great importance. 
I refer to the losses _—— ships during the present 
winter. It may be in the recollection of many of my hearers 
that a series of almost us eled disasters during 
the winter of 1872, and led to much excitement. I cannot help 
believing that the great attention the subject received at the 
period mentioned led to greater care being exercised by those 
reponsible for the loading of grain cargoes in the succeeding 
am for the losses were immediately reduced, as will be seen 

the appended Table,* giving the names and particulars 
of cargo steamers foundered and missing ;during the years 
1872 to 1879 inclusive. 


The losses of the present year have also produced con- 
siderable excitement, and show that this subject of grain 
cargoes still requires careful attention. This is a matter 
which unfortunately can only be controlled indirectly from 
this country, for the very simple reason that the vessels are 
loaded in foreign ports, and if from insufficient attention to 
the stowage by those entrusted to supervise it the vessel is 
lost on the voyage, neither the evidence nor the persons 
oe Rt elegy etn forthcoming in this country for 
examination. The most we can hope to do at this Institution 
is, I fear, to make the perils of improperly-stowed grain 

known as widely as possible, to point out the 
best practical remedies known to those who have given par- 
ticular attention to the subject. That the cure for wholesale 
disasters lies within icable limits may, I think, be taken 
for granted, and it is borne out by the improvement effected 
immediately after the disasters of 1872. : 

Further striki srthenmns ef Vaventes hind many by cttalnet 
from experience o grain trade on . No port on 
the American continent, it has been stated, suffered more 
from the loss of grain-laden ships than that port did previous 
to 1873; and it will be seen from the Table of losses that 
within a period of four weeks during the winter of 1872, no 
less than six steamers grain-laden from Montreal either 
foundered or were missing. At Montreal, it may be known 
to many, they have a port warden, invested with certain 


* [Our space will not permit us to produce this Table.— 
Ep. E.] 
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owers over the shipping loading in the port. Up to the date 
in question, 1873, a shipmaster loading grain in the port was 
able to a fine of 40 dols. if he did not comply with the port 
warden’s regulations. 

This fine was so ridiculously low that shipmasters used to 

y it as a matter of course, and load their ships as they 
iked, and numerous losses used to ensue. 

In that year, however, the fine was raised to 800 dols. for 
evading the port warden’s regulations, and since that time 
not a single grain-laden vessel from the port of Montreal 
has foundered at sea. 

These regulations, together with some unofficial ones, more 
or less enforced at the ports of New York, Philadelphia, 
Boston, and Baltimore, all stipulate for the fitting of shifting 
boards, and for carrying a portion of grain cargoes in bags. 

We have shown that in the case of Montreal the measures 
now taken for — the regulations are exceedingly 
stringent, and that they have been of late years exceedingly 
effective. The recent losses of grain-laden vessels we have 
to deplore have arisen among ships loaded at the United 
States and Black Sea ports, and the question naturally arises 
whether the rules for loading grain, set forth by the surveyors 
to the Underwriter’s Association at these ports, and hereto 
appended, are fairly enforced. It has been objected that 
Montreal is scarcely a typical port, because the St. Lawrence 
being closed by ice during a portion of the winter the average 
losses may be expected to be less. But this certainty did not 
prevent the great losses which occurred from this port 
previous to the regulations of 1873. 

When recently in America I had opportunities of observing 
the loading of grain in bulk by means of elevators, and the 
difficulty of properly filling the hold by such means is only 
too apparent. The continuous stream of grain which pours 
in produces a stifling dust to such an extent that it is beyond 
human endurance to remain in the vessel sufficiently long to 
properly trim it, so as to fill the hold in the wings under the 
stringer plates and similar places. 

To show the serious nature of this, I may mention that 
during my visit there a steamer had left port so loaded, and 
after encountering heavy weather had to put into a neigh- 
bouring port, when it was found the grain had settled to such 
an extent as to require over 1200 bushels to fill the after-hold 
alone. Many opinions exist as to the settlement of cargoes 
of grain shipped in bulk during a stormy voyage, but there is 
no doubt it is greater than is generally supposed with the 
present despatch of loading. - 

Another instance of this I may mention, in the case of a 
“ three-deck” steamer recently arrived home from an American 
port, loaded with grain in the hold in bulk sufficiently high 
to enable just two tiers of grain in bags to be stowed be- 
tween the top of the bulk grain and the middle-deck beams. 
The depth ot hold to the middle deck was 17 ft.; and it was 
found that, on the removal of the hatches, though the in 
had been stowed in bags on boards laid on the top of the 
pes grain, these had settled so much in some places as 


in. 

Somewhat similar instances may be given, where the grain 
had been stowed in bulk to a height of a foot or more above 
the hold beams, with bags on top stowed on boards and ex- 
tending up to the deck, and the vessel having put back, it 
was found that the bulk grain had settled below the beams 
and shifted, leaving the bags and boards resting on the 
beams. 

The foregoing are sufficient to show that as at present 
loaded at some ports the grain in many of the vessels settles 
down to a considerable extent, thus rendering it impossible to 
keep the compartments full. 

It must be evident that with such experience as this, 
shifting boards fitted only 3 ft. or 4 ft. deep below the beams, 
asis often the case, are next to useless to prevent displace- 
ment of the cargo. 

It is well known that all grain will settle somewhat on a 
long voyage even when it has been carefully trimmed into 
the wings and under the beams and stringers. Some de- 
scription of grain of course more than others. The large 
amount of settling down in grain cargoes which has recently 
been heard of, however, must be due in great measure, as I 
have indicated, to the haste with which the grain is run into 
the vessel’s hold from the elevators, and which does not admit 
of its being properly trimmed under the beams and stringer 

lates. I have heard of steamers of from 1200 to 1800 tons 

en in some of the American ports within ten hours, and 
where this is the case it is obviously impossible to attend to 
the trimming. 

If we glance briefly at the conditions of grain loading, 
they will be seen to be somewhat as follows : 

1. The simplest is that of vessels having only one deck, 
with or without hold beams, and carrying grain of such a 
kind that her holds can be filled without the vessel bein 
overladen. Here, it appears easy enough to fill the hold with 
bulk grain, as has been customary from the Baltic and Black 
Sea ports; and this mode with proper shifting boards, might 
not be unsafe, provided the grain be soupedy trimmed into 
the wings, and trodden down so as to obviate any danger of 
its settling materially during the voyage. In fact, this 

ractice has been adopted for years, and when adequate care 

been taken it has been done successfully. Or, still better, 
the hold may be filled up to within a few feet of the deck 
with bulk grain, then properly trimmed and levelled and 
covered with boards, the remaining space up to the deck 
— filled in tightly with grain in bags. Shifting boards 
should, of course, be fitted as in the previous case, and it is 
pe pans importance that these should be sufficiently strong, 
: extend well down into the hold—in my opinion to the 
eelson. 

2. The step from this is when the same ship has to carry a 
cargo of grain too heavy in its nature to enable the holds 
being completely filled’ without being overladen. This, 

rhaps, occurs oftener in sailing ships than in steamers, 

ut the principle to be borne in mind in both is the same, 


viz., that, in whatever part of the ship grain is loaded, the 
cargo should reach to the deck. To carry this out, it is neces- 
sary to bulkhead off the part of the hold that is not to be 








utilised so that the remainder can be properly filled up. 
This has to be done with due regard to trim of the ship 
and her depth of loading, but is often not sufficiently con- 
sidered. If too large a oe is left for cargo, it may become 
a choice of two evils, as the vessel fills up, either of the vessel 
being overladen, or the holds not being properly filled. 
Again, it has not ey ene that these temporary 
bulkheads have given way through the pressure of grain as 
the vessel nitches at sea, when of course the surface would 
become free, and shifting would take place. When adequate 
precautions are taken against these contingencies this case 
resembles No. 1, and I need not further dwel — it. 

8. The next typical case is that of a vessel having two 
complete decks laid, cay | grain of such a nature that her 
holds can be completely filled, and also between decks, to the 
upper deck, without being overladen. This, 1 may state at 
once, is one of the most difficult and troublesome of all to 
deal with, as you will immediately see. The lower hold re- 
sembles the hold of the one-decked vessel, but with this 
difference: in the latter if, after all precautions have been 
taken, it is found the ship has got a list at sea, the hatches 
can be d, if the ther moderates, and the grain can be 
retrimmed before it has gone too far, or it can be filled up 
from bags carried for this purpose. ; 

In the former case, however, all access to the cargo in the 
lower hold is cut off by the cargo in the 'tween decks, and a 
slight list may go on increasing until it becomes serious, un- 
less the lower hold is well secured against such a contin- 
gency. Again, the cargo in the ‘tween decks itself may be 





ing all bags, is a question on which all practical men are 
and I think I have shown that behind the losses 
which have occurred there lie dangers from deficient — 
and other causes which would not be cured by carryiz 
in in bags, and ne pares has been, so far as I have 
m able, to shadow forth the relative magnitude of the dif- 
ferent sources of peri 
In fact, the figures themselves in the Table of losses show 
that there were as many coal-laden steamers as grain-laden 
steamers lost during the months of the past winter; and 
although it is possible for coal to shift similarly to grain, it is 
not a cargo which is prone to shift, or which would be con- 
sidered dangerous in a fairly igned vessel. In view of 
these facts there is nothing to show that the inherent de- 
ficiency of stability of the vessels, loaded as they were, might 
not have been as active an t, if nota more active agent, 
in creating the disasters we deplore, as the shifting of the 
cargo, 
ne other cause of danger, which I mentioned in the early 
— of this paper, remains, viz., overloading, and I need not 
well 2 it, for my views on that subject have been laid 
before this Institution at great length on previous occasions, 
That it is a serious source of peril will be evident from the 
calculations and diagrams I have laid before you, while it is 
a subject surrounded by enormous difficulties every one will 
admit who has attempted to deal with it; but it is hoped 
that, Pp dyer being drawn to the subject in a manner to 
show magnitude of the ovils which result from it, this 
source of danger, which is getting less, will soon altogether 


capable of shifting, and thus the danger is twofold in this | disappear 


type of ship as compared with a vessel having only one deck 
laid 


Many devices have been resorted to in these vessels for 
securing their safety, but they may be on generally 
under two heads based on two different principles. 

One is to make the sto 
distinct in itself, securing the bulk grain by means of boards 
and bags on top of same, and with s _— boards extending, 
in some cases, down to the keelson, and carrying the re- 
mainder of the cargo between decks in bags. The other 

rinciple is to provide feeders to the lower hold from the 
tween decks, so that, in the event of the grain settling 
below, loose grain will run down to fill up the empty spaces. 

It can scarcely be said of either of principles that 
it is unsound, but much depends — the way in which 
they are carried out. This is especially so in the latter case, 
for it is difficult with a deck laid to make the arrangements 
for feeding from the "tween decks sufficiently perfect. This 
is eapecially so where the lower deck is of iron. Where it is 
of wood it is common for a few strakes of deck on each side 
near the stringer to be lifted, and these, together with the 
hatchways, fulfil, to some extent, the object of filling up the 
empty spaces in the lower hold caused by grain settling. 

Where the deck is of iron, a series of small hatches are 
sometimes cut at the side for the same purpose, although 
frequently the communication is by no means sufficient to 
insure the lower hold being efficiently fed from between 
decks. Another important point to be borne in mind in 
reference to this mode of stowing grain cargoes, is that by 
feeding the lower hold from the ’tween decks the risk of the 
’tween deck cargo shifting is increased. scat 

Sometimes the tween decks is filled with a combination of 
bulk and bag grain, the bags being piled round the hatches 
and feeders, where loose grain is stowed in bulk. This has 
often been adopted with safety, but it is by no means perfect. 
It is not certain that the grain under the middle line hatches 
could find its way into the wings, and I have heard of in- 
stances which indicate that it does not always do so in cases 
of grain shifting; and although the same doubt does not 
apply so distinctly to feeders in the wings, they have another 
important drawback not generally noticed. In the case of 
the grain below deck shifting, and an empty space being left 
on one side, it will be clear that the feeders on that side 
might be called into play, and be emptied into the lower hold 
while the other side remained full. — This, however, would 
obviously not cure the list of the ship, and is therefore not 
sufficient. 

In some cases trunks have been led down from the upper 
deck to the lower hold, so that grain could be poured down 
from bags to fill up the empty space, in the event of the 
grain settling or shifting. : 

4. The other typical case is that where the lower hold is 
filled with grain, but a portion only of the "tween decks is 
filled, as in the case with spar-decked vessels, and sometimes 
with “‘ three-deck’’ ships. this case temporary bulkheads 
have to be fitted between decks to contain the latter, and the 
lower hold has to be made secure against shifting, as in the 
previous case. I have indicated in Fig. 6 that spar-decked 
steamers so loaded with the main deck out of water, may 
have great elements of safety, in consequence of their much 

ater freeboard, as compared with ‘ three-deck” ships of 
similar size, loaded as is customary; and it may be remarked 
that in the recent losses, not one of this type of vessel is to be 
found in the Table setting forth the particulars of these losses. 


of the lower hold complete and | pape 


In conclusion, I have only to apologise for occupying so 
much of your time, but my excuse must be the interest now 
attached to the subject and its great extent, and my strong 
conviction that, unless reviewed broadly and somewhat com- 
prehensively, misapprehensions might arise instead of the 
r leading, as I hope it will, to a full discussion of the 
subject, which at the present time has become a matter of 
public importance. 


THE ‘*NELSON” CLASS.* 
By N. Barwasy, C.B., Vice-President. 








In a Table Pa to this paper I give particulars as to 
the two ships Nelson and Northampton as they have been 
leted, including the trials of speed, and I place beside 





them corresponding particulars of two excellent ships of an 
earlier type, designed for similar work, the Iron Duke and 
the Bellerophon. 

I regret to have to admit the fact that, while the Nelson is 
a 14-knot ship on the mile without the use of the steam 
blast, the sister ship, notwithstanding that the engines are 
the perfection of workmanship and material, is at present 
_ a 13}-knot ship with the steam blast. 

he difference is apparently due mainly to the difference in 

‘ormance of the two types of engines, and particularly 
ly to the fact that, from some un- 
a cause, the Northampton always needs starboard 
helm to keep her on a straight course, and this checks her 
way. When the screws of the Northampton are altered it 
will probably be — to greatly reduce the difference be- 
tween the two ships. I may be permitted to add that the 
Northampton left Spithead for her station with 1200 tons of 
coal in her bunkers, and with her gun-deck port sills 114 ft. 
out of water. The Nelson will float under the same condi- 
tions about 5 in. lighter, and will thus have, with 1200 tons of 
fuel, nearly a 12-ft. height of port. 

Public attention has been called to a discrepancy between 
the draught of water named when the ship was first designed 
and that at which she was completed, as though it wefe 
desirable to prefer strict adherence to a draught of water to 
the introduction of newly-devised sources of warlike efficiency. 
The designer of the ship should be judged by the per- 
formance of the completed ship, and not by the strictness of 
the accordance between the weights he proposed to put in in 
1874 and those which he was prepared to adopt at various 
stages up to the date of completion in 18/9, The real 
question concerning the Nelson class is, now that they are 
completed, are they fit for their proposed service? I shall 
be prepared to answer any questions concerning alleged 
discrepancies which may be thought interesting, but what 
most people will care about is, what services are the ships 
designed to perform, and what promise is there of due per- 
formance? 

The ships may be looked at from two points of view. The 
may be regarded as armoured ships, having to meet armo 
ships; or as protected cruisers. ‘The very first duty the class 
is required to perform is to relieve the Bellerophon as the 
flag ship on the North American station. I am therefore 
almost called upon to compare the two ships, and I believe 
Iam sufficiently alive to the good points in both to be able 
to compare them impartially, so far at least as they can be 
compared, without either having undergone the stress of war. 
The two ships are fairly comparable, for they are about the 
same size, carry the same crew, and cost about the same 


the 
of the propellers, and 





Hence the desirability, which I must repeat, of ourage 
ment being given to such a type of vessel, with which this 
mode of loading is necessarily connected. rs ’ 
In the foregoing rapid sketch of the conditions of grain 
loading, I have necessarily been compelled to confine myself 
chiefly to the principles involved, and have had to omit many 
variations in detail, and devices resorted to under the different 
conditions of loading which exist. I cannot, however, pass 
from this question of grain loading without a word on the 
proposal to carry all grain in bage. This is a question that 
is now receiving investigation by a select committee of the 
House of Commons, who will, I doubt not, arrive at a sound 
conclusion on the subject. That it would be more expensive 
there cannot be a doubt, and my inquiries have led me tothe 
conclusion that this would amount in an American voyage to 
sbout 83d. per quarter, or, say, 360/. per voyage in a vessel 
of about 1200 tons net register, including the cost due to 
delay in loading. That a cargo composed, partly of bulk and 
putty of bag grain, can be made as safe as a cargo contain- 


money. 
It is ti supposed that the Ne!son is a type in which 
armour is greatly solneed inamount. This is Hl It is 


reduced in extent, but the average thickness is greater, and 
the total weight is greater in the Nelson than it is in the 
Bellerophon. Covering in the entire battery of the Belle- 
rophon with armour, and extending the armour to the ex- 
tremities at the water line, makes it n to be content 
with an average thickness of the vertical armour throughout 
the ship of 5.28 in. ; whereas in the Nelson the average thick- 
ness of the vertical armour is 7.28 in. 

So far, theretore, as there is an attempt to protect with 
armour, the average thickness of the protection will be nearly 
38 per cent. more than that in the Bellerophon. I do not 
compare the squares of these thicknesses in the usual way, 
as representing the relative strengths, because, for the 
portion of the blows received from shells in action the thinner 
armour will probably be impenetrable. The armour is sup- 








* Paper read before the Institution of Naval Architects. 
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Weight, of armament - exe va exe oes] 533 tons 420 tons 351 tons 
mn projectiles - +4 a broadside eo os on oni 1800 Ib. oe 1595 Ib, 1378 Ib. 
" thrown ae ahead ose ° 800 Ib. jie 230 Ib. 628 Ib. 
on 800 Ib, ooo 115 Ib. 628 Ib. 
Cubie feet of space Lond gun in custened ‘midship batteries... eee} 6000 3200 4000 
eee ove eve eas 1200 tons 645 tons 460 tons 
yp of canvas = plain “G+ ee of Give 24,770 sq. ft, 23,400 sq. ft, 22,750 sq. ft. 
pressed at the ends of the ship, and an under-water deck is | twelve days at this 5 the distance covered would be, 


a: in belted shi this the 
0 not attach importance in comparison to 
twin screws of the Nelson against the le screw of the 
on eg oy A Ler gen I sup we are agreed that in 
and ag pee — ad = So great 
wer wi t advancing, are o 
value. a power of taraing marked manner in the combat 
bey bm Huascar and the Chilian ships of war. 


, 3500 knots. With 2300 horse 
power she obtained in ementh water a 8 of 10.537 knots, 
so that, with 60 tons per day, she should make a 10} knots 
average ocean speed, and should steam 5000 knots. 

I am fully sensible of the large consumption of fuel for a 
given si as compared with the long narrow merchant ship, 
and of the corresponding loss in coal endurance ; but it is 
always necessary to remember that the ship of war is endowed 
with a powerful rig, enabling her to cruise under sail for an 
length of time with no appreciable consumption of fi 


without the use of 














whereas the t steam ship is helpless canvas— 
she can only drift before the wind. 

To show the difference in the distribution of the weights in 
such a ship as the Nelson, and a passenger steamer 
of the same displacement and designed for the same a 
ocean-going 8 12 to 12 knots, 1 have placed them side side by 
side in the following Table: 

— Nelson. |Passenger Ship. 

Tons. Tons. 

Hull eee ose «| 8017 3200 

Propelling ‘machinery uae eco e-| 1030 700 
Armour... ove ove e-| 1720 
Armament.. o 533 

are stores ond equipment oat 633 450 

ee! 1200 3750 

Co “ » 9 , 8133 8100 

nsum 
Satan MM | 














The gain in consumption in favour of the merchant ship is 





due to the fact that the speed is obtained in her with less 
engine power, because her cen sea —s + favourable 
to speed, and especially to ocean of the 
Nelson is only 43 times the bi while th eta the mer- 
chant ship is ten times, her Sagi being 420 ft., and her 
breedth only 42 ft. 





DgaTH oF M. Souacrour.—The death is announced, at 
the “ge of 59 years, of M. Solacroup, an engineer rather 
actively engaged in his younger Pgs in = any of French 
railway construction. Latterl = 
naging director of the Orleans Railay Oc Com mipany. ‘The 
respons of this onerous post contributed very pos- 
sibly to his comparatively early decease. 





AUSTRIAN RaILways.—The Austrian Government is on 
the point of uniting under its administration a compact 
network in the north and west of the empire. The Go- 
vernment has made a beginning with the Shee, 
which has been placed under the control and working of 
the State. The Austrian authorities have further pre- 
sented to the Austrian ture a Bill for the construc- 
tion of a line across the Arlberg, by means of which the 
Tyrol will be secured by a junction with the Swiss railway 
system. The bill for the constraction of the Arlberg line 
= rovides that it shall be completed within six years. The 

e will comprise a tunnel rather more than six miles in 
length. The cost of the line is estimated at 3,500,000. 


A New Tetecrarn Stgeamer.—On Monday, 
inst., the steamer just built to the order of the 
and Panama T' ph Company, Limited, went round from 
nope =. ames Laing, "Lentetiens, ay pb her 

off the Maplin Sands. The 
868 tons, and her  inaapelio thang 00 R. and W. Haw- Haw- 
oa of Newoastle is 550 horse power 
king. Wah s vow & 2 the largest 
ces for cable work, the engines and boilers are 
Placed wel af, and the three cable tanks are placed in the 
Lawrag Sct pe The vessel has a raised quarter- 
deck aft, and bridge deck amidships. She quer snonetem. 
modated forward, the captain and officers amidships, and 


the engineers and firemen aft, Teg deepen Saget 
for being 50. The Grappler has constructed 
for cable work, sod is from the designs ands cations of 
Messrs. William BR. feng 4 and J. Carlton Stitt, of Liver- 


Reel, consulting en; the company. Tho trial on 
onday was tas me yy every a success, and the 
steamer went up to Silvertown to receive her cables and 
cable gear 
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ENGINEERING PRECEDENTS. 
By J. RicHarbDs, 
(Continued from page 164.) 
METAL-WORKING MACHINES AND TOOLS — continued. 

SPEAKING of the “clearance” of tools brings to 
notice another of Bodmer’s inventions of 1841, 
namely, convolute taps, made as explained in the dia- 
gram, Fig.31, which shows asection through a com- 
mon screw tap, having a clearance from its cutting 
edges, as indicated by the dotted linesata. The 
ar manufacture of such tapsto supply engineers, 

and as an article of trade, is quite new, and so far 
as we are aware is at this time confined to a few firms 
in America. When the clearance is not too much 
and enough to avoid rubbing behind the edges, 
such a tap can be driven with not more than half 
as much force as is required for ordinary cylindrical 
ones, and when “‘ cutting” instead of “‘ crushing” is 
attempted in screwing processes, it is a wonder that 
taps of this form have not long ago been employed. 
In all other cases we believe without exception wher- 
ever metal or wood is to be cut a clearance behind the 
edges of tools is understood as an essential feature, 
but in tapping metal, especially the malleable kinds, 
itis found that screw threads can be ‘‘ crushed” in or 
‘¢ mashed” as it is sometimes called, and hence cy- 
lindrical taps with dragging edges are thought 
goodenough. This is poowens Se matter ina 
strong light, considering that a cylindrical tap when 
new and sharp will cut a clean thread, but any 
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The manager of a large engineering works re- 
cently said to the writer, ‘‘ We do not use rhymers, 
and doubt if you will find them used in many 
shops.” He was no doubt mistaken in respect to 
all the better class of establishments where the 
fine es of work are done, but correct in so far 
as & number of establishments. Now it isa 
problem how any works can in thisday of competi- 
tion be successfully conducted without those ad- 
vantages which arise from the use of standard gauges 
and the tools required to make holes straight and of 
uniform size. ithout such tools the work must be 
done on the trying system, consuming much more 
time, preventing a division of labour, and producing 
work which should not command the same price as 
that made to standard sizes. The usual course of 
progress in this matter has been from chuck boring 
with flat drills and boring tools to rose bits, or rose 
reamers, from these to fluted rhymers made solid, 
and again from these to rhymers with their blades 
adjustable, as shown in Fig. 34. This it may be 
mentioned has been a gradual improvement, a 
natural change from crude to more perfect processes, 
and that wherever in that scale we find the practice 
of a works it will be tolerably safe to fix the degree 
of progress made, or to put it in more practical 
terms, the cost of producing, and the character of 
what is produced. ”* 

Returning to the rhymers of Bodmer, Figs. 32 
and 33, and comparing them with the latest type, 
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one conversant with the general practice of the 
country knows that screw threads cleanly cut are an 
exception, and also that the crushing process gene- 
rally due to dragging edges is a sequence of the 
cylindrical form for taps. The value of this in- 
vention of Bodmer’s had it been followed up, 
would have been very great, but like many other 
things that might be referred to it has been left for 
development elsewhere, : 

An objection sometimes urged against such taps 
is that they will not back out freely, being liable to 
clog by reason of chips. For all pervious holes the 
taps need not be turned backwards, The strain re- 
quired to operate them being less than with cy- 
lindrical ones, they require no enlargement at the 
top to receive a‘ driver,” consequently the stem of 
the taps could pass through clear of the threads, 
The amount of clearance shownin the diagram is of 
course an exaggeration ; but little is required, and if 
just enough no trouble occurs in working. 

Reamers, or rhymers as they may be more properly 
called, were also among the shop tools that received 
attention from Mr, Bodmer, and it would be well if 
the precedent had been more closely followed, not 
that there is any special novelty in such tools, but 
the want of their use is a very fair indication .of 
a lack of system and a division of labour in engineer 
works, 

Rhymers to maintain standard sizes and make 
two holes having been invented and put into use as 
early as 1839, forty years ago, I will, before con- 
sidering the peculiar type illustrated, and as a 
digression perhaps, devote some space to this sub- 
ject of rhymers, or rather to standard sizes, which is 
& result attained by gauges and rhymers. 








as shown at Fig. 34, the difference is not great, 
and it is even a question now whether for certain 
— Bodmer rhymers are not equal to any other 
orm. At the works of J. M. Poole and Co., of 
Wilmington, U.S.A., the rhymers employed are 
of the Bodmer type, and it may be assumed that 
in that and other establishments where chilled 
rollers of considerable length have to be bored 
throughout to receive shafts, pressed in by hydraulic 
machinery, there is required more careful rhyming 
than in any case which can be mentioned. Some of 
the rhymers employed by Messrs. Poole and Co, 
are 6 in. in diameter, and 30 in. or more in length. 
The blades are adjustable, and can be set out by 
packing, as shown at a, Fig. 32, but it must not be 
inferred that the drawing shows one of the imple- 
ments employed by Messrs, Poole and Co. ; in that 
case the recesses corresponding. to that shown at 
¢c are continued the whole length of the fitting part, 
and a jet of water forced in under considerable 
pressure, facilitates the cutting by preventing heat 
and by lubricating, at the same time carrying out the 
cuttings as fast as made, 

In respect to finishing tools with one edge or two 
edges, there is this distinction from all those of the 
multiple kind, the holes are cut out true instead of 
being milled or scraped, the process being for internal 
work the same as for external work, that is, in turn- 
ing. The force of this fact was realised when 
watching the action of single blade tools employed 
in the works before named, the shavings or chi 
coming out of the hole the same as they would 
turned off from the exterior of a stiff piece, no pul- 
verising or scraping, but a “‘ clean cut.” 

Taking into account the conditions under which 








such tools act, there is every reason why the “ cut’ 
can be heavier than in turning and the surfaces 
left smoother, The tools are supported and applied 
with a aya | and precision far in excess of turn- 
ing even on the strongest lathes, anda fair inference 
to be drawn from the various circumstances pointed 
out is, that Mr. Bodmer forty years ago furnished a 
precedent in advance of common practice at this 
time, 

In Fig. 35 is shown a concentric lathe vice of 1841 
by Bodmer. The jaws a are moved ‘uniformly out 
or in by means of the screws e and the bevel wheels 
c, the latter gearing into one in the centre fixed to 
the lathe spindle, so that any resistance to a piece 
mounted in the vice will cause the jaws to grip with 
more force, and by reversing the strain the vice will 
loosen and permit the work to be taken out. 

This implement it is true, except in the principle 
of its action, differs much from modern “chucks,” 
as they are called, yet it is a fair precedent for the 
whole “tribe.”’” One of the most common and, if 
made strong enough, the best of American chucks, 
is one in which the screws are moved uniformly by 
bevel wheels at the outer instead of the inner ends, 
all engaging with an annular gear wheel, or ring 
working in a groove, so that by turning any one o 
the screws all are moved at'the same time uniformly. 
To offer any further comments on this invention of 
Bodmer’s would simply be to repeat what has been 
said of some other things, that they have passed out 
of the country to be returned in an improved form. 
At this time ‘‘ chuck” making is carried on mainly 
in America, and is likely to remain there until the 
gauging and duplicating system on which this ma- 
nufacture depends is adopted as thoroughly else- 
where. Small chucks to hold drills and so on to 
#in. in diameter are sold at retail for 12s. each, and 
are made, no doubt, for 8s, each, or less. 

The method of this manufacture will be indicated 
by a circumstance happening some time since under 
the writer’s notice when in America. A jaw of a 
12-in. chuck was broken from overstraining ; the tool 
was needed for some work ; a despatch was 
sent to the factory where the chuck was made, 
400 miles away. The accident happened in the 
morning, and the next mornin ore noon the 
piece was replaced, and the chuck at work, It may 
be said there was nothing strange in that, because 
the parts were made to gauges and fit, Asa me- 
chanical fact there was nothing strange in the matter, 
as an economical matter there was, and if this 
distinction were kept constantly in view, the result 
would be a more rapid improvement of many manu- 
factures. 

(To be continued.) 





CANADIAN RAILWAYS.—No. XXXII. 
Great WESTERN OF CanaDa.—lII, 

Two hundred: years since—it was in 1678—three 
bold, energetic, indomitable men were congregated 
together at the isolated Fort Frontenac, situated at 
the foot of Lake Ontario, where Kingston, ‘the 
Limestone City,’’ now stands.. Before this period 
the Jesuit missionaries, with undying devotion and 
a marvellous self-abnegation which the world has 
never seen paralleled, had explored tlie distant 
forests of the north-west, and had preached the 
Gospel of Peace to the savage tribes on Lakes Huron 
and Superior, Father Marquette had even pene- 
trated to the Mississippi, and three years before this 
had laid down his gentle life in the stern solitudes 
of the Michigan peninsula, The hardy fur traders 
had even gone further, and one of them at least had 
crossed the rocky watershed of the St. Lawrence, 
and pushed his trade with the Indian races of the 
great unexplored world beyond. But all of these 
pioneers had reached the Upper Lakes by devious 
rivers and long overland portages from the Ottawa 
waters ; the hostile Iroquois held in their terrible 
control the fountain of the St. Lawrence, and the 
south and west of Lake Ontario were beyond the 
power of France to unseal and open to their trade, 
their religion, or their military domination. Fort 
Frontenac was the furthest point up the great river, 
where their fur hunters could safely secure their 
peltry, where their missionaries were received, or 
their arms could protect; and even there, far from 
assistance, surrounded by hostile bands, and facing 
the most powerful confederacy of Indians that pro- 
bably every existed, the commandant of this out- 
lying garrison required to be a man of iron nerve, 
and his followers a regiment of heroes, And such 
they were. Lasalle, the governor, has stamped his 
name on the history of Canada as one of the most 
fearless and indomitable of the long list of great 
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—— 
men who fought and suffered and died that un- 
grateful France might dominate a continent. He 
was descended from an old and ctable Norman 
family from Rouen, and it was his Va egy to 
the fiery Count Frontenac to build this distant 
fortress, to confine the Five Nations to the limits 
of their own great lake, and to draw their traffic 
in peltries to the revenues of the French at Montreal 
rather than to the English at Albany. In fact, the 
fort had been built principally at his expense, and 
uipped under his personal guarantee that any 
additional outlay should be repaid to the Govern- 
ment; and here, founder of the settlement and the 
mission, commandant of the garrison, and feudal 
lord of the savage denizens of the surrounding 
forest, Lasalle, ruled the autocrat of his little 
empire. Under the French régime, military occupa- 
tion of the district, the conversion of the heathen 
to the doctrines of the Church, and the trade in furs, 
went always together; sometimes the monk, some- 
times the trapper, and often the soldier a little in 
advance, but the three generally associated. Acting 
with Lasalle, his lieutenant in war, his factor in 
ace, was an Italian officer, Henri de Tonty, whom 
e had picked up somewhere in France, and who 
followed him through the whole of his subsequent 
romantic history, with the devotion of a friend and 
the heroism of a martyr. Tonty’s father had been 
Governor of Gaeta, had fled to France to escape 
political complications, and had earned considerable 
reputation as a financier by devising that form of 
ife assurance known as the Tontine. The son had 
served with distinction in the Italian army, but had 
lost his right hand, which had been blown off by the 
explosion of a grenade in one of the Sicilian wars. 
Its place was now supplied with an iron one, which, 
though covered with a glove, was not unfrequently 
used to good purpose in dealing with the con- 
tumacious Indians. The third important person at 
Fort Frontenac, representing the Church, as the 
other two did the Army and the fur trade, was a 
Recollet monk, whose humble habiliments covered a 
body adapted for all the rough usage of a pioneer 
discoverer, and a soul that knew no fear. The three 
were revolving a scheme to complete the exploration 
of the Mississippi, which Marquette and Joliet had, 
a few years before, discovered ; to plant a colony 
at its mouth, wherever the mysterious river might 
lead them, whether to the Gulf of Mexico, as was 
suspected, or better still, as they fondly hoped, to 
the Vermilion Sea, the Gulf of California, the route 
to China and Cathay ; and to connect the two great 
rivers, the Mississippi and St. Lawrence, by a chain 
of forts, which should control for France the trade 
and ownership of the intervening continent. 

With sandalled feet, a coarse grey capote, the cord 
of St. Francis round his waist, a rosary and crucifix 
hanging at his side, and, when in marching order, a 

rtable pulpit on his back, Father Hennepin, the 

ollet monk, was the first to set out on this 
memorable journey. On a cold gusty day, the 
18th of November, 1678, in a little vessel of only 
ten tons burden, he left the stone battlements of 
Fort Frontenac behind him, and pushed out into 
the rough waters of the lake of the Iroquois, the 
great Ontario sea. The wind blew fiercely in oppo- 
sition, again and again they were compelled to land 
at different points along the northern shore of the 
lake, and it was the 6th of December before they 
effected a landing at the mouth of the sacred river 
of the Iroquois, near the spot where the historic 
ramparts of Fort Niagara now stand. In a canoe 
they ascended the river for seven miles, till the loft: 
escarpment of Lewiston to the right and the left 
frowned down upon them from its sheer precipice 
of nearly 400 ft., rent only by the mighty chasm 
through which rushes in impetuous fury the accu- 
mulated overflow of four inland oceans. They 
climbed the steep ascent, and heedless of the in- 
creasing roar of the offended deity of the Iroquois, 
pushed their adventurous way through the stern 
wintry forest, a further seven miles, till the vast 
cataract of Niagara burst upon theit astonished 
view. In majestic primeval solitude, undisturbed 
by the presence of man, unprofaned by the littleness 
of his works, envelo in mist and mystery, 
crowned with a rainbow radiance of glory, and 
attended by the everlasting thunder of his mighty 
floods, others besides the Iroquois might deem this 
the abode of a God, and these overpowering marvels 
the audible and visible evidence of his anger or his 
omnipotence. Hennepin hastened forward at the 
time as his mission was of importance at that season 
of the year, but it is well for science that he was 
enabled to return, and to give to posterity a drawing 








sufficiently accurate of the then physical features of 
the Great Falls. Although his measurements are 
wrong, and his figures exaggerated, this is the best 
evidence we have of the great changes that have 
taken place, and are still going on in the gradual 
retrocession of the great cataract, as it is slowly 
eating its way upwards towards Lake Erie, and 
“notching its centuries in the everlasting rocks” 
behind it. 

Time was when Niagara, double its present 
height, fell in one sheer avalanche over the face of 
the rock at Lewiston. Presently it ate away the 
upper stratum, whilst the more indurated rock below, 


wasting away more gradually, formed probably for | span 


ages the lip of a second cataract, which was slowly 
gnawing away the opposing barrier and decreasing 
in height. Presently, so geology reveals, the first 
cataract was again divided, and the floods of Lake 
Erie fell in three distinct cascades, one in advance 
of the other, possibly at one time a mile apart from 
each other, to the lengthening river below. In time, 
long measured by centuries, short if taken in geolo- 
gical epochs, the backward career of the upper 
cataract was arrested by the exposure of a harder 
limestone than it had hitherto encountered, and the 
site of the leading upper fall, probably for ages, re- 
mained almost stationary whgre the whirlpool now 
surges round in its furious eddies. Here, probably, 
the second and third waterfalls, wasting away a 
softer stratum of the series, caught up with the 
first, and the three merged into the one great cata- 
ract that has been incessantly at work since in 
digging out the immense chasm with which modern 
visitors are familiar. Then, as now, the harder 
rock was the upper one of the series, and its destruc. 
tion was accomplished more by the wasting away 
of the softer material below, leaving the upper crust 
unsupported, than by the friction and abrasion of 
the passing}waters., e Falls of Niagara will never 
again be the height that they once were, they will 
never in the future maintain their present elevation, 
and time will come, if this world should endure so 
long, when they will resolve themselves into a long 
sloping rapid extending from their present position 
to the upper reaches of the river ; they will never 
again equal their present breadth and glory, the two 
falls, now separated by Goat Island, will gradually 
diverge, and half a mile above their present position 
the eye will be unable to take in the whole mar- 
vellous picture as at present ; other strata will alter 
the appearance of the whole and Niagara will cease 
to be the wonder and crowning spectacle of the 
western continent. To build a fort at the mouth of 
this river, and a vessel to navigate the great waters 
above, was the intention of Lasalle; to obtain the 
permission of the Indians to do this, undisturbed by 
their aggressions, was the object of Father Henne- 

in’s precursory journey. They treated him kindly, 
feasted and speechified him, enlivened him with 
their dances and their es, tortured and burned 
to death a prisoner for his amusement, but refused 
the necessary permission. Lasalle, more fortunate 
or persuasive, subsequently obtained it, and whilst 
he superintended the erection of the palisaded fort, 
Tonty was occupied with the construction of the 
vessel built probably where the Tonawanda Creek 
now joins its waters with the larger Ni On 
the 7th of August, 1679, the firet keel was moistened 
by the virgin waters of Lake Erie, and as the 
Griffin glided away on her first adventurous 
journey, so glided away for ever from its Indian 
owners the possession of this important thorough- 
fare, and the line of the Great Lakes has ever since 
been the established route for heavy traffic from the 
Far West to the Atlantic Ocean. 

The ten miles of interrupted navigation between 
Lewiston and Chippewa, including the falls an 
rapids of Niagara, are the only obstacle in 1500 
miles of deep smooth water from the thousand 
islands of the St, Lawrence to the head of Lake 
Michigan, at Chicago. To overcome this obstruc- 
tion, or to reduce to practical limits the expense of 
the portage, has exercised the ingenuity and taxed 
the resources of the successive owners of these vast 
domains from the days of Lasalle to our own. Un- 
fortunately the Niagara has generally been a poli- 
tical frontier, as well as a physical difficulty, and 
its margin was the scene of many a sanguinary 
conflict between the Erie tribes and the uois, 
both members of the same Indian family, before the 
descendants of Great Britain made historical every 
half-mile of its banks by their fratricidal carnage. 
It forms, in fact, a double obstruction, and whilst, 
to the inhabitants of Canada, the connexion between 
the two lakes was of the greatest importance longi- 








tudinally of the river, a passage across its waters 
was of almost equal consequence to the possessors 
of the soil south and east of the international 
frontier. ‘Thus, whilst in our own day Canadian 
enterprise has overcome the obstructions to naviga- 
tion presented by its formidable natural barriers, 
and by railways and canals has smoothed over the 
difficulties interposed between the two lakes, it is to 
the ability and skill of an American engineer, and 
to Yankee ingenuity and speculation, that we are 
indebted for the first great bridge which spaus its 
boiling current, and connects the railways of the 
Union with those of Canada. One of the first long 
wire suspension bridges on the continent was 
built across the Niagara thirty years since, at Queens. 
ton, seven miles below the Falls, but the structure 
was too light and insufficiently stayed, and was ulti- 
mately destroyed in one of the terrible gales of 
wind that occasionally sweep through the valley. 
A second road bridge succeeded, but the heaviest, 
most noticeable of all, the boldest in conception, and 
the most original in design, is the great suspension 
structure which now carries the trains of the Great 
Western of Canada and the New York Central 
Railways across the international frontier and the 
wild waters of the Niagara, 250 ft. below its solid 


roadway. 
The ension Bridge, two miles below the Falls, 
was built by John A, Roebling, an American en- 
y in 1852, and originally 


gineer, fora Yankee com 
had only one floor, intended to carry horse and car- 
riage traffic between the highways on each side of 
the river. The second pair of cables, second floor 
and truss work between them, were added in 1855, 
completing the design and fitting it for its more im. 
portant work of connecting the two railway systems 
of Canada and the United States. The two floors, 
one.over the other, are 18 ft. apart ; the lower one, 
21 ft. wide in the clear, is devoted to the highway 
traffic, and the upper one is dedicated solely to the 
use of the single track railway which connects the 
lines on each side of the international boundary. 
The upper floor is 254ft. wide over all, the lower 
one 243 ft. from out to out of everything, the two 
forming, in fact, the upper and lower chords of a 
Pratt truss bridge which connects them firmly 
together, each floor being supported by its own pair 
of cables, one on each side, which pass over suspen- 
sion towers at each end of the bridge, and are 
anchored down behind them. These towers—two 
distinct piers at each end—are massive stone struc- 
tures founded on the solid rock and carried up 
784 ft. high above the level of the lower floor of the 
bridge, built of the Niagara limestone in large heavy 
blocks laid in cement, and the upper courses are in 
addition firmly dowelled and bolted together. The 
two towers are 39 ft. apart from centre to centre at 
each abutment, and from the centre of each pair to 
the centre of the opposite pair across the river is 
8214ft. At the level of the lower floor each of the 
towers is 19 ft. wide and 20ft. in length, and they 
are 2] ft. apart in the clear for the iage way. At 
the level of the upper floor, 18 ft. above this, they 
show a section 15 ft. square and a clear space be- 
tween of 24 ft. From this they taper up Poy 
to the top, where they are 8 ft. square, and are sur- 
mounted by a heavy cast-iron plate the same size 
and 2}in. in thickness, beddedin cement. The upper 
= of this plate is accurately planed, and working 
reely on this surface are ten rollers under each of 
the two saddles on each pier. These rollers are of 
wrought iron 5in. in diameter and 254 in. long, 
ional loosely together, but held in position by 
nges on the bedplate, and on these are the saddles 
which carry the cables. These saddles are heavy 
castings 5 ft. long and 25}in. wide, the lower part 


d | placed to rest on the rollers, and the upper surface 


curved to a radius of 6} ft. to suit the bend of the 
cables which pass over them in deep longitudinal 
grooves ; the two cables supporting the lower floor 
being about 41 ft. from centre to centre, whilst the 
two inner and upper floor cables are about 37 ft. 
centres. It is said that the passage of a heavy train 
produces a longitudinal motion of these saddles of 
not more than $in. The actual length of suspended 
roadway is exactly 800 ft., and the structure hangs 
about 250 ft. above the foaming current of the 
Hog’s Back, where the imprisoned waters rush 
through the gorge at a s of 40 miles per hour, 
and where no man has fathomed its depth. Some 
400 ft. at the back of the towers, on each side of the 
roadway, two wells were sunk 95 ft. into the solid 
rock for the anchorage of each cable. At the sur- 
face these wells were 3 ft. by 7 ft. across the line of 
the bridge, the two on each side being parallel, and 
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15 ft. apart. The sides were left purposely rough 
and uneven as torn out by the powder, and at the 
bottom they were opened out to 8 ft. square. In 
each of these wells, eight of them altogether, bedded 
and cemented in its place, is a massive cast-iron bed- 
plate 6} ft. square and 2}in. thick, and in its centre 
a hugh boss of metal 20in. by 24in. on its upper 
surface, and 12in. in thickness, and radiating from 
this to each side and angle are eight ribs 24in. wide, 
making the whole of immense strength. Passing 
through this boss in the casting are seven longi- 
tudinal holes or slits, side by side, l}in, wide 
and 7 in. long. ‘Through these, and fastened on 
the under side by a pin 3} in. in diameter, 
are the seven bars of iron 1.4 in. wide by 7 in. 
broad, which form the commencement of each of the 
great cables, and from this to the upper surface 
these long links, alternately seven and eight bars, 
jointed by pins 3} in. in diameter, are carried through 
the masonry, gradually increasing in size, until, at 
the surface, the sectional area of iron in each set of 
links is 93 squareinches. Built in and bedded down 
in cement round these bars, large coursed stones, 
well fitted together, and to the rocky inequalities 
of the sides of the well, are carried to the surface 
with the enclosed vertical bars routed with 
cement in the centre. Over these wells a massive 
stone wall 10} ft. wide atits base, 6 ft. at the top, 
and 28 ft.in height, is built, the long links of the 
chains being gradually inclined towards the bridge 
till, at the top of the walls and on a level with the 
upper floor of the bridge, they emerge from the 
surrounding masonry pointing in a line for the top 
of the towers. The attachment of the wire cable to 
these chains is by carrying each wire separately 
round the pin that passes through the last links, 
the wire being as it were continuous through the 
whole length of the cable, and round the pins at 
each end ; and the eo the different lengths 
of wire are made carefully away from the ends of 
the cables, no two ends being near the same 
place where another had been spliced. 

The wire used in the cables is No. 9 scant of the 
Birmingham wire gauge, or 148-thousandths of an 
inch in diameter, sixty of them being equal in sectional 
area to 1 square inch; and each of the four cables 
contains 3640 wires, equal to a solid section of 
60.4 square inches, or the four cables together are 
equal to 241.6 in. of sectional area, and weigh 
814 lb. per foot of the span. The wires were per- 
fectly oiled before being put together; they were 
then made up into strands, 520 wires in each, and the 
seven strands in each cable were then laid together 
in place, and after being again oiled and painted 
were wrapped close round and continuously 
with small wire, making one great round cable 
10 in. in diameter. The ultimate strength of 
each wire was determined by experiment to be 
1640 lb. or .732 of a ton, equal to 98,400 lb. per 
square inch area, or nearly 44 tons per inch break- 
ing strain. The tensile strength of iron in the 
shape of wire is so much more than in ordinary 
sections, or simply rolled, that it was this very 
quality that attracted Roebling’s attention to this 
material as adapted to suspension bridges, where 
great tensile strength with a minimum of weight is 
of prime importance. The breaking strain of each 
wire being 1640 lb. gives 2653 tons as the breaking 
strain for each cable, or 10,612 tons for the four. 
The span of the cables between centres of towers is 
as we have stated, 8214 ft., while the mean deflec- 
tion is 59 ft., one of the cables having a versed sine 
of 54 ft. and the other of 64 ft., the mean of which 
is 59 ft. The bridge itself weighs 900 tons, and if 
1} tons per foot in length is allowed as the weight 
to be borne, or 1000 tons altogether on the two 
floors, we get a total of 1900 tons, a gross distri- 
buted load which imposes on the cables at the 
towers a strain of 3458 tons, or nearly one-third 
of the ultimate strength of the cables. 

The four main cables do not hang vertically, the 
upper ones being 37 ft. apart from centre to centre 
at ‘the towers, and being drawn into 13 ft. 
centres at the middle of the span, where they 
come down to the level of the rails on the upper 
floor; whilst the lower cables, 41 ft. at the towers, 
are 25 ft. apart in the middle of the span, at 
their lowest point about half way between the 
two ftoors. This drawing in of the cables con- 
tributes greatly to the lateral stability of the bridge, 
and saves the weight of the usual diagonal bracings 
which on this bridge has not been required. The 
bridge is carried by 624 suspenders, 312 on each 
side or 156 to each cable ; these are of wire rope 
1} in. in diameter, and 5 ft, apart along each cable, 





each pair of these carrying a pair of floor beams 
underneath the floor, each of which is 4 in. by 16 in., 
the suspender passing between the two. These 
floor beams for the upper and lower floors are 
directly over each other, and between each pair for- 
merly two vertical posts of wood, 4} in. by 6} in. 
and 4} in. apart, were bolted by an arrangement 
which required no tenons or. mortises, to hold the 
rain or moisture, In the space between these vertical 
posts the diagonal truss rods were free to pass, each 
of these truss rods running across four of the 
5 ft. panels into which the bridge was divided, bein 
tied together at their intersection by a few turns o 
ys in. iron wire. This arrangement has recently 
been changed, and the whole of this trusswork is 
now replaced with steel, a contract having been 
made with the Pittsburgh Bridge Company for 
60,000 dols. to make this change without interfering 
with the traffic of the bridge. The change, which 
was completed during last winter, saves 200 tons in 
the weight of the strueture. The entire cost of the 
bridge was not quite 400,000 dols., and for the last 
quarter of a century it has demonstrated the possi- 
bility of a suspension bridge being applied to the 
purposes of railway communication. In 1876 an 
outcry was raised against its safety, on the score of 
decay having affected the strength of some of its 
members, and for a time the trains were discontinued. 
An investigation was made by leading engineers 
appointed by the State Government, who pronounced 
it, with some minor additions, as equal to new, and 
the trains are again ing over it. It cannot, 
however, be considered quite the structure required 
for the purpose. The deflection under a heavy train 
is 16 in., and it is open to doubt whether with the 
different lengths of the upper and lower cables, the 
strain under the varying temperatures to which 
the bridge is exposed is equally borne by them. It 
is questionable whether the cables are not at times 
subjected individually to a much greater strain than 
would be the case if the load were always shared 
equally between them, .Thus in summer, when the 
wires are abnormally long, the upper catenaries are 
taking more than their share of the weight, whereas 
in winter, when shortened by the frost, an undue 
strain must come upon the:lower cables. We know 
little either of the influence of the wind which is 
here sometimes most formidable, or of the increased 
pressure on the parts due to oscillation, and taking 
all together the ratio of safe to breaking load, the 
factor of safety adopted, 3 to 1, is to say the least 
not sufficient to establish full confidence in this 
beautiful, and so far unique experiment in railway 
bridge building. 
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The English Wire Gauge, with descriptive Tables and 
Drawings. By THomasHu@uus. London: E. and F. 
N. Spon, 40, Charing Cross. [Price 2s. 6d.] 

THE subject of wire appears certainly to be 

one that has more in it ‘than would at first appear, 

and the scttlement of a standard gauge isa matter of 
considerable importance, Im our number of Feb- 
ruary ch ” review ae) : t of oh committee 
appoint y the Society of Telegraph Engineers to 
aaice into the question, but the present pamphlet, 
inasmuch as it was issued'in October, 1879, and is 
quoted from in the committee’s report, should in fact 


have been considered first. 4) 

Mr. Hughes has y taken a great interest 
in the question, not.on the sizes of different 
scales of gauges, but ‘im the actual instruments for 
measuring the diameters/of wires and plates, a 
number of which he appears to have’ collected with 
the zest Fs a vorehaite rn pec 9 of ae 
illustrated on a pl te, while tables 
give the dimensions of;the notches .as published hy 
different authorities, .2he@ conclusion to bedrawn 
that the English have at any rate plenty of wi 
whatever their q omay’ be, Mr. e heant 
burrowed, also, deep inte Abe history of Ch | 
of wire drawing. pecans ng ‘ po ope 

penwe te 





was made in Germany 
established manufasturedn 
Elizabeth brought )ver- 
search for ores), whoare said:to have im p 
method of drawing wire by “ engines” —water-wheels 
and hand power only had been previously used. 
Charles I., in 1630, stopped the importation of iron 
wire, and this gave a great impetus to the wire trade. 
In a work called ‘‘ Philosophical Commerce of Art,” 
by Lewis, published in 1745, wire gauges are alluded 












+ Ue 





failed after a long search to find a wire gauge made 
anterior to 1842 to contain a greater series of 
notches than 1 to 26. 

Mr. Hughes believes that the first portions of the 
cxigicel Birmingham wire gauge came from Germany, 
and that the sizes were originally divided into vulgar 
fractions, A rod gauge, which had not been used 
for 70 years, showed sizes of 4, 44, 4, x3;, &c., with 
remarkable accuracy. Later on, in the time of 
Charles I., intermediate notches had to be in- 
troduced. Allusion is then made to the numerous 
gauges that have crept into use, even in the same 
town, by the name of “Stubs,” ‘ Warrington,” 
‘* Lancashire,” ‘ Yorkshire,” ‘Iron wire gauge,” 
the respective advocates of these gauges maintaining 
the gauge in their own ion to be the correct 
one, Says Mr. Hughes: “Some keep several of these 
gauges on their premises, andknowing their variations 
take advantage of published trade lists, having extras 
in according to the wire gauge, give out their orders 
No. so and so on the wire gauge exhibiting a gauge. 
The unwary manufacturer or his travellers accepts 
the order without examining the gauge. When 
the metal is delivered, it is refused, being too 
thick or too thin; the manufacturer has either to 
submit to a substantial reduction in price, what the 
customer aimed at, or suffer a greater loss by re- 
placing it. Similar disputes happen with Continental 
customers. They possess the many ‘ Birmingham 
wire gauges,’ and comparing them with German 
and French gauges try to make money out of the 
variations, is, of late years, has been carried on 
to such an extent that manufacturers send ‘musters’ 
(whatever that may mean), or gauges, or dimensions 
in decimal parts of an inch with their quotations.” 

Our author discusses all the principal gauges. It 
appears that the ‘* Yorkshire,” ‘‘ Halifax,” ‘* Lanca- 

ire,” ‘‘ Warrington,” and ‘‘ Stubs” have all, since 
1866, come under the name of ‘‘ Birmingham wire 

auge.” These differ much, for instance No. 32 
arringtou is No. 36 Birmingham. A number of 
gauges collected have been carefully measured and 
tabulated, Thus size No. 1 is found to have the 
following values: Yorkshire 0,2984, 0.3325, 0.2910; 
Lancashire 0.305, 0.3006; Birmingham, 0.2963, 
0.2964, 0.3020. 

A committee oe in America by the In- 
stitute of Mining eers made a report on the 
subject in 1877, and recommended the abandon- 
ment of the system of representing the diameters 
and sizes by numbers, and the adoption of the 
system of expressing sizes in the thousandth of an 
inch, or fractions of a millimetre. Sir J. Whitworth 
aimed at the same end, but the adoption of numbers is 
still advocated by Mr. Hughes, as it was also by the 
committee of the Society of Telegraph Engineers. 

To adopt merely decimal measure of diameters in 
inches seems, at first sight, no doubt, the plainest 
and most accurate way out of the difficulty caused 
by all these numerous , but there are certain 
advantages in a scale o ioe to represent certain 
diameters. In the first p trouble to memory 
and time in specification are saved in many cases. In 
the case of plates even this applies, but in the case 
of wire a further reason existsfor aseries. In plates 
the weights increase directly as. the thickness, and it 
is easy, therefore, to think of or calculate weights 
from thickness, but in the case of wire as the weight 
increases as the square of the diameter, the calcula- 
tion mentally or on tere more complicated. A 
greater advantage is o ed, therefore, by a well 
considered series of numbers, which shall i 


vary in 
some systematic way in their ht. 


Mr. Hughes proposes a scale which No, 1 is 
0.300 in. as it is in most gau; then decreasing by 
0.020 in. to No. 7, which is 0.180 in., then decreasing 


by 0.015 in. to No. 11, which is 0.120 in., then by 
0.010 De No. 13, —s is 0.100 ik then the aoe 
ment,changes again, and again at different parts, but 
-in-such a.way that. down to No,i26 there are only 
three places of decimals, then there is occasionally a 
five’ in the fourth place down to No, 43, when they 
to a fifth plate, This is made so as to 
er yery little from a mean of all the gauges, but 
re appears.no regular rule for its construction. 

je-TLo measure wires two instruments are proposed, 
ry efor reference and one for every day use, 


the}: gauge for reference consists of two straight 


edges 100 in. long, inclined to one another. At 
one end they are $in. apart, and touch at the other. 
By measuring the distance from the apex to the 
point where a wire just touches the two edges the 
diameter of the wire can be found by simple pro- 
portion according to Mr. Hughes. On the same 





to in describing gold drawing. Mr. Hughes has 


principle a gauge for common use is made in which 
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DARKE’S INDICATOR. 
CONSTRUCTED BY MESSRS. ELLIOTT BROTHERS, LONDON. 
(For Description, see next Page.) 








the notches are made deep and tapered so that the! perial College of Engineering, Tokei, Japan, con- 
p Pp P g 


bottom of No. 1 corresponds to the top of No. 2, 
and so on; the distance down the edges has 
marks, which are thus to give the quarter sizes 
between the numbers. 

Now, as regards the numerical series which Mr. 
Hughes adopts, it certainly has the advantage of 
keeping down the decimal points if we are to have 
a series of numbers to be called a wire gauge, 
and it keeps near to the existing gauges, but the 
advantage of decreasing by regular decrements of 
sectional area in a systematic way, as in Clarke’s 
system, does not exist. With regard to the instru- 
ments we must observe that the principle is not 
mathematically correct, for it iseasy to see that if the 
gauge at the end of the 100in. is } in. wide, a 
wire that goes in at 50 in. from the apex is not } in., 
but is a little smaller, for the diameter of a wire 
cannot be touched at its extremities by two inclined 
edges. Forthe same reason in the gauge for daily 
use the bottom of the notches could of course be made 
to take, that is touch the ends of the diameter of, 
any particular size of wire, but if the top of the 
notch is made to the diameter of the next size 
larger, that which is a mean between the two—and 
which is what Mr. Hughes implies by the half size— 
will not go down to half way, nor could any wire 
of the diameter of the narrow end of the next larger 
notch be checked in its size, as Mr. Hughes pro- 
poses, by insertion at the top of the notch. It would 
not go in so as to be touched at the extremities of 
its diameter, which is what any correct gauge should 
measure, The discrepancy of course depends on 
the inclination between the edges or degree of taper. 
In the long reference gauge this would not be much 
perhaps, but in the other where the diameters change 
from No, 1=0.3 to No. 2=0.28 in about } in., the 
error would be quite appreciable. 

Although we have found fault with the principle 
of Mr, Hughes’ gauge, it is evident that he has de- 
voted an immense deal of time to the subject of 
wire and gauges, and in his pamphlet has published 
much interesting and useful matter. ‘There must be 
numbers of telegraph engineers and contractors, as 
well as general iron dealers, who are interested in the 
question of the wire gauge, and we recommend them 
to peruse and study Mr. Hughes’ careful little book. 


The Education of Engineers. By Henry Dyer, Prin- 
cipal of the Imperial Co of Engineering, Tokei, 
Japan. Tokei: Tepettal Co of Engineering. 

We have received through Messrs. Street and Co, a 

pamphlet by Mr. Henry Dyer, Principal of the Im- 








taining two very interesting addresses by that gen- 
tleman. The first of these is on Professional 
Education, and was delivered on the occasion of the 
first graduation ceremony of the Imperial Colle 
of Engineering, and the second was delivered shortly 
after, before the Dialectic Society of the college. 
The pamphiet also contains extracts from the col- 
lege calendar, and, what is of more interest, the 
draft regulations for a proposed Institution of Engi- 
neers, following the lines of the Institution at home. 
This is an effort after professional — indeed, 
and we wish it all success. We fear there is no 
Great George-street in Tokei, and that for the pre- 
sent, at least, the Institution, if it be formed, will 
have a strong collegiate tone, but in the future, his- 
tory may repeat itself, and the burning question 
may yet arise as to whether native contractors 
shall be eligible for election as Members, or the 
preparation of the House List a Council privilege. 
One thing we think we may safely predict—that the 
Institution, if it is ever formed, will not find a 
Japanese Forrest. 
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THE ELEVATED RAILROADS OF 
NEW YORK. 
Concluded age 211.) 

IN our Inst article oA desexibed the different 
groups forming together the system of elevated rail- 
roads constructed for New York, and this week we 
publish on the opposite page a plan of the city, show- 
ing the locations of the various railways, as well as 
an illustrat‘on of another type of construction, in 
the two-page bridge over St. Nicholas Avenue. 

We may now speak of the mode of operating the 
roads, which are as follows : 








Section A. Third Avenue 9 miles 
oiky: ia Ninth’ ,, * 
»  DandE. Sixth .. 9.3,, 








The following Table gives the total number of 
ra cars, seats, and average passengers carried 
y: 














3 
se ‘ 3 PS 
iif 
Third Avenue. . % med 
451 trains of 4 cars = 1804 cars 
373 ” 3 ” =1119 ” 
26 » 2 y= 52 ,, 
850 trains 2975 x 50 seats =| 148,750 | 93,929! .63 
Ninth Avenue. 
142 trains of 3cars= 426 cara 
138 » 2 » = 276 ,, 
280 trains 702730. ,, 35,100} 12,301) .35 
Sizth Avenue. . 
479 trains of 4 cars==1916 cars 
184 ” 3 ,, = 552 ,, 
176 ” 2 o = 352 ” 
839 trains 2820x 48 ,, (130,360) 65,263) .50 
1969 trains 6497 cars 314,210) 171,493 | .54 














From the above Table it will” be seen that the 
present number of en carried is about 
60 millions yearly, and that if every seat were filled 
the same number of cara could carry about 
120 millions of people without materially increasing 
the expenses. 

As has been already stated, the Manhattan Com- 
pany manages all the lines, taking the receipts and 
paying all expenses and interest on bonded debt and 


capital, The capital and debt of the companies stand 
as follows : 

dols. per cent. dols. 
Metropolitan bonds... 8,500,000 at = 6. 510,000 
New York Elevated bonds 8,500,000,, 7 595,000 
Metropolitan stock 6,500,000 ,, 10 650,000 
New York Elevated stock 6,500,000,, 10 650,000 





30,000,000 av. 8 2,405,000 

The receipts from passengers average about 
74 cents each, making total receipts 4,500,000 dols. 
It is believed that the working expenses will be less 
than one-half this amount, leaving enough to pay 
the above sum of 2,405,000 dols. Should the 
business increase so as to leave a larger surplus, it 
will balvas to the Manhattan Company, whose 
stock has been fixed at 13,000,000 dols., and whose 
shares are now dealt in on the New York Stock 
Exchange at 50 cents on the dollar of par value. 
This indicates the cppAdencs which New York 
capitalists feel in the future increase of business on 
these elevated railways. Nor is this confidence un- 
founded when it is known that there are several ex- 
tensions of these lines now being built through a 
populous district, whose gers will all swell 
the elevated traffic. Moreover, the number of pas- 
sengers carried has increased nearly 40 per cent. 
since the opening of the lines little more than a year 
since, while the horse railways have not lost over 
20 per cent, of their traffic, 

‘his shows not only marked increase in the 
population of the island, but is an illustration of 
the remarkable fact that increased facilities of trans- 
port in populous centres create a large amount of 
traflic. 

The above receipts of 7$ cents are based upon a 
charge of 5 cents per poner for all distances, 
both long and short, from, 6} A.M. to 7} A.M, and 
from § P.M. to 7 P.M., during which hours the chief 
amount of artisan traffic is obtained. During the 
rest of the day 10 cents per passenger are charged. 

A Bill is now before the Legislature fixing the 
fares at 5 cents only at all hours. Should this Bill 
become a law, it will require an increase of 50 per 
cent to put the companies in as good a position as 
they now are. 

At present the companies are running trains late 
into the night, which do not pay expenses, but 
which accommodate the public, Should the 5 cents 
Bill become law, these trains will be much reduced 
in number, and citizens who wish to ride from Harlem 
into the town will have to take the surface railroads 
and pay 16 cents as formerly. 





New Sourn Waugs.--The New South Welsh Govern- 
ment has purchased a valuable block of land at h, 
adjacent to the Redfarn railway station, for 100,000. e 
Government intends to utilise this land for the erection of 
railway workshops, and for railway purposes generally. 
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DARKE’S INDICATOR. 

Ovr attention has been called to some improvements 
in the steam engine indicator recently patented by Mr. 
E. T. Darke, the patentee of the detent and pantagraph 

ncil motion. It appears that Mr Darke’s experience 
n indicating quick-running engines proved to him the 
absolute necessity of some improvements in the lightness 
of the pencil motion and moving parts generally of 
steam engine indicators, for it is an admitted fact that 
satisfactory diagrams from engines running over a cer- 
tain and very moderate speed, cannot be obtained by the 
most careful and intelligent use of the Richards indi- 
eator, which is certainly the best of any which has made 
its a e to the present time. 

The illustration of this new indicator, which we give 
oa e 241, will, we think, interest many of our readers. 
In this instrument every possible means have been 
adopted to lessen the weight, and consequently the mo- 
mentum of the moving parts. In the first place, the 
whole indicator has been reduced to about the half of 
the size of the Richards form, The piston, instead of 
being one-half of a square inch in its area, is one quarter. 
If this reduction of piston area is open to objection, 
it must be borne in mind that the object of the inventor 
was to produce a readable diagram, and it is questionable 
if that object can be attained by keeping the piston the 
old size and weight; and it must be also remembered 
that this smaller size was used in the old McNaught 
indicator, and also that if there really is a disad- 
vantage in using a smaller area than that of the 
Richards piston, that disadvantage may be compensated 
by the area of the piston being nearer to the area of the 
steam supply pipe. The spring is of a smaller diameter 
from centre to centre of wire, which enables a much 
lighter spring to be used when indicating equal pres- 
sures; the piston rod is made hollow, and is also 
lightened by its shorter length and lesser diameter. The 
stroke of the piston is from } in. to }in., and this motion 
being multiplied by four, the stroke of the pencil is 
about 1jin., while the greatest length of diagram is 

in. 

A great improvement in this indicator is the pencil 
motion, which is made of one piece of steel fitted at the 
one end to a crosshead, which crosshead is supported and 
moves upon steel centres, and at the other carries a little 
sliding block through which the pin (or pencil as it may 
be called) passes; the pin moves upon the paper drum 
through a slot or guide (which is a —_ of the swivel top 
of the indicator cylinder); the little sliding block upon 
the arm moves upon the lever as the pin moves ina 
straight line in the slot or guide. The piston-rod head 
carries a jaw in which moving also on centres is a light 
sleeve through which the pencil arm passes, sliding in 
this sleeve as the angle of the pencil arm varies with the 
stroke of the piston. An examination of the instrument 
will show that every possible care has been taken to 
avoid “ back-lash” at this most important part of the 
piston-rod head. This light pencil arm not only obtains 
a considerable stiffness from the long crosshead, but 
also from the piston rod, the long stalk of the jaw, and 
the absence of any linkage, reygdering Senge resistance to 
the sure caused by the pencil. The theory of this 
motion is lect, and in practice it is found to be much 
more simple of manufacture, lighter, and more accurate 
than the Richards motion. The illustration of the indi- 
ceator on the preceding page will explain the construction 
clearly. 

It will be observed that another arrangement of swivel 
is adopted for the cylinder head, Init slackness is again 
obviated by the e of a brass disc upon a ring 
which carries the lever crosshead centres and guide. 
This arrangement renders the spring more easily ex- 


changed and cleaned than in the Richards form. 


Fig. 1. 
400 Revs 

















Nucesnooe?® 

Another new feature in this indicator is the paper 
dram, the spring of which is placed at the bottom, so 
that the drum is made available for the reception of the 
indicator paper, which is placed in the interior in a roll, 
or continuous sheet, and may be drawn out through a 
slot at the side as required and torn off when a diagram 
has been taken ; though ordinary paper may be used as 
in the old form. 

We annex a fac simile of a diagram taken by this little 
indicator, Fig. 1 being a reproduction of one taken from 











the low-pressure cylinder of a torpedo boat; Fig. 2 isa 
reproduction of one taken with a Richards indicator from 
the same cylinder of a sister boat. It will be seen that 
Fig. 2 is quite unreadable and that Fig. 1 is really a very 
good indication of the action of the steam. We have in- 
spected diagrams taken with this small indicator from a 
Corliss engine. Insome of these the pencil was suffered 
to remain upon the paper during twelve strokes of the 
engine, in order to test the accuracy of the indicator, and 
the most close examination fails to detect this fact, as 
they appear to be diagrams taken from a few revolutions 
only. We have also seen other diagrams taken from a 
full-sized indicator fitted alternately with the Richards 
motion, and one of the new form in which the superior 
action of the latter is very apparent. 

There are included in Mr. Darke’s specification for the 
indicator we have described, first, an invention for giving 
motion to the paper drum by the means of rods, &c., in 
rigid communication with the engine, with means of stop- 
ping and starting the paper drum in a very simple and 
effective way. By the use of this arrangement all errors 
from the elasticity of cords are avoided. And, secondly, 
an apparatus by which the revolutions of the engine are 
marked upon the diagram at the same time as the dia- 
gram is being taken. This last invention is designed 
for another use which is novel, and which we think will 
prove highly interesting. Perhaps on some future occa- 
sion we may notice both. 

We understand that Messrs. Elliott Brothers, of the 
Strand and St. Martin’s-lane, are to have the sole right 
of manufacturing Mr. Darke’s indicator ; and that prepa- 
rations are being made by that firm to insure the greatest 
amount of accuracy in these instruments and that which 
is the greatest possible guarantee of accuracy, viz., inter- 
changeable pistons and piston-rods. 





RECENT RAILWAY ACCIDENTS. 

On the 3rd of January of the present year a train on 
the Milngavie branch of the North British Railway left 
the rails near Bearsden Station. The permanent way had 
been very recently relaid, excepting a short length 
on longitudinal sleepers at the point where the mains 
conveying water from Loch Katrine to Glasgow cross 
under the line. This short section was unprovided with 
fishplates, and examination showed that one end of a 
rail had been displaced, and that the leading wheel of 
the engine had struck it, with the result of throwing the 
whole train off the line. Four passengers were slightly 
injured, the engine was almost unharmed, but the rolliug 
stock, which was of a very old pattern, was much 
damaged. 

A collision occurred on the 3rd of January upon the 
Lancashire and Yorkshire Railway, near the Stubbins 
Junction, where the line from Bacup and that from 
Skipton join. It ap that a train of empty carriages 
was being shun at Ramsbottom Station, about 
1000 yards south of Stubbins’ Junction, when the driver 
saw the Skipton express running towards him at a high 
speed. He immediately reversed his engine, and was re- 
treating at a rate of three or four miles an hour, when 
the collision occurred, the speed of the Skipton train 
being about 20 miles an hour. The cause of this accident 
was clearly due to the extraordinary carelessness of the 
Skipton driver, who passed through the junction at a 

of 50 miles an hour, although the signals were 
against him. The guard of this train does not appear to 
have made any effort to check the train. 

At the Newestreet Station, Birmingham, on the London 
and North-Western Railway, a passenger train on the 
18th of January from Liverpool ran into a light engine 
standing on the south end of the platform, and threw it 
against the guard’s van of a train standing on an ad- 
jacent line. Some damage was done to the rolling stock, 
and six passengers were slightly injured. The train 
was fitted with Clarke and Webb’s continuous brakes, 
and it was clear that these brakes failed to act, and the 
collision was therefore unavoidable, since the driver 
relying upon them had entered the station at too high a 
speed for the hand brakes to operate. As subsequent 
examination showed that the continuous brakes were in 
good working order, it is assumed that the omitted 
to release the spring catch holding the lever out of gear 
and consequently they did not act. 

On the Belfast and Northern Counties Railway the 
front part of a pas: train quitted the rails in pass- 
ing through the Macfin Station, recently opened at the 
junction with the new Central Railway. This ac- 
cident, which occurred on January 20, was attended with 
no damage to passengers or material, and was caused by 
the signal man at the north cabin at Macfin Station 
ene to set right a pair of facing points, after he 

a short time previously passed through a special 


train. 
On the 24th of January, upon the Caledonian Railway, 
a collision occurred at Rutherglen Station. In this case 
= Sp age ry ade Carlisle ran into the 
il of a an w passenger train stand 
at Rutherglen Station ; nine passengers were injured 
considerable damage was done to the rolling stock, The 
cause of this collision was undoubtedly the carelessness 
of the driver of the express, as he ran past the station 
foe 2 0 high oe 6 ae ee ee ee 
against him, and the chain brakes with which train 








was provided were able only to reduce the speed at the 
moment of striking to about fifteen miles an hour. 

On the 28th of January a collision occurred at Verney 
Junction Station on the London and North-Western Rail- 
way, a mixed train running into a passenger train stand- 
ing at the station; two passengers were hurt. The morn- 
ing was very foggy, and the proper use of fog signals 
appears to have been doubtful. A distance signal, 900 
yards from the place where the passenger train stopped, 
was at danger, but the driver of the mixed train did not 
pay proper attention to it, supposing that the line was 
clear. After passing the signal he tried to stop his train, 
but not having suitable brake appliances failed to do so, 
and struck the passenger train at a speed of about ten 
miles hour. 

On the 29th of January a Great Western train running 
from Victoria Station to Southall was, during a thick 
fog, turned on to the wrong line at Addison-road Station, 
and ran with considerable speed into a dock, striking 
the stop buffers at the end with much violence and 
injuring two passengers. The inquiry tended to show 
that the indicator, in the box of the signalman who had 
turned the train on to the wrong line, was out of order, 
and showed that it was a Brighton and not a Great 
Western train which was advancing. On account of the 
fog the driver could not see that he was on the wrong 
line until it was too late to stop the train, which was not 
provided with continuous brakes. 

On the 29th of January a collision occurred at Edgehill 
Station, on the London and North-Western Rail way, 
between a passenger train and two light engines coupled 
together. Some damage was inflicted, the fireman of 
the passenger train was killed, and some of the passen- 
gers were injured. The train was standing at the plat- 
form about 100 yards east of the tunnel, which extends 
to Lime-street Station. Edgehill Station is protected by 
home and distant signals, the latter being 200 yards 
within the mouth of the tunnel. The train, which was 
about ten minutes late in leaving Lime-street, had been 
about five minutes at the Edgehill platform when it was 
run into, and was standing opposite the signal cabin at 
the west end of the platform. The light engines had 
been despstched from Lime-street as soon as the pas- 
senger train had been signalled clear of the Edgehill 
platform. The drivers of the engines maintained that 
the distance signal in the tunnel was open when they 
pare it, and it was considered possible that it might 

ve failed to act, as it appeared certain that the home 
signal was set at danger. Probably, however, had 
the drivers kept a good look out, there would have 
been plenty of time for them to have stopped and avoided 
the collision. A gong has been fixed at the distance 
signals to warn the drivers for the future, in case the 
signal should fail to act, or not be visible, 

Between the 27th of January and the 2nd of February, 
three accidents were reported on by the Board of Trade, 
caused by the thick fog that prevailed at that time. The 
first of these occurred near the Spa-road Station on the 
South-Eastern Railway, and was caused by a collision 
between an empty South-Eastern passenger train and a 
down main line London, Brighton, and South Coast train, 
running from London Bridge to Victoria, vid the Crystal 
Palace. The South-Eastern train, which was going from 
Charing Cross to Rotherhithe-road, had proceeded by 
hand signals past the Spa-road, where it had stopped 
for about five minutes till it was signalled forward as 
far as the Blue Anchor-road, where the signals being 
against the driver he shut off steam and had still a speed of 
six or seven miles an hour when he was run into by the 
London, Brighton, and South Coast train. The driver of 
this latter stated that he received no intimation of there 
being a train ahead, and that he could see no signals. It 
ap that he was running at a speed of about 20 miles 
an hour when the collison occurred. It is the custom on 
the South-Eastern Railway to withdraw the fog signal- 
men after midnight, so that the line is left practically 
unguarded during thick weather. The collision was 
due to this dangerous practice, together with a want of 
care.of the driver of the London, Brighton, and South 
Coast train, who had failed to notice the signals that had 
been seen only a few minutes before by the other driver. 
Seventeen passengers and a guard were injured by this 
collision. 

On the 2nd of February a collision occurred near the 
Leman-street Station of the Great Eastern Railway, 
when during a dense fog a train from North Woolwich 
to Fenchurch-street was run into by a train from Barking 
to Fenchurch-street; the former train was standing at 
the time near the London Docks Junction rear signal, 
which the driver had though it was at danger. It 
appears that the s: at Anthony-street Station, on 

e Blackwall side of Leman-street, had not advised the 
London Dock Junction signalman of the departure of this 
train, and to have in fact forgotten all about it as soon 
ooh Sa eek: powains the Barking train to proceed. 
The driver of the Woolwich train, instead of pulling up 
at the London Dock Junction rear signal, passed it, but 
did not go on to the next signal, so that owing to the 
dense fog, the train was unnoticed, and could not be pro- 
tected by fog si from either cabin. The accident, 
which resulted in injuries to ten passengers, was caused 
by the combined carelessness of the Anthony-street 

man and the driver of the Woolwich train. ‘ 

On February 8 a collision occurred at Southall Station, 
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0. the Great Westorn Railway, between an up passenger 
express and some wagons of a down goods train that had 
been previously derailed. No passengers were injured 
but considerable damage was done to the rolling stock. 
At Southall there are four lines of rails, two of mixed 
gauge and two relief traffic lines. Some of the wagons 
of the 6.5 p.m. down goods train from Paddington to 
Wolverhampton, became derailed close to the station, and 
fouled the up line as the express from Bristol to London 
was due. This accident was seen when it occurred, and 
the signals were set at danger in time to allow the driver 
of the express to employ all the means in his power to 
reduce speed. ‘The train was fitted with the Saunders 
vacuum brake, the engine with a steam brake, and the 
tender hand brakes were also screwed down. By these 
means the driver succeeded in diminishing the speed 
from about 60 to 25 miles an hour at the moment of 
collision. Investigation showed the cause of this accident 
to have been a very exceptional one. A North Stafford- 
shire empty timber truck had been attached with some 
others to the goods train at Acton, and it appeared that 
the flooring of this vehicle was defective, so that the 
chain of the truck hanging through an opening in the 
floor fouled the point of a crossing, which it partially 
displaced, and threw the wagon and three others off the 
rails. Colonel Yolland, in reporting on this accident, 
highly commends the behaviour of all the company’s 
employés at Southall, and points out that the collision 
was due to the carelessness of the wagon examiner at 
Acton. 





THE FORMS OF SHIPS. 
On a Method of Analysing the Forms of Ships 
and Determining the Lengths and Angle of Entrance.* 
By A. C. Krrx, Member. 
As Mr. Denny last year, in the course of discussion, alluded 
to a method I have been in the habit of using to find the 
mean angle of a ship’s entrance and its length, and as some of 





The following was the method adopted—and here I may 
premise that for ordinary purposes I assumed that the lengths 
of entrance and run were equal ; in fact, I contented myself 
by finding the mean of the lengths and angles of entrance 
and run, but the method is equally applicable to finding 
them separately when greater accuracy is required. 

I shall now give the process for finding the mean length 
and angle of entrance and run. 

Construct @ block-ship, having the same displacement, 
mean draught, and area of midship section as the ship under 
consideration, but with rectangular sections, parallel middle 
body (if neve: ) and straight-sided wedge-shaped ends. 
Fig. 1 shows by the curved line I B K the midship section of 
the actual ship, and by the rectangle C L M E the midship 
section of the block-ship, both sections being equal in area 





























4 CI 
uv Do o 
ee 
ir Tilt f 
L N ? 











— Fig. 2— 


and depth, having a common water line I K. The depth 
AB is the mean draught of the ship. Fig. 2.represents the 
block-ship, and ABDC is the half-breadth plan, the sides 
being vertical, the transverse sections all rectangular, and 
the keel parallel to the water lire. The sides C D and E F, 
which form the middle body, are parallel to the keel (or to 


have, in addition, the displacement in two portions, one for- 
ward of the midship section, and one alt, the distance of the 
midship-section from one end of the ship, and the mean 


draught of each of these portions; treating them, in fact, as 
— separate ships, one of which has no run, and one no 
entrance. 


In my earlier attempts I retained the actual breadth of the 
ship as the breadth of the block-ship and varied the depth, 
but I prefer the plan given above of using for the block-ship 
the mean draught of the actual ship. In ships with ex- 
tremely raking stems or stern-posts, I take the length at half 
depth when that can be got (or the mean length) as the 
length of the block-ship. In single-screw steamers, I take 
the mgth to the forward stern-post. 

The block-ship will often be found of use in forming firat 
or approximate designs, and in this view it may be interest- 
ing to compare the wetted skin surface of actual ships with 
that of the equivalent block-ships, this being an important 
element in calculations and otherwise. 

In the following Table, I have selected fourteen ships of 
very diverse types, giving their dimensions, block models, 
actual wetted surface (exclusive of that of keels or rudder), 
as wetted surface of block-ship, and the ratio of one to the 
other. 

From this it will be seen that in firat So grey in 
comparing one ship with another, we shall not commit a 
grievous error in using the surface of the block-ship, and also 
that a very close approximation indeed may be made to the 
actual wetted surface by multiplying the surface of the block- 
ship by one of the coefficients in the Table, according to the 
wee of ship. In the second column S.S. means single screw, 

-8. twin screw, and P paddle. In No. 10, I ou ft to ex- 

lain, that not only was the rudder of exceptional breadth, 

ut there was a peculiar overhanging portion under water 
near the top of stern-post, by which the mean op a 
taken for the block-ship exceeds that of the actual ship be- 
tween open 
To show more clearly the relation of the block model to 
that of the actual ship, I have selected No. 4 in the above 
Table, as being @ fair example of a hant mail st of 
considerable speed, and in the subjoined diagram I have 
given the curve of areas of transverse sections ; and! have 








putitin this form, that theordinates are equal to the half 
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* Paper read before the Institution of Naval Architects. 
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PUMPING MACHINERY AT THE AUGSBURG WATER WORKS. 
CONSTRUCTED AT THE AUGSBURG ENGINE WORKS, AUGSBURG. 
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Tue town of Augsburg is situated on the river Lech, 
a tributary to the Danube, a little north of the junctions 
between the Wertach and the Lech, and since both these 
rivers carry a large quantity of water and run swiftly, 
they afford ample opportunity for the utilisation of water 

wer. This opportunity the inhabitants of Augsburg 

ave made extensive use of, and the two rivers supply 
over 6000 horse power for various industrial purposes. 
When new water works for the town were proposed, it 
was natural that the motors for the pumps should be 
turbines, and it will be seen from the plan, Fig. 10, 
annexed—which is a plan showing the general situation 
of the works—that the pump-house has been placed on 
one of the two canals supplying water power to different 
parts of the town. Some distance above the new water 
works a weir stretches across the river Lech, storing 
the water for the two canals, the “Neubach” and the 
“Stadtbach,” while the waste water runs over a bye-pass 
into the old river bed. Since these two canals are 
emptied twice a year for the purpose of cleaning and 
repairing, a special canal had to be built just below the 
pew water station, to convey the water from the turbines 
to the river bed, locks being provided to shut this canal 
off from the large canals. The level of this cross canal 
being some 4 ft. below that of either of the large canals, 
it also serves to carry away any silt that may enter from 
the river, and in winter to discharge the ice. 

As an ample supply of pure good water, suitable for 
domestic purposes, could be obtained close to the town 
from the Siebentisch Forest, belonging to the town 
municipality, and motive power could be so cheaply 
supplied, a very high allowance of water was fixed upon 
per head of population, and a continuous supply to all 
ordinary consumers was arranged. The water tax for a 
continuous maximum supply of 317 gallons per day of 
twenty-four hours was fixed at 16s. per year, while water 





taken by the meter is charged at the rate of 3d. per 1000 
gallons. j 
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The Siebentisch Forest is about two miles distant 
from the town, and lies sufficiently high above high 
water in the Lech, to exclude entirely the danger of any 
river water ever entering the collecting wells. Of these 
wells there are three, situated about 300 ft. apart, each 
being 18 ft. 1} in. in diameter and 20 ft. 4in.deep. The 
slates position of the wells is indicated in our plan, 
Fig. 10. Porous ——< mains, 3l}in. in diameter, 
placed 11 ft. 6 in. below the ground, connect the two 
outer wells to the main central well, and the water from 
this latter is conveyed by means of a cast-iron main, 
8280 ft. long and 23gin. diameter, to the collecting 
tanks in the pump honse, This main is placed horizontally 
8 ft. 24 in. below ground, but with a dip of 6 ft. Gin. at 
both ends, so that its opening in the central well is 
14 ft. 8 in. below the surface, to act as a syphon in case 
of great drought. There is a difference in level between 
the central well and the collecting tanks in the pump 
house of about 8ft., and the water consequently enters 
the latter with considerable force. For five years the 
temperature of the water has been taken at intervals of 


five days, and it has been found to vary between 45 deg. : 


and 53.5 deg. Fahr. 

The pump and turbine house—sections and a plan of 
which are given in the two-page engraving we publish 
this week—is a handsome structure in Renaissance 
121 ft. 43 in. long, 51 ft. 5 in. wide inside, by 22 ft. high 
between floor and ceiling, and is ided with three 
overhead travelling cranes commanding its whole area. 
This building is to its full extent built upon piles. The 
foundations for the pum Fig. 1 of our two-page 
engraving—cousist of shelly limestone faced with te ; 
the floor of this pump house is about 33 ft. below the 
highest street level in ay og , and as the pressure at 
street level was fixed to equal to a column of 98 ft. 
6 in., and a loss of head was calculated in the water 
mains of 41 ft., a head of 172$ ft. bad to be provided 
for, or in round numbers of 744 Ib. pressure per square 
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inch had to be provided for in estimating the pumping 
wer. 

The water works were executed according to the plans 
and under the supervision of Mr. Endres, engineer to the 
municipality of Augsburg ; their cost amounted in round 
figures to 100,000/., including some 3000/7. for prelimi- 
nary works. The ironwork, water mains, valves, pumps, 
and turbines were supplied by the Augsburger Maschinen- 
fabrik, to the directors of which we are indebted for the 
drawings we publish herewith. 

The water works are calculated for the delivery of 
52.9 gallons of water Pe second under a head equal to 
165 ft., making a total of 87,235 foot-pounds second, 
or 158.7 net horse power. This supply is fivided be- 
tween three sets of pumps, each consisting of a pair of 
horizontal plunger pumps coupled at right angles, the 
pumps being driven by three Jonval turbines of 70 horse 
power effective each. For these turbines a water supply 
of 425 cubic feet per second with an effective fall of 6 ft. 
is available, equal to say 159,000 foot-pounds per second, 
or 289 theoretical horse power. Under these conditions 
it was necessary that the whole arrangement should give 
a useful effect of 55 per cent., and the effect of the tur- 
bines was introduced into the calculations as 71 percent., 
this percentage being taken low. The turbines had to 
be arranged to be able to work alsg with a maximum 
fall of water of 7 ft.8} in. The pumps—that is each 
group of two—have a te suction pipe and suction 
air vessel ; they deliver h one common air vessel 
placed close to the pumps into a common main deli- 
very pipe, which, previous to leaving the pump house, 
communicates with four large air vessels which represent 
the main high pressure reservoir. 

The general arrangement is such, that a fourth set of 

umps with turbines can be added at any time without 

te:ruption to the present system, At present only two 
sets of pumps are at work, the third being a stand-by 
and used only in cases of fire, &c. Should the constant 
working of three become necessary, the fourth would 
then form the reserve. Provision is also made for placing 
a steam engine in the machine house should this at any 
time become a necessity ; at present this is, however, on 
account of the exceptionally good and reliable water 
power, not in contemplation, 

The motors, as has been already mentioned, consist of 
three turbines of the Jonval system, which are not fitted 
with automatic gear, and consequently are always work- 
ing with the full water eupply. The turbines, cal- 
culated to run at 31 revolutions per minute, have a 
diameter each of 9 ft. 2} in, the upper guide wheel is 
fitted with 27, the lower working wheel with 30 sheet- 
iron blades; the former are surrounded by a cast-iron 
rim, resting with a flange upon the cast- circular 
casing, which is directly supported by the a 
Cast in one with this, and raised above Lecvenenel vel, 
is the foot bearing for the vertical shaft, and the whole 
arrangement thus secures accuracy in fitting, and in 
case the foundations should settle, all would settle 
evenly together, and the turbines would still run per- 
fectly level, The blades of the working wheel are, for 
lightness and safety, enclosed in a wrought-iron ring. 

@ outlets for the water at the bottom of the circular 
casing are closed by a cast-iron ring, which can be raised 
and lowered by means of racks and pinions from the 
machine room, and afford an opportunity for regulating 
the speed of the turbines. 

The foundations for the pumps and shafting, forming 
between them the turbine well, are built up in four 
parallel walls upon a pile foundation; these walls are 
6 ft. 6 in. thick, and being parallel to the direction of 
the canal, no change in the currout of the water occurs 
going toand coming from the turbines. Arches stretched 
in between these walls carry the floor above, and form 
very firm stays between the walls. The spaces thus 
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gained below the floor level are used for placing suction 
and delivery pipes, and the last space on the right contains 
the two fresh water reservoirs. This arrangement will 
be readily understood by reference to Figs. 1 tf 3 on our 
two-page engraving, the space on the left-hand side 
being reserved for No. 4 turbine and pump, while Fig. 3 
also shows some light arches stretched across the canal 
carrying the water from the turbines. The bottom 
and side of the turbine well (see Fig. 3) are made of 
oak planking, and can, if necessary, be easily replaced. 
The same figure also shows the sluice valve separating 
the turbine well from the supply canal with its lifting 
arrangement, and also outside the building a wrought- 
iron flat bar grating of 2 in. meshes to prevent débris 
floating into the turbines. 

For safety sake it was arranged that any one turbine 
should be able to drive any one pump, and for this pur- 
ae a special arrangement of shafting was necessary. 

his shafting (see Figs. 1 and 2) is driven from the 
turbine by bevel gear, and can be thrown out of gear by 
means of a screw spindle on the horizontal shaft. The 
pumps are driven by gearing (see Figs. 1 and 2) and the 
small driving wheels can also be thrown out of gear. 
The number of revolutions of the shaft, 56 per minute, 
and the diameter of shafting, 8in., have been chosen so 
that in case of necessity a steam engine may be coupled 
to the shafting. The driving wheels on the pumps have 
a diameter of 13 ft. 1} in., or about four times the stroke 
of pumps. A clutch coupling has been provided, dividing 
the shaft into two lengths, thus enabling one half to 
be immediately disengaged from the other in case of 
accident ; and to enable repairs in the shafting itself to 
be carried out rapidly, it has been composed of several 
short pieces, connected by flange couplings. All driving 
wheels are fitted with wooden cogs, and all the bearings 
belonging to the shafting rest upon a continuous bed- 
plate, consisting of two parallel cast-iron hollow boxes 
connected by crosspieces. This arrangement insures 
great rigidity and very steady working of all the gearing. 
Gearing was adopted for driving the pumps also for the 
reason of keeping them low down, so as to reduce the 
suction height as much as possible. 

The pumps (see Figs. 6 and 7 on page 244, and the 
detail views of valves, Figs. 8 and 9, on page 245) are 
arranged horizontally and coupled at right angles. This 
system with two plungers in preference to one of larger 
size, was adopted partly on account of greater uniformity 
in working and partly because of extra safety, since in 
cases of emergency one of these could be run separately. 
The pumps make twenty revolutions per minute, but this 
speed could safely be increased without any fear for 
valves and gearing. The pumps have 3 ft. 3} in. stroke 
and a diameter of 114 in., giving the very good propor- 
tions of 1:3.6 between diameter and stroke, and thus 
enabling all driving parts to be comparatively light 
and making it easy to keep the stuffing boxes tight. 
Nevertheless the stuffing boxes have been fitted with 
water spaces, supplied from the high-pressure main as 
shown in Fig. 7, to avoid all possibility of an air leak. 
All bearing surfaces are made sufficiently large to reduce 
wear and tear to a minimum, the pressures being on the 
crank bearing 85 1b. per square inch, on the crank-pin 
470 lb., and on the crosshead 14} Ib. per square inch. 

The suction and delivery valves are, as will be seen from 
our detail illustrations, Figs. 8 and 9%, circular valves, 
arranged in three rings, and they are very easily acces- 
sible as soon as the valve cover has been lifted. Both 
valves have a very smali lift, that of the suction valves 
being } in. and that of the delivery valves jin. The 
valves, which work remarkably quiet, are made of 
wrought-iron rings, faced with leather, and have an 
annular opening of 1,% in. in width and a lap of } in. ; 
water passes both outside and inside of the annular ring. 
The full valve area of the suction valves is one and a 
half times the piston area, while for the delivery valve, 
it is equal to the area of the piston, these proportions 
giving respectively speeds of 17 in. and 24 in. per 
second for the flow of water through the valves. 

From Fig. 6, on page 244, it will be noticed that each 
suction pipe has an air vessei, the volume of which is 
equal to four times that of the pump. The water passes 
from the delivery valves to the air vessel, that from the 
one end passing over the valves of the other; no bad 
effects are said to be caused to the valves by this arrange- 
ment, which certainly simplifies the delivery pipes. It 
may be mentioned here that an electric pressure recorder 
comes into action whenever the highest and lowest 
working pressure is reached, and the men in charge of 
the turbines are thus enabled to control the pressures 
accurately. 

The pumps are supplied by separate suction pipes 
of 11} in. diameter from two cast-iron circular tanks, 
each 11 ft. 5}in. diameter and 13 ft. 1jin. deep; the 
arrangement of suction pipe with guard and return 
valve will be readily understood from Figs. 1 and 2 of 
our two-page engraving. The foot valves are of the 
same type as the suction valves, but made very light, so 
that they almost float on the stream of water passing 
ther. In addition to these, each suction pipe is fitted 
with a sluice valve (see Fig. 1), by means of which the 
suction can be completely closed, or the supply of water 
reduced in case one pump only is working. 

The air vessels, which are placed as close as possible 





to the delivery valves of the pumps, are cylindrical, 
3{t. 3in. in diameter, and of 116.5 cubic feet contents, 
or about fifty times the contents of the pumps. They 
are mounted upon cast-iron bases, are fitted with 
pressure gauge and gauge glasses, and with a sluice 
valve at the bottom, leading to the delivery main. The 
enclosed air volume is equal to about nine times the 
volume of the pumps. 

The delivery main, which is 214 in. in diameter to the 
point where it branches, is of such proportions that the 
speed of the water never exceeds 3}ft. per second. 
Previous to leaving the pump house the delivery main 
communicates with four large air vessels, which are 
employed as a substitute for a high level reservoir, 
which would have been a very costly addition to these 
water works, This function they can, of course, only 
fulfil to a certain extent as long as the consumption 
remains pretty constant. They are 5 ft. 9 in. in diameter, 
82 ft. 92in. high, and have a total capacity of 3180 cubic 
feet. he wrought-iron shells are jin. thick, with 
double rivetted longitudinal and single ring butt seams, 
and are calculated for a pressure of twelve atmospheres. 
The top and bottom are curved and made in one piece, 
as shown in Figs. 4 and 5. These air vessels were made 
in three pieces, with turned flanges and rivetted together 
in place; they each weigh about thirteen tons empty, and 
they are carried by cast-iron brackets fixed to the bottom 
ripg, as shown in Fig. 4. They are all fitted with man- 
holes and the usual gauge fittings. 

The cast-iron delivery water main, 214 in. in diameter, 
runs from the water stations to the centre of the town, a 
distance of about 24 miles; here it is divided into three 
branches of 1ljin., 9fin., and 8jin. diameter respec- 
tively, which are again subdivided into pipes of 4 in. and 
3 in. diameter, leading into the smaller streets. All 
branches are again connected at suitable distances, thus 
avoiding dead water in any of the supply pipes. At 
present the length of water supply pipes amounts to over 
334 miles, with 650 street hydrants fixed at distances of 
about 275 ft. The present supply, with only two of the 
pumps at work, is 35.3 gallons per second, giving toa 
population of 60,000 a daily supply per head of 50.7 
gallons. This must be considered excessively high, and 
can only be accounted for by the large available quan- 
tity of pure water at a low rate. Water is conveyed to 
and into the houses by galvanised iron pipes. At the 
entrance of this pipe into the house there are three 
cocks, one ordinary stop-cock, one cock regulating the 
supply—which is adjusted and sealed by the water com- 
pany—and a meter cock. The supply pipe is carried up 
to the highest point required, and has at the top a small 
waste reservoir, a small quantity of water constantly 
running to waste to insure a supply of fresh water in tho 
pipes. It appears that both for price and supply Augs- 
burg is in a far better position than the inhabitants of 
our metropolis, and the works we have been describing 
have altogether been carried out in a highly creditable 
manner. 








THE STRENGTH OF RAILWAY BRIDGES. 
To THE EpITOR OF ENGINEERING. 

S1r,—I really cannot plead iguilty to having in agin 
letter ‘‘ misunderstood’ Wéhler’s experiments. ‘The ques- 
tion which I raised went much more to the root of the matter 
than Mr. Am Ende seems to think, and as it was entirely in- 
dependent of whether the range of stress was diminished or 
not as the higher limit of stress was raised, I round 
figures to illustrate my argument, without in the least in- 
tending these figures to be more than illustrative. I am 
sorry if my letter did not make this clear; you will find 
that I repeated it twice over, although perhaps not dis- 
tinctly enough. 

The question I have raised, however, has nothing what- 
ever to do with the absolute values of the limit of elasticity 
obtained under different circumstances by Wohler. Of his 
experimental results no one can entertain any doubt, the 
uestion is solely one of their application. I would, 
therefore, have preferred to discuss it with merely repre- 
sentative numbers. in case I might be misunderstood as im- 
pugning the correctness of Wéhler’s facts. If now, there- 
fore, I take up Mr. Am Ende’s » he must not accuse 
me of wishing to throw doubt on Wohler’s experiments. 
Let us take the case he supposes. We have a tie rod, 
say 10 ft. long, of wrought iron whose limit of elasticity (in 
the ordinary sense of the word) is 10 tons per square inch. 
It is to be subjected to minimum and maximum loads whose 
ratio to each other is 1:1.54. Wéobler has shown that 
under these circumstances its limit of elasticity can be 
raised to 15.4 tons per squareinch. Is this tie rod to be 
proportioned (by whatever formula) as if its limit of 
elasticity were 1 —_ square inch, or as if it were 
10 tons? ‘this is the question at issue, and my answer 
to it is that the bar must be proportioned for the limit of 
10 tons, for the simple and quite sufficient reason that that 
is its limit of elasticity in the state in which we use it, 
so long, namely, as it remains 10 ft. long. The limit of elas- 
ioty may be defined in an endless number of different ways, 
but for our present we may surely say that it is the 
highets load which the can bear without such extension 
as shall sensibly alter the form of the structure to which it 
belongs. Then the only question is: What would happen 
to our tie rod if at any time the load upon it reached nearly 
the higher limit of 15.4 tons per square inch? Am 
Bete admits that it would take a not, 











which he quotes from from the Z. f. Bawwesen, but of 
course I do not doubt that Herr Wohler, having seen the 
experiments throughout himself, knows all about this. If, 
however, the sentence qucted is all he has said about it, I 
do not wonder that it has hitherto escaped notice. I have 
lately made a number of experiments here on the effect on 
bars of loading them beyond their first limit of elasticity, 
and have found, as has repeatedly been found before, that 
in this way their limits might be very greatly raised. The 
bar extends uniformly throughout its whole length, and 
contracts uniformly in area, its modulus of elasticity being 
































generally distinctly diminis hed, The annexed little Table 
gives a summary of a few of the results I have obtained : 
e e Al\PEs 4 
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167 | 0,77 6.00 | 35,100 (Bessemer steel (Crewe). 
» | 0.748] 6.21 | 51,500 
» | 0.698] 6.56 | 62,400 |63,960 
214 | 0.901 | 10.00 | 42,200 Landore steel (S.), 
» | 0.863 | 10.43 | 48,840 
» | 0,810] 11.04 | 57,720 |66,600 
215 | 0.890 | 10.00 | 41,000 ... |Landore steel (S.). 
+» | 0.855 | 10.46 | 53,950 
+» | 0.805 | 11.01 | 56,200 |62,830 
217 | 0.302) 6.00 | 34,700 Rivet steel (Crewe). 
+» | 0.296] 6.19 | 44,800 











An examination of the figures in the third column of the 
Table shows at once to what an enormous extent the length 
alters while the piece remains quite elastic, its limit rising 
as shown in Column 4. If we apply to our case the results 
even of No. 167, the piece which extended least in pro- 
portion to its i limit, we find that by the time our 
10 ft. tie rod had had its limit of elasticity raised 50 per 
cent., it would and must have extended about 4in.! I 
need hardly point out that this is out of the question. But 
the bar can never be elastic under a load of 15.4 tons per 
square inch until it has been stretched this 4in.—as of 
course it would have been had it been in Herr Wohler’s 
machine, and similarly with any loads whatever which are 
above 10 tons per squareinch. SoI must come back to my 
original statement, that we must in such a case either be 
content to design the rod as if its limit of elasticity were 
10 tons per square inch, or bring the rod first into a con- 
dition in which it may stand a higher load without altera- 
tien of form, which would mean in our case stretching the 
10ft. rod to 10ft. 4 in. or some other such length. I do 
not understand that it is proposed at present to adopt the 
latter alternative, and I fear therefore that we must be 
content with the former. 

Lhope that the importance of the subject may be suffi- 
cient excuse for this unconscionably long letter. 

Yours truly, 
yen Avex. B. W. KENNEDY. 
Engineering Laboratory, University College, W.C., 
March 20, 1880. 





SpanisH Iron Onxs.—In June, 1879, the price of iron 
ore free on board at Bilbao, was 5s . per ton; in 
September it ranged from 6s. 6d. to 7s. per ton. It rose 
to 8s. during November, went up to 10s. 6d. on the 20th 
December, and reached 12s. 9d. six days afterwards. On 
the 15th of Jan this year 14s. per ton was reached, 
which was followed by a rise to 16s. on the 24th. Recent 
advices, place the figures at 16s. 10d. per ton, but as the 
miners refuse to take large contracts for future delivery, it 
is thought at Bilbao that 20s. per ton may become the 
ruling quotation. The total — of ore from Bilbao, 
during 1879, footed up to 1,120,839 tons. 


_ A New Wary or Heatine Rartway Carriaces.—lt 
is from Lyons that the Compagnie Paris-Lyon- 
Méditerranée is now trying a new method of heating in 
express trains. The method was pro; . Ancelin, 
an engineer, and consists simply in the use of acetate of 
soda in the foot-warmers. The substance has considerable 
latent heat; dissolving at a certain temperature, it thus 





absorbs a quantity of heat, which becomes sensible 
during crystallisation in i All that is required is 
to fill the ordinary cases with a sufficient quantity of the 


acetate, close them, and place them in a stove at about 
100 deg. The cooling of a case thus charged and heated 
takes twelve to fifteen hours. The warmers are thereafter 
taken from the compartments and placed in a stove (where 
the crystals of soda acetate are re-dissolved); they are 
then ready for fresh use. The advantages of such a 
system are obvious—no necessity of changing warmers 
every two or three hours, or of maintaining a numerous 
body of men at stations to attend to them ; economy in 
cost of peomae. Se, Morever, most of the existing foot- 
warmers can utilised. Acetate of soda is not ver 
expensive, and it could easily be manufactured in muc 
larger quantities than at present if the demand required it. 
The new system has been tried on the express train No. 5, 
leaving Paris at 7.15 and reaching Perrache at 4.31. The 
compartments were each supplied at starting with two 
warmers containing acetate of soda. At Perrache most of 
the warmers were still so hot that one 


could not apply the 
back of the hand to them. ‘From Lyons to Marseilles the 





train was heated on the ordinary 


system.— Times. 
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THE PATENT LAWS. 

Ir seems likely the Patent Laws will ere long be 
dealt with by Parliament, and it behoves those who 
have the national welfare at heart to carefully re- 
gard the signs of the times as affecting a subject of 
such grave importance. The question is not a party 
one ; neither is it one on which we advocate one-sided 
legislation. We have no desire to see patentees’ 
prerogatives magnified or extended—but, on the 
other hand, we must earnestly protest against legis- 
lation of a kind calculated to give preponderating 
advantages to the capitalist and large manufac- 
turer, and thus to practically subordinate the public 
interest to that of a class. Unfortunately those 
who attempt to deal with the subject do not in- 
variably display an intimate acquaintance with it 
from all points of view—and it is not by one-sided 
arguments the public ought to be or will be guided. 
Our contemporary the Zimes, in an article last week 
having especial reference to the decision of the Court 
of Appeal in ‘‘ Von Heyden ». Neustadt,” began 
by asserting that ‘‘ Patents are never very popular 
except among patentees.” It would be interesting 
to know whence this erroneous impression—for 
erroneous it most certainly is—was obtained. We 
have from time to time ascertained the views of very 
many having no direct interest whatever in inven- 
tions or patents, and we cannot call to mind a single 
instance where the opinion has been the reverse of 
favourable to the protection of inventions: not 
only as a matter of justice to the inventor, but also 
on the broader ground ef public expediency—and 





all the evidence from time to time collected 
goes to wapeee this view, and to show that 
those who object to patents are usually manu- 
facturers who would be gainers by being able to use, 
free of royalty, some patented invention belonging 
toanother. We will not go into the details of the 
particular case cited by our contemporary, though 
we may say the decision appears to have been sound 
and equitable. Even our contemporary does not, in 
a direct way, quarrel with the principle the Court of 
Appeal has enunciated. But it seems to us exaggera- 
tion to say that the principle enunciated might pro- 
duce results, if a grasping greedy patentee were to en- 
force his rights, ‘‘ which would be fatal to the whole 
body of the Patent Law.” We also take exception 
to the assertion that the law does not make more 
friends the longer it lasts, A comparison of the public 
opinion of to-day, with that of a few years back, will 
show how clearly mistaken is the view adopted by 
our contemporary on this point. For the rest, the 
arguments used may be said to have been long since 
worn threadbare by agitators of a certain class whose 
doctrines have been found untenable. 

It cannot, however, be denied that our Patent 
Laws are open to ae at pe in many respects— 
and therefore the likelihood of their being dealt with 
by Parliament may perhaps be matter for congratu- 
lation—one cannot, however, look forward to the 
prospect without some misgivings, in view of certain 
observations the Attorney-General is reported to 
have made in the House of Commons recently, when 
the honourable member for Glasgow moved the 
second reading of his Patents for Inventions Bill. 

Mr. Anderson’s Bill proposed the appointment 
of paid Commissioners of Patents; considerable 
reduction in the present Government fees on pa- 
tents ; and extension of term to twenty-one years. 
It also proposed that patents granted prior to the 
commencement of the Act, and then in force, 
should be exempted from the payments at present 
prescribed at the end of the third and seventh 

ears, so far as those payments should not have 
come due, and thereafter should be liable only 
to the payments prescribed in the Bill; likewise that 
existing patents might be extended to twenty-one 
years. Thestamp dutiesproposed in the Bill amounted 
to 1/. 5s. for provisional protection, and 10/. in all for 
the complete patent up to the seventh year, when 
there was to be a further payment of 25/. ; at the end 
of the fourteenth year a final payment of 50/. was 
proposed. During the discussion (after which the Bill 
was withdrawn), Mr. Anderson said much of the de- 
pression in English manufactures, and a great deal 
of the increasing prosperity of foreign manufactures, 
were due to the encouragement which foreign nations 
gave to emer in comparison with England. 
Our neighbours sought to stimulate the inventive 
nius of their people by a cheap system of patent 

w, while we rather checked such attempts. cm 
session an amendment of this law was pro , 
and the Government introduced Bills on the subject, 
but these Bills seemed to create a kind of police to 
keep patentees in order, and prevent them getting 
any benefit from their inventions. He also said that 
the Patent Office was at present oe mis- 
managed, and that patentees the utmost difficulty 
in ascertaining what previous discoveries there were 
affecting their inventions. It was in order to give 
facilities in this ree he proposed that in place of 
the present unpaid Commissioners, who did not do the 
work at all, there should be paid Commissioners. 

The Attorney-General said he had not understood 
that there was any complaint as to the way in which 
the Commissioners performed their duties. He 
was not able to accede to the second readin 
of the Bill, and said the Government 
come to the conclusion that it would not be de- 
sirable to have paid Commissioners. With regard 
to the proposal to grant patents for twenty - one 

ears, it seemed to him that that was very much too 
ong a period. They had to consider not merely 
the interests of patentees, but those of the manu- 
facturers and the great industries of the country. 
As to the fees, he thought it would be desirable 
to lessen them in the first stage of the patent, so 
that workmen might be encourageé to get provi- 
sional protection to enable them tw develop their 
ideas, but he would strongly object to a reduction 
in the later stages. Under the present system 
patents were granted for all kinds of frivolous and 
ridiculous ideas. 

Seeing that the Attorney-General is himself one 
of the present Commissioners of Patents, it is not 
surprising he should defend them ; but if he thinks 
the conduct of the Patent Office is what it ought to 





be, or such as to give general satisfaction, we can 
only regret his lack of information on the subject. 
As regards the duration of patents, it will be re- 
marked that Sir John Holker does not stad to 
continue long of one mind, seeing that, after having 
himself introduced more than one Patent Bill pro- 
posing extension of term to twenty-one years, he 
now opposes such an extension of term when pro- 
— by Mr. Anderson in a Bill backed also by 

. Mundella, Mr. D ple, and Mr. Alexander 
Brown, It may be sai is change in opinion 
has resulted from consideration of the representatio 
made to the Government in memorials respecting 
the Attorney-General’s own Bills. If so, however, 
how is it the Government still consider it: would 
not be desirable to have paid Commissioners of 
Patents? Not only in those memorials which ob- 
jected to a term of twenty-one years, but also in 
many others, it has been most strongly and re- 
peatedly urged that paid Commissioners are essential 
to the satisfactory conduct of the business of the 
Patent Office. 

The Attorney-General’s opinion as a lawyer is un- 
doubtedly entitled to high consideration, but when 
he speaks of the interests of patentees as though 
they were antagonistic to those of the great indus- 
tries of the country, he fails to re the matter 
in its true light, or in the light it is viewed in by 
the majority of practical men. Again, when he 
—_ of “all kinds of frivolous and ridiculous 
ideas,” it may perhaps be questioned whether his 
want of technical knowledge may not have fre- 
—— led him to form an erroneous judgment, 
t must not be forgotten that even practical men 
very froguentiy err in their judgment as to the 
merit and importance of inventions. This being so, 
even admitting that under the present system patents 
are occasionally granted for ‘ frivolous and ridicu- 
lous ideas,” it is to be hoped Parliament will not 
make the fatal mistake of sanctioning the appoint- 
ment of any officials with power to select the inven- 
tions for which patents should and should not be 
granted, save perhaps in clear cases of fraud. The 
grave objections to such a system have been 
clearly demonstrated, and it is notorious that in 
countries where prelimi examination obtains 
gross blunders and injustice occur, which have a 
tendency to retard improvement; whilst, on the 
other hand, ‘‘ frivolous and ridiculous ideas” are not 
effectually weeded out. This, however, is a matter 
of no consequence, since it must be evident, even 
to the Attorney-General himself, that if an ‘ idea” 
is frivolous or ridiculous, the existence of a patent 
for it cannot injuriously affect the manufacturers or 
the great industries of the country, or, indeed, any 
one whatever excepting eee the patentee himself. 
As regards the s n of the Attorney-General 
that it would be desirable to lessen the fees in the 
first s of a patent so that workmen might be en- 
couraged to get provisional protection to enable them 
to develop their ideas; whilst this would undoubtedly 
be astep in the right direction, it would, as unques- 
tionably, not be sufficient. At present provisional pro- 
tection gives little security. This, no doubt, might be 
easily corrected, but, to benefit the community, an 
inventor must do more than merely develo in- 
vention. It thust be introduced into use, This calls 
for the expenditure of capital, and often of 
amounts, even in the cases of comparatively simple 
inventions. Sometimes many thousands of pounds 
have to be expended, additional patents taken out, 
and the third years’ stamp duties, and even the 
seventh years’ stamp duties have to be paid, before 
any return whatever is obtained. This is matter of 
fact, and the law as it stands, or as the Government 
would alter it, does not meet this class of case. On 
the other hand, we cannot attempt to make different 

rovisions for different cases: the law should be 
iberal and encouraging to all alike. 

As we have before pointed out, either Patent 
Laws are desirable, or not. The public is satisfied 
they are desirable; and, this being admitted, the 
imposition of a special tax on invention is in the last 
degree impolitic, not to say unjust ; especially seeing 
that the successful patentee, like other people, pays 
income tax proportional to his success, High fees do 
not prevent well-to-do ns from patenting their 
ideas, even though they be “frivolous” or “ ridicu- 
lous,” but do act as a barrier to the practical man 
whose invention is valuable and whose means are 
small. This is antagonistic to the true interests of 
the public. The Attorney-General admitted that 
he knew of nothing more important than the altera- 
tion and improvement of Patent Laws. He 





said if invention were properly encouraged, the 
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manufacturing industries of the country would 
reap an enormous benefit; but the question was 
one with which the Government ought to deal. 
It was no fault of their own that the Bills which 
they had introduced had not passed. The Govern- 
ment Bill of last session would, with some modi- 
fications, in his opinion, be a very excellent one, 
and if they were in power when Parliament re- 
assembled, as in all probability they would be, he 
would do his utmost to get that measure re- 
introduced. 

This is all very well, but it will be remembered 
that the last Government Patent Bill required 
very material changes to render it a desirable 
measure ; and it will be observed with regret 
that the changes which = uppermost in the 
Attorney-General’s mind, if we are to judge from 
his remarks on Mr. Anderson’s Bill, are not those 
which were really desirable, but are other changes, 
and are distinctly in the wrong direction. Indeed, 
his remarks seem to indicate the withdrawal of some 
of the few features which constituted, in his last 
Bill, improvements on the present law. It is, how- 
ever, to be hoped advantage will be taken of the 
approaching general election to return members 
who entertain sound views on a subject of such 
immense importance to the material prosperity of 
the country; and that should the present Govern- 
ment return to power, as a non by the Attorney- 
General, their action in relation to the Patent Laws 
will be so watched and guided that we may not 
awake some morning to find in existence a Patent 
Law which will prove disastrous to the country. 





SULPHATE OF SODA LAKES. 

Ir is only within the last few years that the ad- 
ministration of the Russian Government has been 
able to work practically in the Caucasian provinces, 
Formerly it was by no means an easy task to visit, 
and much less to explore a district, where the 
warlike Circassian chiefs were in the habit of offering 
strangers a very poorand indifferent welcome. The 
social condition of the country is, however, entirely 
modified. ‘The Russian dominion is at present un- 
discussed, and thanks to its authority the Caucasian 

rovinces enjoy peace and quiet. ‘To say they are 

ppy and contented would perhaps be going too 

far, but no fear of civil war appeare to be entertained 
by the inhabitants, 

Railway communication exists to the very foot of 
the Caucasian range. The ee line affords 
a com tive] access to the mountain 
that needa South Russia with the town of Tift, 
Lovers of nature proclaim that the fatigues of so 
long a journey are amply repaid by the extreme 
beauty of the Caucasian scenery. 

Some very interesting discoveries have been the 
result of the facilities now afforded to exploring 

ties. Of these one of the most striking is doubt- 
ess the discovery, in the neighbourhood of the small 
town of Batalpachinsk, of two lakes where consider- 
able deposits of sulphate of soda are periodically 
formed. It was known that for years past the in- 
habitants of the province of Kouban made use, for 
domestic purposes, of salt obtained from these lakes. 
But it is only recently that the nature and composi- 
tion of this substance has been ascertained to be 
almost pure sulphate of soda. Considering that 
hundreds of tons are yearly absorbed by the people 
and cattle of this district, we must conclude that 
the inward structure of the inhabitants has become 
duly adapted to their present régime. We must 
however Sane this curious example of the effects of 
habit for the members of the medical world to 
examine and discuss. 

The two lakes known to contain sulphate of soda 
are situated at 25 kilos. from the station of Barsanky 
(Roston to Viadikawkas Railway) at a short dis- 
tance (about | kilo.) from each other. The country 
is slightly undulated, the lakes being formed by two 
depressions of no great depth. The larger basin is 
oval, and measures 5 kilos. by 4 kilos. ; the smaller 
is round and measures 2 kilos. in diameter. The 
lakes have no outlet, and only recover during the 
rainy season the water they lose in summer by 
evaporation. We believe that the exact depths of 
water have never been ascertained towards the 
centre of the lakes, but they are not supposed to 
measure over a fewfeet. The ers are extremely 
shallow, and for some distance the flat ground is 
only covered by a few inches of water; the depth 
then gradually increases. 

‘The sulphate of soda that saturates these waters 
is, in part, precipitated under the influence of cold. 





At freezing point the formation of crystals com- 
mences, san aneelig a crust is formed at the 
bottom of the lake, varying in thickness from } in. 
to4in. This deposit is called “‘kriga” by the in- 
habitants. It is easily broken and brought to shore 
in slabs of a convenient size. Some of the light 
crystals that are formed at the surface join and cling 
to each other, until they gery s cover the water's 
surface with a snowy film that floats and is carried 
to the shore by the wind. This phenomenon is 
more usually observed in summer under - the in- 
fluence of rapid evaporation. 

The lakes were visited last summer by Mr. 
Gauthier, civil engineer, who b ht to Paris 
samples both of the water and of the deposits of 
sulphate of soda. The water was analysed and 
shown to contain in 1000 grammes (one litre) : 





Grammes. 

Sulphate of soda (crystallised) ... 293.28 
Chloride of sodium (common salt) 48.34 
Sulphate of magnesia... nde eve 11.35 

: 352.97 

or otherwise : 

Anhydrous sulphate of soda... ee 129.05 
Chloride of sodium eco eee oti 48.34 
Sulphate of magnesia 11.35 
188.74 


The amount of dry sulphate of soda contained in 
the water is thus shown to be no less than 13 per 
cent, 

The kriga or crust of crystals found on the soil 
under water, was also analysed by Mr. Gauthier, and 
found to contain, in 100 grammes : 





Grammes. 
Crystallised sulphate of soda 96.74 
Chloride of sodium ste 1, 
Sulphate of magnesia 0.87 
- lime ... 0.02 
Hygroscopic water 0.88 
100.00 


When dried the crystals lose 56 per cent. of their 
weight ; their composition is then : 


Grammes. 
Anbydrous sulphate of soda 96.70 
Divers salts ove ott 5.30 
100.00 


We can safely admit that even when dried the 
— contain 95 per cent. of pure sulphate of 
a 


From what we have said above it is probable that 
the average depth of water is not much less than a 
foot. Mr. Gauthier calculates that with only an 
average depth of 0.10 metre, the total amount of 
water contained in the lakes attains two millions of 
cubic metres. The percentage of sulphate being 
13, the total amount of anhydrous sulphate of soda 
is 260,000 tons. It is probable that the lakes of 
Batalpachinsk contain at least twice this amount of 
water, and consequently of sulphate. 

The discovery of so extensive a deposit of sul- 
phate of soda may before very long somewhat 
modify the present Russian soda market. Large 
quantities of sulphate and carbonate of soda are 
yearly shipped from our country to the Russian 
ports, where their cost is considerably increased in 
consequence of the heavy import duties they have 
to pay. The Caucasian soda is, therefore, likely to 
find an easy and ready market. We learn that a 
company recently formed in Paris are soon to com- 
mence operations, with the purpose not only of 
supplying the dry sulphate to the glass factories, 
but also of establishing soda works in the neigh- 
bourhood of the Donetz coal district. We cannot 
tell at what + ree epoch their produce is likely to 
compete with that of our home manufacturers. Nor 
has it been our intention to treat the subject com- 
mercially, but simply to call our scientific readers’ 
attention to an unprecedented caprice of nature. 

For a geologist this is a curious and interesting 
henomenon. Unfortunately the data collected -by 

J a as to the — formation of the 
country does not to be sufficientl ise to 
allow of any wel Sed theory. Guan’ daliew 
soundings, only a few feet in depth, are naturaily 
enough insufficient to throw any light on the sub- 
ject. It does not seem improbable that salt beds 
should exist in the upper sedimentary formations of 
a district so closely connected with the low salt- 
——s plains of South Russia. On the other 

and it is well known that traces of volcanic dis- 
turbances have been met with in different of 
the Caucasian range. It is therefore quite possible 


stances for record’s sake alone, for this possible 
origin of the strong solution of sulphate of soda 
found in the Batalpachinsk lakes, has already been 
suggested, and may be looked upon as the best ex- 
planation so far. It is a problem we warmly recom. 
mend to any geologist of our country who may 
contemplate a scientific tour throughout the 
Caucasian range. 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 

WE mentioned briefly last week, the events of the 
first days’ meetings of the Institution of Naval 
Architects, and promised to return to a considera- 
tion of Mr. Martell’s paper ‘“‘ On Causes of Unsea- 
worthiness in Merchant Steamers,” and the discussion 
which followed the ing upon it. 

It is notorious that during the past winter the 
losses at sea of cargo-carrying steamers have been 
extremely heavy, and that much uneasiness and 
excitement have been thereby createdamong shipping 
circles, The recent commotion created by Mr. lim- 
sollin the House of Commons when he committed 
a breach of privilege in his vexation at finding 
his Bill on Grain Loading shelved, tended greatly 
to draw public attention to the subject; and interest 
in the subject was still further promoted by the 
appointment of a Select Committee of the House to 
investigate the subject of the recent disasters. All 
these circumstances combined to invest Mr. Martell’s 
paper with an importance even beyond that which 
would naturally attach to a paper on such a subject 
coming from the Chief Surveyor to Lloyd’s Register 
of Shipping. 

The Council of the Institution evidently shared 
this opinion, for as we pointed out last week, they 
made it the sole paper of their first sittings so as to 
give ample opportunities for discussion. The dis- 
cussion turned out to be a good one, but it would 
certainly have been of more weight and importance 
had it not been for the gencral election, which kept 
away from the meeting men like Mr. Plimsoll, Mr. 
E, J. Reed, Mr, Samuda, and many others who are 
too much absorbed with their constituents to give 
thought to anything else at present. 

It was expected that Mr. Martell would deal 
largely with the subject of grain cargoes, and that 
he would throw light on Mr. Plimsoll’s pet project 
for carrying all grain in bags. Mr. Martell reviewed 
at considerable length the whole question of grain 
stowage, and he did much more than this, for he 
discussed very broadly and impartially the whole of 
the probable, and we may almost say possible, causes 
of the recent disasters. In concluding his remarks 
on grain loading he observed, ‘‘ That a cargo com- 
posed partly of bulk and partly of bag grain can be 
made as safe as a cargo containing all bags, is a 
question on which all practical men are agreed, and I 
think I have shown that behind the losses which 
have occurred there lie dangers from deficient 
stability and other causes which would not be cured 
by carrying all grain in bags, and my endeavour 
has been, so far as I have been able, to shadow 
oe the relative magnitude of the different sources 
0! Mad 

These sources of peril were classed by Mr. Martell 
under ten heads, commencing with weakness of 
structure, and ending with overloading. We will 
invert the order in which Mr. Martell discusses 
them, and they will then, we believe, stand very 
nearly in the order of their importance, and in the 
order in which from his subsequent remarks on 
them, the author himself attaches to them: 1. 
Overloading. 2. Disproportionate dimensions of 
steamers, combined with undue _— double 
bottom, thereby causing, with some iptions of 
cargoes, deficiency of stability. 3, Hasty and im- 

roper loading, particularly of grain cargoes in 
bulk, and deficiency of shifting boards or bulkheads, 
or other means to prevent cargo from shifting. 4 
Inefficient protection of openings in the deck. 5. 
Bad navigation, leading to collision or vessels 
running ashore. 6. Breaking down of machinery, 
and the consequent falling off of the vessel into the 
trough of the sea. 7. Faulty and deficient pumping 
arrangements, preventing the accumulated water 
being pumped from the wings in turn of bilge, after 
a vessel, from shifting cargo or other cause, has 
become inclined. 8. Absence of r control 
over cocks, valves, and pipes connecting the engines 
and boilers with the sea. Also a want of r 
arraD ts of bi p suctions and of suction 
Pp ilge, whereby water, from in- 








that a sulphur deposit may chance to lie at no great 
distance from a salt bed. We mention these circum. 
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into a vessel, 9. Deterioration, causing local defects 
and unseaworthiness, 10. Weakness of structure 
from deficient scantlings, combined with faulty con- 
struction in arrangement and workmanship, together 
with inferiority of material. 

Of the foregoing sources of danger, Mr. Martell 
says all have at one time or another claimed their 
victims, but in connexion with recent disasters 
special prominence has been given to what we have 
put as the first three. : 

Taking these first three headings together, we 
may divide them in another way that presents 
another view of the subject, and cannot fail to be 
instructive. ‘Taking then the ships as they are, the 
loading as it is, and the cargo as it is stowed, we 
pra J inquire: 1. How do they stand in point of 
stability, safety, and seaworthiness, quite apart 
from cargo shifting? and 2. How far does cargo 
cw ay! this state for the worse ? 

1. Mr. Martell traces up the growth of what is 
termed the small ‘three-decked” type of car, 
steamer (buat which in reality has only two decks 
from the. one-decked East Coast collier ‘ype; whi 
is usually covered more or less with lightJsuper- 
structures above the deck. He shows that the 
vessel has been growing gradually more closed in 
above the one deck until it has become a vessel 
with two decks without an adequate increase of 
beam, and the new vessels b2iog much stronger, 
and capable in point of strength of carrying much 
more cargo, they have in point of fact been very 
much more deeply laden, and have become deficient 
in stability as well as in spare buoyancy. This 
danger is quite distinct from the question of cargo 
shifting, and the demonstration of it is the most 
valuable part of Mr. Martell’s paper. 

Condensing his comparison we have : 


One deck vessel with raised 


ne vessel wi 

7ft-high. ee oe 5 245x92x17—6 

Spar deck vessel =... | 245%32x24—-0 
ecks an scantlings bs 

toupperdeck ...  « g*} 2459323 0 


Now here are four types of ship which, if judged 
simply as pieces of naval architecture from a struc- 
tural point of view, the palm of superiority would 
unquestionably be given to ‘the last mentioned, 
The scantlings are much heavier’in her than in 
any of the others, both decks are continuous, the 
stringers heavy and the thick plating carried to the 
top of the structure in the most orthodox way, and 
indeed she is the type of vessel which has recently 
been most favoured as suitable for the heaviest 
work, 

The other vessels, viz., the lighter spar deck and 
awning deck, the poop, or “ well ship,” and in fact 
all others having what may be termed large super- 
structures above the main deck of the ship, have 
come in often for abuse and ridicule, and unfavour- 
able contrast, and not at times without reason. 

Experience, however, is often wiser than the 
keenest critics, and recent years have shown that 
the tale of disaster has clung not to the more or 
less abnormal-looking, broken-decked vessels with 
superstructures, nor to the lightly covered spar or 
awning decked vessel, but to the heavily plated and 
framed “three deck” or ‘ full.scantling” ship unim- 
peachable in point of strength and continuity. 

This fact has been a puzzle to many and it has 
lent weight to the denunciations which have been 
h upon double bottoms and grain cargoes. 
Again, the fact of as many coal-laden as grain-laden 
ships of this type has tended to confirm the pre- 
judice against double bottoms, The calculations 
produced by Mr. Martell show that the losses are 
quite sufficiently accounted for by the instability of 
the vessels arising from their having insufficient 
beam and being too deeply laden, 

Comparing this vessel with the spar-deck ship it 
is shown that most of the extra weight put into both 
hull and cargo is in the upper part of the vessel, 
thus raising a centre of gravity, while being loaded 
2 ft. or 3ft. deeper in the water the metacentre is 
kept down, and the vessel loses the advantage of 
high freeboard for stability and safety. . 

The question which most distinctly and promi- 
nently presents itself to the shipowner when he 
contemplates building, is which type of ship will 
— the greatest amount of cargo, and therefore 
be the most profitable on a given expenditure of 
capital, With the recent deep loading of the 
‘* three-deck” type of vessel she has apparently car- 
ried the advantage, but the case may prove diffe- 
rent when it is understood how serious is the peril 


of filling these vessels to the upper deck with homo- 
geneous cargoes, such as grain or coal, Mr. Mar- 
tell has oo good — to the shipping — 
nity by bringing this point into prominence, an 
ate Ph but Shink it will lead to considerable 
modifications in the prevailing types of cargo 
steamers. ‘ 

The author shows by the results of calculations 
that it is not only a question of beam, but also one 
of freeboard, and indeed that lft. increase of 
freeboard might add more under certain circum- 
stances to the safety than 2 ft. more beam. 

After discussing the various reasons which have 
either soundly or unsoundly tended to keep the 
beam of merchant steamers small, Mr, Martell dwelt 
strongly on the necessity for greater care in the 
stowage of the various cargoes of different specific 
gravity which steamers have to take in. On this 
—_ he observes very properly, ‘‘ No compromise, 

owever, in form or proportions, will insure im- 
munity against laxity of this kind, and unless in 
loading rv those who are in command exercise 
more intelligence as to the question of stability, and 
are guided more by experience, as has been the case 
with sailing ships, similar accidents will recur 
whatever provision may be made to prevent them,” 

An important suggestion was made by Mr. 
Martell with a view to encouraging a safer type of 
cargo steamer, viz., that an allowance should 

e in the tonnage for any portions of the "tween 
deck space not appropriated to the conveyance of 
cargo. This was very well received by the meeting, 
and is likely to be seriously taken up. 

On the question of grain r. Martell was 
7 explicit and instructive. He explained the 
oO regulations adopted in the port of Montreal, 
and the unofficial ones prevailing at New York, 
Philadelphia, Boston, and Baltimore; dwelt on the 
dangers which arise from the present hurried way 
of running bulk grain from elevators without giving 
a chance of trimming it under the stringer plates ; 
the necessity for greater care in loading, for middle 
line shifting extending down to the keelson, 
and for part of the cargo to be stowed in rest- 
ing on boards on top of the bulk grain. e have 
not space at present to do justice to this part of the 
subject, as we must now glance briefly at the dis- 
cussion, 

The first to rise was Mr. Merrifield, who said 
the meeting owed its thanks to Mr. Martell 
for a long, careful, and valuable contribution. 
Mr. Martell had judged rightly in treating the 
subject. elaborately, and if he did not say he 
had done so exhaustively it was because the sub- 
ject was practically inexhaustible. He thought 
a good reason could be assigned for the fact 
of shipmasters being less correctly informed about 
the stability of their vessels now than formerly, 
In old days when our commerce was chiefly carried 
on by sailing ships, it was essential they should be 
so stowed that they could carry sail; but now 
steamers might be loaded without much a to 
their stability, andyet make their voyagessafelyif the 
weather were fine. He was astonished that people 
would willingly lay out many thousands of pounds in 
building a ship, and would grudge the few pounds 
necessary to obtain full information concerning her 
stability. He advocated the spending of more 
money in the drawing offices of our private ship- 
building yards, and thought enough should be known 
about the stability of every ship to indicate what 
was right and what was wrong in loading her. He 
fully concurred in what Mr. li had said as to 
no compromise in form or proportions insuring 
immunity unless in loading these ships those who 
are in command of them exercise more intelligence 
as to the question of stability. He also that 
a great cause of danger was the operation of the 
tonnage laws, which were in a wretched state, and 
practically prevented the shipowner from making his 
ship seaworthy. As an instance of the anomaly of the 
tonnage laws he remarked that it was quite possible 
under them at present to get a ship of considerable 
size with no tonnage w batever. 

In support of Mr. Martell’s reference to the loss 
of the 1. Plata, Mr. MacFarlane Gray e 
facts as they came out before the of ‘Trade 
Court of Inquiry. He said it arose chiefly from the 
engineers and carpenter not being on —— 
terms. The carpenter opened a sluice and 
water without telling the engineers, which forced 
up the engine-room r plates, one of which cut 
through an inch and a half pipe, which admitted 
water enough to sink the ship, and which one of 
those present preferred should remain open to the 








the | owners engaged 


peril of all, rather than allow his cap to be used to 
aa the leak, 
he next speaker was Mr, Scott Russell, who 
addressed the meeting at some length, but with little 
= Mr. Scott Russell labours under the great 
isadvantage that having been given all his life to 
drawing broad generalisations, he cannot drop the 
habit of doing so upon all subjects and all occasions. 
Given a fact or two, few men can so easily and so 
readily construct a theory to fit them as Mr. Scott 
Russell, but having been so long away from active 
business, and unacquainted with the.times, the mis- 
fortune is that the suitable for the present is 
spun out of the facts o — years ago. In this 
case, for instance, he regarded the double bottom, 
now so much in request in cargo steamers, as a great 
source of risk, for besides raising the centre of 
gravity and creating a risk of capsizing, it led to 
rapid decay in the plates, unless the double bottom 
was sufficiently deep to allow a man to | geo inside 
of it, Asa matter of fact, no one would dream in 
the present day of constructing a double bottom that 
was not accessible, so that the objections raised 
on this score were, as we have indicated, beside the 


mark. 

Mr. Scott Russell advocated instead of a double 
bottom, more effectual subdivision into compart- 
ments, and especially the division of the ship into 


be|two portions by a longitudinal bulkhead at the 


e me He gree with Mr. aap ao 
tonnage laws required revision, as they practically 
prevected the adoption of the safest ship of all, that 
with a deck, instead of greatly encouraging the 
construction of ships with large net gnets high 
up. He was quite in favour of water ballast, but it 
should be stowed in a special compartment or small 
hold, with an iron deck, and this compartment 
should be filled _— to the top to gener the water 
from moving and becoming so much shifting 6 

Sir Spencer Robinson, speaking as a sailor, had 
been taught to believe that a double bottom was a 
source of great additional safety to a ship, and that 
water ballast greatly improved the stability of a ship. 
He with Mr, Merrifield that it was very de- 
sirable captains of vessels should be provided with 
the curves of stability, and all other technical details 
connected with their vessels. He agreed with the 
strictures passed upon the to: laws. 

The next speaker was Mr. W. Denny, who bore 
high testimony to the value of Mr. Martell’s paper. 
He concurred with what had fallen from Mr. Merri- 
field as to the necessity for greater re He bar in 
the draughting office, He pointed out that an expen- 
diture of a few hundred ome year would be well 
invested if it supplied information as to the stability 
of all the ships built by any firm. Mr. Denny in this 
matter does not preach what he does not perform. 
His own ane office staff is the largest and best 
organised in the country, and its strength adds much 
to the efficiency and prestige of thefirm. He carries 
out a series of inclining experiments on all the ships 
built by his firm, and by the system adopted he can 
get two inclinations and two upright observations in 
one hour, The inclining experiments are done 
during the dinner hour, so that the workmen are 
not interrupted, and the only cost is that of the few 
men employed for an hour in inclining the ship. 
Having touched upon the facilities which an Kast 
Coast raised quarter-deck type of ship offered for 
regulating the trim with a full cargo, Mr. Denny 
spoke of the question of greater beam raised by Mr. 
tell and other speakers. He said while Mr. 
Martell was advocating greater beam, Lloyd's Rules 
were practically tending to retard an increase of 
beam, for by bringing the breadth, depth, and 
- of the midship section in as a factor not only 
or transverse but also for longitudinal strength, the 
tendency was to unduly increase the weight of the 
ship when the beam was increased. 

. H, Liggins made a few remarks urging that 
ships should be surveyed more often than they are, 
and attributing a great proportion of the losses to 
the fact that ships of the present day are too long 
and narrow, 

Mr. Benett, as a member of a firm of steam ship- 
in the Baltic trade, endorsed Mr, 
8 views a8 to the superiority of water 

carried in a deep tank or compart- 
ment in erence to a double bottom. 

Mr. Ravenhill spoke, as usual, at considerable 
length. He dwelt upon one of the causes of unsea- 
worthiness assigned by Mr. Martell, viz., the break- 

down of He was glad to find that 


Scott Russell 
ballast bein 








d’s attached so much importance to the proper 
sapervision of the machinery of ships, as where 
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this was not attended to, losses were likely to arise. 
He found fault with the stowage of cargo being left 
to the stevedore, who was 7 by the piece, and 
tumbled it in anyhow. e agreed that ev 
captain ought to have possession of full information 
as to the stability of his ship. 

Mr. W. John said it was with extreme rise he 
had heard Mr. Scott Russell express his opinion that 
double bottoms were a source of danger, and tended 
to capsize vessels, At any rate, he was surprised to 
hear him make this assertion without qualification. 
The only possible effect a double bottom could have 
on the stability of a ship was due to the effect it had 
in lifting the cargo. yond this, as Mr. Martell 
had fully explained in his paper, it had no effect 
whatever ; and he was sorry Mr. Scott Russell had 
not modified his condemnation of double bottoms by 
a similar qualification. 

Turning then to the effect of lifting the cargo, 
Mr. John explained that at the oo time the 
floors of an ordinary vessel would be 2 ft. deep, 
and making allowance for dunnage the real lifting 
of the cargo would be less than 1 ft. He con- 
trasted the state of a merchant steamer with an 
ironclad ship, which had to carry her principal 
weights of armour and guns above the water, while 
the principal weights of a cargo steamer were 
much lower down in the hold, and argued that 
ironclads could be and were made safe in spite 
of having their weights so much higher than mer- 
chant ships, and that the latter could be made ab- 
solutely safe by greater beam and greater freeboard. 
He quite agreed with Mr. Merrifield and other 
speakers that more calculations as to the stability 
of merchant ships were required, but pointed out 
that elaborate calculations for all ships were not 
wanted, for so many of them were alike. What was 
wanted was complete sets of calculations for different 
types, which should be made as public as possible. 
Speaking of deep-water ballast tanks, he said there 


wero juts in their favour, but much might 
be sai inst them. To obtain a definite 
amount of stability, much more water must 


be carried in a vertical tank or small hold than 
would be uired in a double bottom; and 
these large ve tanks were very difficult to 
keep tight, and t 7 were a source of danger when 
they were weak. He knew of instances where they 
had been taken out of the ship as intolerable 
nuisances. Replying to Mr. Denny's remarks on 
Lloyd's Rules he observed that the quarrel was an 
old one, which had now extended over some years. He 
intimated that Mr. Denny ap to have come 
round somewhat from the position taken in former 
years, and that the difference now was one of degree 
rather than of principle, and assured the meeting 
that the Committee of Lloyd's Register would be 
the last to desire that their rules should restrict the 
improvement of shipbuilding. 

aptain Symington followed next, and speaking 
as a merchant captain, explained the difficulties 
which arose where they had to load the cargo as it 
came down to the ship pell-mell, sometimes iron 
upon cotton, then cotton upon iron, and so on ; and 
he said they had often no time to see after the 
stability of the ship, as they were hurried out of 
port before they could get their hatches on. He 
also complained of captains not being able to get 
plans of their ships, and said that in a ship he com- 
manded there were eighteen openings below water, 
but he could not get from the builders any plan of 
them. 

Mr. Henry H. West said one important cause of 
loss was the want of sufficient steam power in many 
cargo vessels. He also thought that it was the duty 
of an owner, if his ship would be too tender with a 
full homogeneous cargo, to leave some of it out, and 
fill his water-ballast tanks. 

Mr. Fenning, speaking as an underwriter, said 
that the whole question was one of money. He held 
that underwriters should resist the payment of 
claims on ships that were unfit for the work they had 
been put to do. 

Mr, G. Duncan, a shipowner, said the discussion 
had turned too much on grain cargoes, as if all ships 
were built for this particular trade, whereas if formed 
but a part, although an important part of the carry- 


trade. 
“i thought pre es were oftener stowed too low 
than too high, and gave an amusing account of his t 


own a at sea in ships that had this fault 
ed 


and rolled fearfully. He thought both sides of the 
question should be considered. He was surprised 
to hear Mr. Scott Russell speak against double 


to introduce them. At least he had introduced 4 
double bottom in the Great Eastern. He thought 
all ships should be covered over with a spar or 
awning deck. 

Mr. Norman Scott Russell made a few remarks on 
the relative advantages of water ballast and deep 
tanks, and in double bottoms, and then Lord 
Hempton before calling upon Mr. Martell to reply, 
made some extremely complimentary remarks on 
the value of the paper, and the interesting nature 
of the discussion. Mr, Martell then offered a few 
remarks in reply and thanked the meeting for the 
hearty reception they had given to his paper, and 
for the fulness with which it had been discussed. 

This closed the Wednesday’s proceedings, and we 
must reserve our notice of the Thursday and 
Friday’s meetings until next week. 





MINERAL TANNING. 

WE have lately had forwarded to us by Messrs. 
Wirth and Co., of Frankfort-on-Maine, several 
specimens of leather prepared by a process of 
mineral tanning invented by Dr. Heinzerling, which 
appears to possess some valuable properties. The 
process is not exactly a new one, it having been in 
use on the Continent for some years with very good 
results ; but so far as we are aware it is little known 
here, The idea of treating leather with mineral 
substances in place of oak bark dates back many 
years, a patent for a process of this kind having 
been obtained as early as 1855. In this pro- 
cess iron salts were used, but no practically 
successful results could be obtained with it, it 
being found that the iron salts attacked the leather 
fibre, destroying its durability. The addition of 
chrome greatly improved the process, but the chrome 
and iron salts became partly dissolved by moisture, 
and it was found necessary to protect, by an abso- 
lutely non-soluble coating, the Fores of the leather. 
This end was at last attained by producing an iron 
and chrome soap, and it is by the use of this mate- 
rial that the specimens forwarded to us by Messrs. 
Wirth have been oe apap the details of the pro- 
cess, however, not being explained. 

The specimens have the appearance of ordinary 
leather, but are somewhat lighter than bark-tanned 
hides. Some experiments have been made to test 
the value of the products of the process under notice 
and the results are very cstialeshery, The tensile 
breaking strength of several specimens was found 
to average 4550 Ib. per square inch, which is about 
equal to that of good bark-tanned leather, while the 
new leather showed a remarkable resistance to the 
absorption of water. Specimens of good oak-tanned 
and mineral-tanned leather were placed in water for 
35 minutes, when the former was found to have in- 
creased in weight as much as 24.7 per cent. by the 
absorption of moisture while the latter had not 
alteredin weight. After the immersion had lasted 
16 hours the oak-tanned leather had increased in 
weight 37 per cent. and the mineral-tanned 5.2 per 
cent, only ; while on the immersion being extended 
to four days the increase of weight of the oak- 
tanned leather was still 37 per cent, (showing that 
it had been completely saturated by the 16 hours’ 
immersion) and that of the mineral-tanned but 9.5 
percent, This great resistance to the absorption 
of water offered by the new leather formed at first 
an obstacle to carrying out the fulling process, but it 
was soon found that when treated with fat and warm 
water, the leather could be easily fulled, while it 
will remain clastic and retain its softness much 
longer than ordinary leather. Itis stated that the 
cost of the mineral tanning material is but from one- 
fourth to one-fifth that of tanning bark, while the 
cost of preparing a given weight of leather by the 
mineral b posns is from 20 to 26 per cent. less than 
by the old system, The timerequired is also stated to 
be but one-seventh of that required for oak-tanning, 
so that the number of tanning pits, &c., required 
for a given output is very greatly reduced. 





Emery Grinpine Macuinery.— We notice that 
Messrs. Thomson, Sterne, and Co., of Glasgow, have just 
issued a price list of their emery grinding machinery, 
which deserves a word of praise for the exceptionally neat 
manner in which it has been got up. The list forms a 
little i in. by in bp d contains 

respecting the weight and 





bottoms, because he understood him to be the first 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLEsBROUGH, Wednesday. 
The Cleveland Iron Trade.— Yesterday there was a very 
he pp on ’Change at Middlesbrough, bat it was 
it to ascertain whether any business was being done. 
People talked of little else than politics. Messrs. Connal 
and Co., the warrant storekeepers of Middlesbrough, had 
reduced their stock to 100,231 tons, and it was ascertained 
that at Glasgow they were also reducing their stock. The 
prices of pig iron were easier than they were the previous 
ne being based on 53s. per ton being paid for No. 3. 


furnace owners were not willing to book ord 

pss jog as they are fairly well sold forward. Deliveries 
are not so rapid as they should be considering that there are 
108 blast furnaces. Shipments are brisk, and often vessels 
are delayed for cargoes. 

The Finished Iron Trade.—There is nothing new in the 
—— trade, and prices are the same as those of last 
week, 


Iron Works for Sale.—Yesterday atthe Exchange, Mid- 
dlesbrough, Mr. Willman, auctioneer, offered for sale the 
Rosedale and Ferryhill Iron Works, eeeietingten Colliery, 
Thrislington Farm, and other bnildings. Imperial 
Tron Works, South Bank, Middlesbrough, were also offered 
for sale by auction, but in neither case was there a bid, and 
consequently there was no sale. 

po sear and Engineering.—Both these important 
branches of eee 1 hy exceedingly active on the northern 
rivers. Some of shipyards have orders on hand which 
will keep them fully occupied for the whole of the year. 

The Coal and Coke Trades.—All kinds of fuel are in 
ee request. There is a much better demand for calcining 








NOTES FROM THE SOUTH-WEST. 

Landore Steel Works.—Considerable activity has been 
— at these works = _ — me ag 

urnace Company, Landore, through their manager, Mr. E. 
Hampton, late of Stockton-on-Tees, have blown in No, 2 
furnace, which turned out during the last week 500 tons 
of Nos. 1 and 2 Bessemer iron of excellent quality. Moulders 
are also engaged on the pig bed making castings for the 
steel works onene from 15 ewt. to any reasonable 
weight in plates, bottoms, &., a large amount of which 
is intended to be made. -There are 85 coke ovens con- 
nected with these works, most of which are in full operation. 
Furnace No. 1 will be. blown in this week, when in combi- 
nation with No. 2 it is estimated that from 900 to 1000 tons 
can be turned out weekly. 


Llanelly.—On Tuesday, the Llangennech Coal Compan 
successfully accomplished the sinking of their large shaft 
to the celebra‘ 4 ft. vein, which proves of excellent 
quality. Powerful machinery, capable of dealing with a 
large output, is to be put down. 

Newport.— Great activity prevails in the shipment of iron 
here. A fine iron clipper ship, the Yarra-Yarra, has 
arrived to load rails for Australia. She will be followed 
by the Cambrian Prince, of 1700 tons, for the same 
destination. The steamers Manzaleh and Sam Weller have 
been chartered to load rails for India. In addition to 
steamers which have taken rails to Natal and the Brazils, 
others are expected to follow on the same account. The 
French ship, Fénélon, has been chartered to load rails for 
Corinto, in the North Pacific. Apart from a large trade 
in rails, spiegel, and pig-iron for the United States, there 
is an extensive business doing in rails for various distant 
ports. The Plymouth, Captain Lawrence, has arrived 
from Penarth Dock to | rails from the Ebbw Vale 
Company for New York, and will carry out about 2000 
tons. Four Norwegian ships have arrived to load iron for 
the United States. American freights for rails are lower, 
but there is a demand for pig-iron. The coal trade has 
been brisk, and Tig have had to pay demurrage—a 
sure ye angen th docks have been greatly pressed 
to find ing room for vessels arriving with iron ore. 
There is ‘a t necessity for preg nd the Alexandra 
Dock. The Ebbw Vale Company has obliged to send 
steamers to Cardiff with iron ore, because berthing room 
could not be had here. 


Salisbury.—An official inquiry was held on Tuesday, by 
Captain Hildyard, Local Government Inspector, as to the 
expediency co the Town Council compulsorily 
to acquire for the formation of a sewage farm; Mr. 
Jervoise, the owner of property adjoining the present 
drainage outfall, having taken steps to prevent the flow of 
sewage into his river under the Rivers Pollution Act. It 
was stated that the total cost of purchase, and the erection 
The insposto mid he would —) the eto the 

@ i r sai wo on subj e 
Local Government Board. 

Cardif.—The demand for coal at this port during the 

was , and prices showed little alteration. 

eee eres teen toon bebe seed ereeae wekiy 

sent foreignwise A » buta average weekly 

clearance was made, viz., 98,065 tons. The iron exports 

last week were also less by 1776 tons, the total being 3651 

tons. Patent fuel orders are weekly i ing. The 
quantity of iron ore imported last week was 14,446 tons. 

Bristol Tramways Company, Limited.—The_half- 

ing of this company was held on Thurs- 
The i said as 
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that a start would be made with the Hotwell’s line next 
week. The Horfield line would be with imme- 
diately after the other was finished. The steel rails, 
bought for the whole of the authorised extensions at 
6l. 15s. per ton, delivered in Bristol, when such rails were 
cheap, would be a gain to the capital account of 25001. In 
answer to a shareholder, Mr. C. H. Low said the directors 
fully hoped to be able to introduce steam as a motive power 
on the Horfield branch simultaneously with its opening. 
They had obtained the consent of the Corporation and the 
Board of Trade, and it only remained for them to obtain 
the best kind of engine. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—There was a firmer market 

last Thursday, and prices improved to the extent of 10d. 

ton, but the close was less strong, and the quotations 
Pnally showed only 5d. of advance. Business was done 
during the forenoon at from 56s. 10}d. to 57s. 7d. cash, 
and closed with sellers at 57s. 7}d. cash and 58s. 14d. one 
month, and buyers near. Prices receded in the afternoon 
from 57s. 74d. to 57s. 3d. cash, and from 58s. to 57s. 74d. 
one month, sellers at the close asking 57s. 3d. and 57s. 6d. 
cash and one month respectively, and buyers offering 14d. 
less per ton. The warrant market was again stronger at 
the opening on ee and prices advanced to the extent 
of 1s. over those of the previous day, and 1s. 9d. over the 
lowest prices paid during the week, although they still re- 
mained 10}$d. under the closing figures of the preceding 
Friday. There were transactions ry ye morning at 
from 57s. 6d. to 58s. 6d. cash, and at 57s. 9d. to 58s. 9d. one 
month, the market closing with buyers at 58s. 6d. cash and 
58s. 10jd. one month, and sellers near. In the afternoon 
the quotations ranged from 58s. 6d. to 57s. 10$d. cash, and 
at the close there were buyers at 58s. 14d. cash, and sellers at 
14d. over that sum. Monday’s market was backward, and 
the closing prices showed a decline of 1s. 6d. Business was 
done during the forenoon at from 58s. to 57s. cash, and 
from 58s. 6d. to 57s. 44d. one month, and closed with 
buyers at 57s. cash and 57s. 4$d. one month, and sellers 
asking 14d. per ton more. The quotations in the 
afternoon from 57s. to 56s. 7d. cash, and at the'close of the 
market there were buyers at 56s. 74d. cash and 56s. 9d. one 
month, and sellers wanting 14d. more. The market opened 
this forenoon quiet, with sales done at 56s. 9d. to . 6d. 
cash, and at 57s. 14d. down to 56s. 9d. one month, 
closing still sellers at the lowest point. The afternoon 
market was flat. Opening at 56s. 3d. cash in ten days 
and 56s. 3d. 
cash, at which a considerable business was done, closing 
with 56s. cash again paid, but sellers over. A 
amount of business was done daily during last week, 
but any apparent improvement in the market was in 
a large measure due to the covering of “‘bear’’ sales. It 
seems, however, that many bond fide investors are now be- 
ginning to buy, being induced to do so, doubtless, by the 
expectation that after such a ay | fall in prices there will 
be a rapid rally. The results of the extensive business 
done on American account during the month of January 
are now visible in the large shipping returns published from 
week to week. Several rumours have lately been spread 
as to the revival of the American demand, but the full 
extent of the truth seems to be that some small orders 
from Canada have been received and that several inquiries 
have come from the States. The prices indicated, however, 
in the inquiries as likely to lead to business are euch that 
it is impossible for sellers on this side to entertain the 
overtures. It seems that the heavy purchases recently 
made by American importers, and now arriving at United 
States ports, are preventing a renewal of orders from the 
other side ; and it remains to be seen whether or not, after 
these lots have been absorbed, the orders will come on 
again. No doubt, on that side as well as on this, a number 
of weak parties have bdught pig iron who, not being able 
to take up their purchases, are obliged to force the sales 
and thus intensify the fall. The Continental demand has 
been a little better during the past week, but the extent of 
the orders continues to be far from satisfi Makers’ 
iron has been quiet, and several reductions in price have 
been made during oe ee week or ten days. Hematite 
pig iron is a little steadier, and may nominally be quoted 
at 100s. For home consumption pe gra Baan 8 pig con- 
tinues in good demand, for the present taking the ~ of 
Middlesbrough iron. The s of pig iron in Messrs. 
Connal and Co.’s public warrant stores at the end of last 
week stood at 440,325 tons, showing a decrease for the 
week of 2117 tons. Last week’s shipments from all Scotch 
ports amounted to 20,987 tons, as against 11,167 tons in 
the corresponding week of last year. The number of blast 
furnaces now in operation is 114, as compared with 89 at 
the same time last year. 

Manufactured Iron Trade.—This branch of trade still 
keeps very active, so far as the works are concerned, but 
new orders are scarce, and in some instances a reduction of 
10s. per ton is announced. 


Royal Scottish Society of Arts.—On Monday night this 
Society held the ninth meeting of its present session—Mr. 
George Blanshard, President, in the chair. After the 
reports of the committees on Mr. Ivison MacAdam’s 
paper, “* On the Chemical Composition of Boiler Incrusta- 

n,’’ and Mr. Shiel’s “‘ Improved Patent Carriage Axle,” 
had been read, Mr. Warren submitted a paper on an im- 
proved instrument for preventing tramway guards and 
others from appearing their be vs aed money to their 
own uses. Mr. James Douglas 
provement of the safety 


an aceount of his im- 
lamp, and a was also read 
by Mr. James Hope on Spence’ 


he illustrated 


with a number of interesting 


one month, the price receded to 55s. 9d. | of 
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was held last week, Mr. M‘Currick, C.E., Vice-President, | and North-Eastern Rail of British South Africa in 
in the chair. Mr. David Johnstone an in ing | 1879 was 184,8691. The len of line in saeviinnn ape 

on ‘‘ The Origin of Force,” and Mr. Willox, M.A., | the system at the close of 1879 was 314 miles. In the year 


pa 
O-E., read @ very comprehensive paper on “‘ Recent Pro- 
gress in Electric Lighting.”” The discussion on the last- 
named paper was adjourned till next meeting 
Philosophical Society of Glasgow.— At last week’s meet- 
ing of this Society, Dr. Andrew Fergus, President, in the 
chair, Dr. James Adams reada on ‘‘ Improvements in 
Gas Stoves,”’ in connexion with which he showed in operation 
a heating stove of his own invention, in which there were 
demonstrated to be combined many features of excellence. 


ending June 30, 1879, the ratio of the working expenses to 
the traffic receipts upon the system was 75 per cent. The 
net profit realised upon all the Government railways of 
British South Africa in the twelve months ending June 30, 
1879, was 70,6011. 


_ The Suez Canal.—The Suez Canal Com; is about to 
issue bonds for the nominal amount of 300, for the 
purpose of executing improvements in the canal in accord- 
ance ort a convention concluded in January, 1877, with 


paling seg pang arose, ae ni which | the Government. 

F-B.S.E., and Mr. G, W. Murr. The’ Chemieal Section a cusirian Steam Navigation.—The revenne of the 
the same Society held an ordi meeting last night, when | Atstrian Lloyd's fell off last door. The profits of the 
Dr. James R. M: Robertson @ paper on “ Sarawak, twelve months amounted to 250, hl but the State sub- 
Borneo, and its Deposits of Antimony, Arsenic, and vention figured in this sum for 165,0001. 


Mercury,”’ in the course of which he detailed a great 
amount of information acquired as a mineral explorer of 
that region during two visits which he has made to it, 


The Stobcross Dock, Glasgow.—On Saturday last there 
was laid by the Lord Provost of Glasgow the last copestone 
<4 en M rewete yo there. pepe panes is inscribed * . 
sho ry of the progress undertaking, and wit 
the names of the Trustees of the Clyde Navigation and their 
engineers and contractors for the work, the chief of the 
former being Mr. James Deas, under whose superintendence 
the entire work was carried ont. The Queen’s Dock is t 
first wet dock of any size or importance that has been con- 
structed at G w, the two of the river having 
hitherto afforded sufficient nayage for the shipping of the 
port. The ground in which the dock is male is almost 
—— alluvial, and the walls are founded on concrete 
cylinders sunk in the sand or gravel, after a system intro- 
duced by Mr. Milroy, of Messrs Brassey and Co., on the 
opposite side of the river. There is in the new dock 3342 
yards of quay wall, and quay and water space to the extent 
of 61 acres. The money spent by the trustees on account 
of the dock is 1,600,000. since 1870, in which the work 
was authorised. In 1872 the first section of works in- 
cluding entrance was commenced by the late Mr. T. S. 
Hunter, and finished in September, 1870, when the dock 
was formally opened and brought into use. The 
middle section was commenced in the spring of 1876 and 
finished in the spring of 1879 by Mr. John Morrison, of 
Glasgow. The eastern section, which comprises about half 
the quayage of the dock, was com: on Saturday, as 
stated, the contractor for this section, Mr. John J. mn, 
Westminster, having completed this latter half in about 
three years, a very short time for such an‘undertaking, the 
effecting of which necessitated working night shifts with 
the aid of Gramme’s machine for electric lighting and the 
use ra as much plant as could be conveniently placed on the 
work, 


FOREIGN AND COLONIAL NOTES, 

Victorian Gold Mining.—The approximate value of 
mining plant in Victoria at the close of September, 1879, 
was 1,908,8271. The number of square miles of auriferous 

und actually worked upon was 1182, and the number of 
Tistinet quartz reef proved to be auriferous was 3561. 
The deepest mining shaft in the colony is the Magdala, at 
Stawell, which is sunk 2225 ft., and there are sixteen others 
down to varying from 1018 ft. te 1940 ft., the latter 
being the Newington, at Stawell. 

New Mexican Railway.—The Mexican Government has 
authorised the State Government of Colima to construct a 
broad gauge {line from the port of illa to Colima, 
a distance of 90 miles. The Federal Government will pay 
a subsidy of 12,875 dols. per mile, guaranteed by the im- 
port duties. The Government will mn by subsidy as soon 
as each mile is completed. The tim for the sleepers 
and other uses may be cut free of c , and all articles 
imported for the line will be free of duty. The route, 
which is nearly level, was surveyed by Rosecrans. 

Dutch Iron Minerals.—An important discovery of iron 
minerals of excellent quality has been made at Dalem, in 
the province of Drente (Holland). The minerals, so far as 
they have been worked, have realised high prices in Ger- 
many. 

Steel Rails in the United States.—The uction of 
steel rails in the United States in 1867 was 2277 tons, and 
the average price was 166 dols. per ton. In 1872 the pro- 
duction had increased to 83,991 tons, and the a’ price 
had declined to 112 dols. per ton. In 1877 the uction 
had further expanded to 385,269 tons, while the average 

ice receded to the still lower level of 454 apt a ton. 

1879 the production again increased to 606,397 tons ; 
the average price stood at 48} dols. per ton. 

Street Cleansing at New York.—New York is trying to 
organise a new ing the streets similar to 
that employed in Philadelp letting the work out to 
contractors by districts, instead of having the work done 
by employés of the = The ¢ annual cost 
mile of ing the s' in various cities is retu as 
follows: London, 252l.; Liverpool, 2581.; Manchester, 
2571.; New York, 6101. ; Boston, 195/. ; Philadelphia, 907. ; 
This is a very bad eee ny New Y. , the streets of 
which are also notoriously ° 

The Electric Light in Indiana.—A contract for a 10,000 
candle-power electric light, to be placed in the dome of the 
County Court House, Wabash, Indiana, and intended to 
light that city, has been let to the Brush Electric Light 
Company, of Cleveland, Ohio, for 1800 dols. The 

ovides that, should the light prove f 
the city shall be at no e . guarantee for a perfect 








Institution of Engineers and Shipbuilders.—An ordi- 
nary meeting of the Graduates’ Section of this Institution 


of 








light has been given by the company. 
South African Railways,—The revenue of the Midland 





Genoa.—A good deal of money is to be spent on harbour 
improvements at Genoa. In many respects that port 
sustains now a successful competition with illes, and 
great efforts are being made to in the ancient repute in 
which Genoa was held when the Mediterranean ports were 
powerfal competitors in the trade with Transatlantic 
countries. The Rufattino line of steamers maintain a bi- 
monthly service between Genoa and Bombay, and also a 
monthly service to Singapore, China, and Java. 


A Fast Voyage.—The steamship Orient (Captain Stud- 


he | dart), of the Orient Line, completed her first vesage, So 
elaide, 


Hobson’s Bay, 


to A 

without allowing for detentions at St. Vincent and Cape 
Town, was made in 38 days 14} hours, and the steaming 
time at sea was 35 days 20 hours. The best day’s work on 


the voyage was 361 knots, and the least 270 knots 


South African Telegraphy.—Fort Beaufort, which is 
now in direct communication with the African submarine 
cable, is to have a second line to Natal for through messages, 
as the present line touches at too many stations. Mr. Sive- 
wright has selected the arti barracks as offices for the 
receipt and transmission of general messages, and for the 
accommodation of the telegraph clerks. 


Western Union Telegraph poner Pk Pd company has 
aples anyon of elostelelty f telegraphs aa = 
new source of supply or ic 
is a number of Siemens machines connected a series, the 
field magnets of which are excited by a single Siemens 
d. ic machine. In 1873 the Western Union Tele- 
graph Com; sent 14,456,832 ro at a cost of 
575,055 . In 1879 they sent 23,070,106 messages, at a 
cost of 6,160,200 dols., considerably less than the first sum, 
while the number of messages was nearlydouble. In18 9 
the cost of battery per mile was1.17 dols. By the adoption 
of improved forms of battery, and b: i An other im- 
provements, the company have red this sum year by 
year, until, in 1879, the cost of battery per mile of wire 
was only 0.34 dols.: and now, although this is a high 
economy, the present cost of supplying the electric current 
is to be reduced 50 per cent. by dispensing with batteries 
and using machines. 


Canadian Railways.—The Montreal and Champlain 
Junction Railway been i with a capital of 
100,000 dols. A survey of the line has been ordered. 
Bill to a the Sault Ste. Marie Railway Company 
ae ee build a line from Sault Ste. Marie to a point 
near e Nipissing, and thence to Gravenhurst, has passed 
the Railway Committee of the Ontario Legislature. 

Steamboats on the Hudson.—The Peoples Line has 
ordered the reconstruction*of its boat, the St. John, the 
lo: on the Hudson. She will be thoroughly rebuilt, in 
hull and engine, John lis and Son doing the woodwork, 
and the Peoples Iron Works doing the machinery. But 
the great sensation of the spring, among Hudson River 
men, will be the début of the iron steamer Al’ » Te- 
cently launched at Wilmington, Delaware, and which is 
daily from the bui , the Harlan and Hollings- 
worth Company, to receive her machi » Which is now in 

iness, from the works of Messrs. Fletcher and Harrison. 
She is 295 ft. in extreme , or the same dimensions as 
her consort, the Chauneey Vibberd, both of the day line. 
All the frames and , also the guard rails, are of 
inensomaioh, sollauas te heh societies evaioeanine 
» 80 com ve 

value as to durability of the two pve sows ty 

Central American Telegraphy.—The Central and South 
American Cable Company, whic: has been incorporated 
under the law of New York, proposes to establish a tele- 
graph line from Texas across the Isthmus of Tehuantepec 
and along the western coast of Central America. It asks 
the United States Government to aid in the 
and to grant a subsidy in the form of a coutract for 

Government messages. 
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PASSENGER FERRY STEAMERS. 
Twenty Minutes yy 4: Passenger Steamers on the 


By Joun R. Raven niLu, Member of Council. 


Tue following paper was prepared for our last annual 
session, but wn from circumstances bey »nd my control, 


and ali h a paper has been read during the 


Institution of Civil Engineers on “ Pas- 
senger Vessels of the Thames, Mersey, and Clyde,” and in the 
discussion that ensued reference was doubtless made to some 
Comes Shee upon, I have left my paper as originally 


offer no a y for bringing the subj 


ject 
u your notice, feeling, as I do, that some information 


steam navigation the marine engine factories and shipbuild- 





On August 25, 1828, Messrs. Barnes and Miller, stsam 
engine manufacturers, of Glass House Fields, Ratcliffe, | the day. and four years later, the 29th of J 
placed the Sophia Jane on the station, with an engine of 
wer on board, and the following season saw the 
first vessels of the Gravesend and Milton Steam Boat Com- 
pany running, the Kent, the Pearl, and the Essex, and com. 
petition was sternly continued. 

ear 1830 witnessed the opening of St. Katherine's 
, and on April 9 the Harlequin steam packet left on an 
excursion trip t. the Nore and back with 
board, the first excursion trip I find on record. The old 
Gravesend company immediately availed themselves of this 


constructed in 1736—but the necessities of the public carried 
] uly, 1834, the 
Town Pier was opened with great éclat, the Star landing 500 
passengers from London, and subsequently, in conjunction 
with the Comet, making an excursion down the river. Oa 
the following morning the latter came alongside and embarked 
Epee or London. The Star Steam Packet Company 
been formed during the previous autumn, and w 
soon afterwards, the Terrace Pier was opened, the vessels of 
company were removed there. 
In the year 1840 the Brunswick Wharf, in connexion with 
the Blackwall Railway, was opened as a landing-place for 





wharf, ani the rival company a few weeks later 
access to Fresh Wharf, and passengers ceased 
embark in watermen’s wherries. 
Rll em ee eee cspanenetien ob evant pesdoned 
A stran ing up or at present | a very unfavou' impression, 
ly days of river i ts at once took ste 
ould bake that in the early da and iababitan k 





Pp gers, and the numbers to and fro to Gravesend in that 

year reached 812,854, and for the three following years the 

average exceeded 1,000,000 per annum—one million and 

three-quarters being the highest numbers ever subsequently 
in one season. 

The steam packets on the station belonged to five compa- 





efforts for a time were defeated 


the strenuous opposition 








nies, who owned 19 vessels between them : 
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passengers. The traffic was carried on by sailing boats, 


called tilt boats, and the last of these did not disappear until 
some twenty = after steamers were first placed on the 
of Yo i 


The extension of the traffic appears to have first attracted 
the attention of steam shipowners and others some sixty-five 
years ago, anda le-wheel steamer commenced runnin, 
on January 23, 1815, the Margery, of 70 tons burthen aa 
14 horse power. She appears to have made the passage 


following year, the Sons of Commerce, of 80 tons burthen, 
with an engine of 20 horse power. The service became a daily 
ove and both vessels ran on Sundays, and in 1821 the 
carried 27,291 passengers; these figures \rose rapidly, om 
in 1825, 71,469 passengers are recorded to have travelled by 


formed ly, Observing this great 
growth in the traffic, partly due to the improvements made 
at the Town Quay, placed some of their vessels on the station, 















































its banks took a very prominent lead, and that 
and Margate stations were in fact the nurseries 
emanated the light draught water vessels first 
Rhine, the the Soane, the Seine, the 
va, and subsequently on the Volga and Danube 
oe Indian nee 3 am eee were also 

packets employed in hannel passenger 
packet service—a class of vessel which may be said 
culminated in the present well-known Holyhead 


the early date of the Norman Conquest, 
portant position connected with the port of 
water passage between them, or, in other 
that portion of the River Thames, was known as the 
Long Ferry, and was a great highway for merchandise and 















































Vessels. 
The Diamond Company... 5 
» StarCompany ...__... 5 
» Blackwall Railway Company 3 
» Thames Company ... eco 2 
» Eagle Company 2 


(See Appendix A.) 

With such a passenger traffic to deal with, I need scarcely 
remark that competition ran high to secure the confidence 
and patronage of the public. : 

The bulls of all the earlier vessels employed on the station 
were constructed of wood, but from the time iron was intro- 
duced as a material for shipbuilding t rivalry as to the 
merits of the two materials had existed, and no stronger evi- 
dence can be required than my, drawing attention to the 
challenge emanating from the captain of the Ruby, one of the 
Diamond Company's vessels, the fastest of the wooden fleet 
then running on the station, to the captain of the Rainbow, a 
new iron vessel brought round from the Clyde by the General 
Steam Navigation Company, and was an offer to run from 
London to Margate and back for 209 guineas, the challenge 
being concluded in these words: “There are plenty of 
builders and engineers on the Thames who will equip a good 
timber-built steamer to beat and be much stronger than any 
of the new-fangled iron steamers.” 

An accident, however, happened shortly afterwards that so 
clearly demonstrated the advantages of iron as the material 
for the future, that only a very few wooden vessels, on the 
diagonal system, were subsequently laid down for passenger 
river traffic. The Prince of Wales had been built of iron for 
the Margate Steam Packet Company, by Miller, Revenbill, 
and Co. (designed by Edward Pasco), at Blackwall, in 1843, 
of the dimensions given in the subjoined Table. 

At the time of launching, as the vessel was sliding down 
the ways, the cleet on the bow gave way, in consequence cf 
the bolts breaking, and let the vessel down so that the bilge 
came in contact with the wharf. The steam tug lying off in 
readiness to tow the hull into the East India Docks was in- 











Length be- in 
tween Perpen-| Breadth. —— 
diculars. old. 





























greatrivairy was created with the usual reduction of 














again and again; ultimately the vessel was forced off by 





= —— Diameter of| Length of - — vw 
Wheels. Cyiinder. Stroke. Nominal. a0) 
ee ft. in. i 
Coma 46 3.66 136 12.75 
the Royal George, 


mediately attached to her, and subsequently the City of Can- 

terbury, commanded by be ood Large, eanagion ~ 
Co i ol 

Herne se mpany, gave services, ’,, 


the towing hawsers to be snapped 
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-jacks and two tug vessels, cutting her way deeper into 
the comerete and d of the wharf until she assumed the 


ition represented ; at that period the mea- 
Posed from the face of the wharf to the point of contact of the 
vessel with the surface of the water, was 110 ft. During the 
of this —_ a, ome was ae —— to 
to prevent, if possi e receding tide from pro- 
Sues owl effect on her forebody. The whole of the deck 
in the centre of the vessel was left unfastened for the recep- 
tion of the machinery ; when completely afloat it was found 
that the shear of the vessel was not broken, and that she had 
received no injury except that the bow was twisted, in con- 
sequence of the tow-rope having been let go accidentally by 
the tug, and thus exposing the vessel for a few minutes to 
the sweep of a strong ebb tide. 

On examination it was found that three of her frames were 
broken, and one of the plates cracked, occasioning a consider- 
able leak, which was accompanied by no other inconvenience 
than that of filling the bow compartment as far as the first 
bulkhead, and after hauling the vessel into dock, the neces- 

repairs were effected in four days. 
the Prince of Wales ran for the Margate Steam Packet 
Company for some seasons, and then became the property of 
the General Steam Navigation Company, and after being 
fitted with new boilers and feathering wheels, the Prince re- 
mained a favourite vessel on the station for upwards of thirty 


é 


ears. 
. In addition to the accident above narrated being an inci- 
dent in shipbuilding, it had considerable influence with the 
late Robert Steph in proposing the Britannia and 
Conway tubular bridges, and gave him considerable confidence 
in carrying them out. 

But to return to the Gravesend station. After running 
their own vessels for some seasons the Blackwall Railway 
Company withdrew them from the station, and entered into 
an arrangement with the Star Company to run from the 
| atm Wharf, Blackwall, in conjunction with their 
trains to and fro from Fenchurch-street, and the vessels, all 
engined by Miller, Ravenhill, and Co., were as follows : 





the N and and t] 
pompne ymph, Elfin, Oread, subsequently 


by the 








Dimensions of the Woolwich Steam Packet Company’s 
Steamers. 
Length Gross Horse 
Name of Vessel. io Breadth.| Depth. is Power, 
. gistered, |Nominal. 
ft. in. | ft, in. | ft. in, 
Nymph 123 6 14 (5 6 9 88 36 
Elfin 148 2 13 9 7 9 109 50 
Oread 151 6 14 (9 2... 103 50 
Metis 141 0 16 3 6 8 94 40 
Doris 130 4) 17 6 6 78 40 




















As you will remember, the service was extended to Sheer- 
ness, and the old rivals—the Woolwich and the Watermen’s 
Companies—were ama) . This new joint ee 
1865 became the owners of the first saloon steam packets that 
were placed on the Thames, having purchased them in the 
Clyde. On this latter river the original Iona was the first 
steamer, I believe, built on this principle that attracted the 
attention of the public, and she became a favourite with 
them ; others followed with similar results, and in the year 
1865 two vessels of this description were built by Mesers. L. 
Smit and Zoon, at the Kinderd k in Holland, from a design 
furnished by Mr. T. C. Hide, of London—an Associate of this 
Institution—fitted with engines of 140 horse power by 
Ravenhill, Salkeld, and Co., for the Prusso-Rhenish and 
Lower ard Middle Rhine Steam Navigation Compani 

These proved such a success that two more of somewhat 
larger dimensions were laid down in 1870, all the above-named 
parties peng nanane in their construction. 

The two first performed the distance between Cologne and 
Mayence in 11 hours 50 minutes, the larger ones in half an 
hour less, being capable of carrying, each of them, 1000 pas- 
sengers; they were constantly employed in the conveyance of 
troops and stores by the Prussian Government during the 
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to the same company, built and e by Miller, Ra 
and Co.,in the year 1846, of the fo! paler’ dimensions : 


























be- Horse 
tween P. Breadth. | Depth. | Burthenin| power, 
x pi, | Tons Oak. | EOmeE 
ft. ft, ft. 
175 19 9 81433 100 
She left London for Rotterdam in the month of August, with 


pln ie ladies and gentlemen on board, was caught in a 
of wind off Harwich, and was for some hours in a most 


critical position; the ironwork of the hull be; to buckle 
and strain—the woodwork about her decks strained-— 
and it became necessary for the crew and rs to avail 
themselves of everything that was on board could be 


made into a shore—the engine-room through its entire length 
being heavilyshored. At the end of a very trying voyage she 
arrived as her destination, but the straining of had 
been such that its form had become distorted, and the 
subsequently obtained by her on her station on the Rhi 
was eg ee her trials in the Thames, 

t was to the well-known Gravesend packet Meteor, 
in the y mag ed 1854 (I we ; ta org a back 
passage from ona and foggy night, a 
steamer came into collision with her, cutting her aE. 5 
in two. Fortunately no lives were lost. 

In the year 1854, Messrs. Caird, of Greenock, had built 
two saloon vessels to ply between Wemyss Bay and other 
stations on the Clyde, and on their passing into the hands of 

































































Dimensions of the Star Company’s Steamers. the Woolwich Steam Packet Company, they came round from 
E the Clyde to the Thames in the boginnin of the year 1866; 
Se g 4 B & | 3 falling in with bad weather the Albert Edward had to bear 
24 g 3 or o £/s8 |é up for Queenstown, but the Bute, subsequently known as the 
zs 8 = ge 3 | 2/6. ga | Prinoees Alice, continued her » and reached her desti- 
— 3 ae = S nation in safety. ew minor alterations ap to have 
gq) Seer lee 4 tat ee «| El 4 of & | been made in her in 1868, and in 1870 an intercostal stringer 
s B13) 2 | 23 PE 83 | BE | & | £8 | BS | wasintroduced through the whole length of each boiler room ; 
a §“|&5| & | a & A= 155] § | 8% |S | and in the spring of 1878, ten years after her arrival in the 
—_—_—— a lala a i on sea iad ball, she Pp ot te a overhaul of rent page | 
...| 1844 | Miller, Ravenhill, and Co.| 170|18] 9 0 | 274 Beam* Ordina: 37 | 3 0| 80 | 1326 and new boilers and bearers were supplied to her. 
New star ..| 1847 Ditto 13017] 9 0 | 27188 | Oscillatmg | Feathering | 34 |2 9| 70 | 12.97 | After the usual Board of Trade survey she resumed her place 
Jupiter... ... 1849 Ditto 165|18] 9 0 | 2 Ditto Ditto 37 | 3 0} 80 | 143 | onher station, and ran as required until the evening of the 
Mars 1852 |Money Wigram and Sons} 180/18{|10 0 | 291 Ditto Ditto 39 | 3 0} 90 | 140 | 8rd of September of that year, and her dimensions were as 
Venus ...... 1854 ©, J. Mare and Co. 180 | 18 9 6 2913¢ Ditto Ditto 39 30 90 14.71 follows (see also Appendix dD) : 
* Removed from the Planet, Length be- Siesthen to Horse 
And during the time this service was continued no better one , Franco-German war. As their ceniting ts as light as any eau. Breadth. Depth. | ‘Tons O.M. pom, 
existed, and it was one which, from the very great increase | that has come under my own notice, I have given you cer- 
of the traffic on the river, it would now be impossible to | tain particulars of them ror C., also in Figs. 1 and 2. ft. in. ft. in, ft. in, 
perform. The express service, both in the morning and after- They have done good work and continue to be largely 219 4 20 2 94 251 140 
noon, between Fenchurch-street and Gravesend, occupied, | patronised on the Rhine. 
with the tide, about one hour and a half—against the tide . : . 
some twenty minutes longer; and the Jupiter, Mars, and Dimensions of Rhine Steamers. 
Venus were in on -* = a 2 on aaa 
The opening of the North Kent Railway to Gravesend di 
not online hoch with this traffic, but the cheap fares a Burthen Pihiat | Horse i pad 
subsequently of the London, Tilbury, and Southend Railway, — Perpen- Breadth,| Depth. | in Tons |Description of Engines, of Siseine Power, | Steam 
together with the facilities of access to, and attractions diculars. O.M. Cylinders. | 1, on 
offered by other railway companies to the public in other we Boilers 
dl regs ie on a ee a = |= [es a 
iscontinued in » ani sold and dis; in . Direct action Yee . 
The vessels of the Diamond Company, which for some time | F°ie4 aad ved acins { tmoltned eylinders } 46 3 | 140 25 
had made an arduous struggle, previously been with- | Humbolt +0 » 7” ” ” ” ” " = 
drawn, as also had the Thames Company’s and other vessels | Wilhelm 260 25 6 ” ° * i ° 30 
running to Hungerford Market. ad ed ” ” ” ” ” ” ” 
Although the ap 9 between Blackwall and Gravesend 
was comparatively but short, the service was a trying one for 
the boilers; the vessels had to start with a good pressure of | On the dissolution of the Star Steam Packet Company the It is far from my thoughts or desire to dwell on the awful 
steam—generally just kept under blowing-off pressure by the | Jupiter into the hands of the Dover Mail Steam | accident to the Princess Alice; let us throw a veil over it, 
use of the donkey—and the fires could not be eased at the | Packet Company, who overhauled both the hull and ma-| except in a technical sense, whilst I give you some particulars 


end of the passage until the vessels were close alongside the 
iers; again the donkey was brought into requisition—fire- 
‘oors and smokebox doors all thrown open, to check, as far 
as —— the steam from nee = 
the year 1851—the Great Exhibition year—the Jupiter 
ran, between the 29th March and the 14th September, over 
17,250 knots, —— by for general overhaul and boiler 
cleaning on three different occasions, each occupying a day, a 
— to ~ pe of the service in 1815. te 
_ In Appendix B you will find some particulars of the scant- 
ling of the hull—interesting as a record of what was done in 
1850. Figs. 5, 9, and 10 show a half midship-section, and the 
thod adopted for attaching the wooden shelf and deck 
beams to the hull. You must remember that nearly all, if 
not all, of the early iron vessels for the river, Margate, or 
Channel stations, were fitted on this plan, and the weight of 
the ironwork in their hulls was in proportion to their 
Length x breadth x depth. 
_As the vessels running up the Pool were withdrawn, the 
of the Woolwich Steam Packet Company availed 
themselves of what they considered to be a fair opening for an 
extension of the traffic; placed on the station theirjthen well- 
known packet, the Dryad—her was 12.6 knots on the 
h this far short of 





measured mile at her trial, and 








chinery ; a new boiler was fitted, iron deck beams were sub- 
stituted for the original wooden ones, a new deck, 24 1n. thick, 
was laid throughout, and bilge pieces were attached to the 
bottom, to enable vessel to take the ground in Dover 
Harbour. On the completion of this work the Board of 
Trade, after survey, granted a passenger certificate for the 

ty mail packet surveyor of 
that day refused to give one; leeward Fagg, that 
whilst you might cross the, Channel yourself in the Jupiter, 
any letter that you had previously posted could not accom- 


ou. 
PU itimate ly turned into a blockade runner, after a severe 
struggle in the Bay of Biscay, poor Jupiter fell a victim to 
eptune. 
‘hree other accidents to vessels of this class, in addition to 
the one to the Jupiter, that came under my notice during 























Sl eeieo ot gaat, wae 6 ee , 1844, the 
E dberfeldt, belonging to the Lower and Middle Rhine Com- 

ny, built in 1840, by Ditchburn and Mare, with engines by 
Miller, Ravenhill, and Co., and of the following dimensions: 
panies Burthens in| Horse P 

‘ower, 

Perpendi- Breadth. | Depth. | "Tons 0.M. | Nominal. 

cuwlars. 

ft. in, ft. ft. in, 

170 10 22 _8 6 403 110 
after having, in the first instance, crossed in perfect safety 
trom the Themes to Rotterdam, wes making & feturn voyage 





ba both the vessel one’ the collision. The latter occurred as 
was performing u 

dotted lines in Fig. 4 awe you the 
there was a blow, then a rebound, then 
Bywell Castle having struck her on 
son, cutting through her side and 
vessel to the extent of at least 14 


eut through, a short end being left 
board side, the cast-iron maintop frame of 


maining uninjured. 

The aperture caused wie collision 
weight of water, and the middle } 
weighted and partially 


causing the two ends to 
drifting down with the tide for about four minutes, 
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bottom of the river, I had, in connexion with others, the 

portunity of given them a thorough examination, and not 
the slightest symptom of straining or working was apparent, 
either in any part of her plating or rivetting, or in any other 
of her fittings, eivher in those made of metal or of wood, and 


Come ials employed in her construction had been of good 
ity. 
This was 0 far catistactory ; but let me ask who can point 


out a river steamer that could withstand the collision of a 
large screw collier—the force of the blow by which she was 
struck being variously estimated at the rate of from 6000 to 
8000 foot-pounds per second ? 

During all these years over which my remarks have ex- 
tended, the amount of traffic on the Thames had been in- 
creasing, until, in the year 1874, the number of sea-going 
vessels arriving in London, including sailing ships and steam, 
foreign and coasting, amounted to 43,848, having a gross 
tonnage of 8,337,977 tons. In the year 1878 these numbers 
had risen respectively to 47,728 and 9,415,873. 

These figures did not include the river craft, river steamers 
and barges; about 7000 of the latter were registered, and it 
was computed that about 1000 of them daily from the 
docks below bridge into the Thames. uring these four 
years twenty-one lives only had been lost through collisions 
of all kinds. 


The Waterman's Company, an old guild dating back from 
the 14th or 15th century, possesses the greatest possible 
powers in connexion with the navigation of the river, and 

nger river steamers must be navigated above Gravesend 
y one of their body, and although, happily, this frightful 
calamity above alluded to may be taken as exceptional, the 
public are beginning to inquire has the company sought 
to elevate the position of its members by keeping pace with 
the times, and this enormous growth in traffic by requiring a 
better education to be a necessity amongst them, or by seek- 
ing any standard of merit or knowledge from a member prior 
to his taking charge of a steamer, with a living freight of 
several hundred people on board? The London Steamboat 
Company, at the present time the owners of a very large fleet 
of steamers plying both above and below bridge, are, amongst 
other matters in a Bill now before Parliament, seeking for 
relief from this vy" 5 the like of which does not exist on 
any other river; and all interested in the navigation of the 
Thames are watching its progress, and for the answers by 
which these and similar questions will be replied to. 

Whatever may be the decision of Parliament, let us express 
the hope it will be welcomed as a wise and just one by the 
British public. 

APPENDIX A. 
Dimensions of Vessels running on the Stations belonging 
to these five Companies. 





Star Company. 
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| 2 4 ; | 828 
, a é 4°.. Horse 
Name of Vessel. | L 2 a | Bes Fanaa 
S| @ A |mao 
ft. in. ft. im. | ft. in, 

Comet... ~~ 135 0 16 0 9 4 163 70 
Star . 141 0 21 0 11 0} 300 120 
Vesper... . 155 0) 18 O 9 6 250 80 
Satellite oe 18910, 17 0 | 8 4] 19993 70 
Meteor... ..170 0/18 0 | 9 O} 27439 80 

Diamond Company.* 

| ’ 
Diamond 145 0 16 6 9 6} 200 70 
Pear! 1038 0 17 6 9 4 152 60 
Topaz ... (135 © 16 0 | 9 6 163 70 
Ruby ... 160 0 19 0 | 9 4] 280 80 
70 5 ¢ ax atmospheric 
Sapphire 170 5 18 1 | 9 6) 351 { anon 
Blackwall Railway Company. 
! 
Brunswick 46 219 14/9 9) 263 90 
Railway (146 8 19 1 9 9 262 90 
Blackwall /146 819 1 |9 8| 262 90 
The Thames Company. 

Sons of the Thames |140 o 17 0 |8 3] 199 56 
Father Thames \I41 ¢ 19 2 }10 0 254 70 

The Eagle Company. 
Eagle... eve nl eee anti L wed: 50 

| 149 50 


Falcon one ~ ens ose cen 








* This company shortly afterwards purchased the Prince 
Albert, length, 155ft.; breadth, 19 ft. ; 100 horse power, and called 
her the Emerald, 


Appgsno1x B.—Jvrirar. 

Keel.—Of best iron 6 by i; 

Frames.—Of angle iron 2 by 7 by ip 8 1 ft. Sin. 
apart in engine and boiler room ; for and aft to be spaced 
2 ft. apart, with reverse angle irons 2 by 2 by 4 on every 
alternate frame. 

Floor Plates.— Of plate iron 14} by 4. 

Plates.—Garboard strake j, first strake from ditto, ,°), 
second + tee om that to gunwale }. 

Bulkheads.—Collision, and one at each end of engine- 
room. 

Deck Beams.—Of wood & | spaced 17 in. apart, 
bolted (as shown) by 4-bolts to shelf 8 in. by 4}, attached to 
vessel's side by bolts of the same diameter, spaced 18 in. 





apart. 
Peck Beams.—In engine-room 6 by 6, with one iron beam 


6 by # with double angle irons on top and bottom 3 by 3 by # 
between engines and boilers. Iron fitted over boiler. 

Engine Beams.—Of wood 14 by 14, with an iron plate on 
the upper side 3 ft. 2 in. by 4, bolted through beams, and 
angle iron on plate at fore end 3 by 3 by #. ooden clam 
14 by 5 by 16 ft. long extend from paddle beam to paddle 
beam under these, and additional ones about the water line, 
with plate 4 thick attached on upper sides. 

Paddle Beams.— Of wood 11 by 8. 

Main Deck.—Of yellow pine 2 thick. 

Appespix C.—Ruinz VESSBLS. 

Keel.—Of plate iron. 

Frames.—Of steel 24 by 1} by 4, spaced 21 in. apart. 

Floor Plates.—Of steel 9 byt, amidships 9 by ;;. 

Plates.— Bottom plates } full, from thence to gunwale }. 

Bulkheads.—} full. 

Deck Beams. Of steel 3} by 14, with deck stringer plates 
3 ft. by gy. 
ye Oa 

Appznpix D.—Princzss ALIcE. 

Keel.—Of best bar iron 4 by 1. 

Frames.—Of angle iron 3 by 2} by 4 full, spaced 2 ft apart 
in engine and boiler rooms; forward and aft to be 2} by 23 
by 4, and spaced 2 ft. 3 in. apart. 

Floor Plates.—Of plate iron 8 by} in engine and boiler 
rooms; forward and ah to be 8 b i with one reverse angle 
iron 2 by 2 by } on the top of an oor, and carried up the 
bilge 8 ft. in the engine and boiler rooms; fore and aft 2 by 





2 by } carried in a straight line. 
Keelsons.—One in centre of vessel, fitted between floors of 


Sineue-Riverrep Lap JoINtTs 


_ Paddle Beams.—Vertical plate 10 by %, with two angle 
iron3 by 3 by jon the top, and one 2 by 2 by} on lower 
edge, with one round stay, 2 in. in diameter, from each end 
to ship’s side. 

Stringers.—On main deck 15 by 4, with angle iron 3 by 
2 by 4 in., and reduced to 12 at fore and after as 

Main Deck.—Of yellow pine 2} thick. 

Machinery.—Diameter of cylinders, 44 in.; length of 
stroke, 3 ft. 9 in.; 140 horse power. 





THE FORM OF RIVEITED JOINTS.* 
First Report of the Committee of the Institution of Me- 
chanical Engineers. 

(Continued from page 149.) 

(IV.) ExPeRImMENTs ON RIVETTED JorNTs. 

HiITHERTO the discussion has been chiefly confined to 
data best determined by special experiments. It remains to 
discuss the data which can only be ascertained by experi- 
ments on different forms of rivetted joints. What it is 
chiefly necessary to determine by such experiments is the 
relation of the tearing —— of the iron in the joint to 
the tenacity of the original plate, and to the shearing stress 
which the rivets will carry before giving way. It is by 
means of these relations that the pitch and strength of the 
joint have to be determined. 

We may call the ratio of the tension on the joint to the 
tearing section of the plate at the place of fracture the 
apparent tenacity of the joint. Then that apparent 
tenacity is rendered less than the original tenacity of the 





BROKEN By TEARING.—IRON. 
















































































Srress AT MOMENT OF FRACTURE rs 
Mode Holes Tenacity of TONS PER SquARE INCH. Efficiency of : 
of Rivetting. made by Iron. Joint, Remarks and Source of Experiments. 
| 
Tensile. Shearing. | Crushing. j 
Tons per Per cent. | 
are | 
Hand .., Punch or me 16.37 18.33 $2.74 46 Sir W. Fairbairn —Rivet heads broke off. 
at sane =. $ 16.35 18.31 32.70 46 ” ” cracked. 
Machine * me 19.95 14.90 26.63 44 ” 
’ vat (2) 20.15 14.13 25.89 (?) Hendry. 
” ” ” 15.31 16.23 25.45 @) ” 
> | = | BR] Be | Re | @ Le 
(?) . +?) 21.11 15.59 26.13 (?) Kirkaldy. 
Hand .., ® 18.54 14.67 16.21 24.84 50 B. B. Stoney. 
ie es od 22.00 14.24 19.79 29.56 44 - 
” ” 21,43 20.48 10.89 19.50 47 ” 
” ” ” 19.76 10.51 18.80 45 ’ 
“ Ne es 16.00 12.12 21.10 45 .” 
” ” - 16-77 12.69 22.08 47 i 
” . ” 24.00 18.22 10.49 17.31 37 ” 
” Drill 22.00 15.57 16.97 26.35 45 ” 
” ” ” 20.90 18.30 28.75 55 a 
’ ” 21.43 21.59 12.12 20.60 50 os 
; “ = 16.37 12.41 21.59 44 ‘ 
” ” ‘ 21.54 11.46 20.50 50 
” ” ” 18.52 14.01 24.39 50 | ~ 
= ie 24.00 21.22 12.83 21.22 44 1 
Gwe Punch 26.70 22.30 25.60 40.23 eee Master Mechanics’ Assoc. (Mean of 3). 
Steam ... Drill 22.25 19.48 18.44 26.56 50.4 Greig and Eyth. 
ahaa Panch 2 16.80 14.89 21.38 40.6 - 
Hand ... Drill . 17.96 17.00 24.48 46.5 “ 
Steam... il om ae 19.63 1861 26.77 50.8 a 
Hydraulic a e 20.43 19.35 27.86 52.9 * 
Steam... Drill e 21.29 17.31 29 59 57.6 a 
SINGLE-Rivetrep Lap JOINTS BROKEN BY SHEARING.—IRON. 
Stress AT MOMENT OF FRACTURE IN 
Mode Holes made | Tenacity of Tons PER SQUARE IncH, Efficiency of 
of Rivetting. by | Iron. Joint. Remarks and Source of Experiments 
Tensile, Shearing. | Crushing. 
Tons per Per cent. 
square inch. , 
(7?) _ ose Punch 25.7 17.99 22.40 30.00 44 |Sir W. Fairbairn. 
Hand ... ‘ 22.00 11,97 17.78 27.94 38 B. B. Stoney. 
— va 22.00 14.75 19.90 32.60 46 ” 
” Drill 2.00 15.10 18.63 29.63 46 % 
J es 17.75 1790 28.84 50 ” 
oe be 3 20.90 18.30 28,75 55 asi) og 
Machine Punch te ‘ia 19.53 ais ath Sir W. Fairbairn. 
and ... " m 20.51 oan 
Machine Drill a ese 1851 *e 
Hand .., ° a 20.34 «de ” 
gt i Punch ei ss 21.20 ns ” Countersunk. 
Machine Drill ec jon 19.58 ded ete = . 
(?) ned pn 26.70 20.8 23.8 37.35 os Master Mechanics’ Assoc. (mean of 3). 
Steam... ‘o BY 19-48 18.44 26,56 50.4 Greig and Eyth. 
i ae rs * 19.63 18.61 26.77 50.8 - 4 
Hydraulic... > pa 20.43 19.35 27.86 52.9 = & 
Steam... .. < < 21.29 17.31 29.59 57.6 a 
plates, 10 b: in engine and boiler rooms; forward and | iron: 1, by any injury done in drilling or punching ; 2, by 
any ieegelert of stress due to the way in which the rivets 


aft to be 10 by 3, with two angleirons 2} by 24 by } rivetted 
back to back through keelsons and reverse Semen 

Plates.—Garboard strake }, bottom and round the bilge 
fb: from that to gunwale 4; before and aft the engine and 

iler rooms the plates to be 7; thinner. All the bolts to be 
flush and double rivetted, and longitudinal joints lapped and 
single rivetted. 

Bulkheads.—Four. Collision, one at each end of engine- 
room and one in after run, plates ,3,, with vertical angle iron 
2 by 2 by ,%, 2 ft. Gin. apart. 

Deck Beams.—Main, 34 by 24 by 3 full, and for about 
30 ft. fore and aft 3 by 24 by y,, spaced, one on every frame, 
connected by small knee plates. Cabin floor beams 1} by 
1} by ,3,, connected by stanchions to the middle 5 

Engine Beams.—Of three plates, vertical plate 10 
by +, horizontal plates, 18 by 3%, angle irons 2 by 2 by 3. 
with fore and aft castings to pa beams. The horizontal 
plates connected together by five angle-iron brackets and 
plates, equidistant in breadth of vessel. 


load or crush the plate ; 3, by any irregularity of distribu- 
tion of stress due to the bending of the joint as a whole 
under the action of the load. The apparent shearing re- 
sistance will be less than that determined by the special 
experiments above: 1, if the load is not equally divided 
* We have received from the secretary of the Institution 
of Mechanical Engineers, a list of errata to this report on 
rivetted joints. ‘These errata, so far as they refer to the 
part of the report already published, are as follows: 08 
page 111 ante, first column, lines 59, 60, and 61, for: ‘In 
some experiments made by Mr. Kirkaldy for Mr. Denny in 
1879, the rivets sheared at 16.4 tons per square inch in steel 
lates,”” read “‘ In some iments made by Mr. er oe | 
‘or the West Cumberland Steel Works, iron rivets in 
pete sheared at 15 to 19 tons.” On page 146 ante, in the 
‘able, in middle column, for “‘ Shearing resistance. Tons 
per square inch,”’ read “‘ Shearing resistance of two rivets, 








and for “30” in same Table **20.” 
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amongst the rivets: 2, if any crushing of the rivet by the 
plate causes an increase of stress on part of the rivet 
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section. 
Let f: be the apparent shearing resistance, and Q, the STREss AT MOMENT OF FRACTURE IN 
shearing section of the rivets in any given joint or length Moa Holes made|Tenacity of TONS PER SQUARE INCH. Effici 
of joint. Let fe be the apparent tearing resistance, and ode oles e/Tenacity o ciency of Binet as t Experi mi 
De the section of the plate through the rivet holes where — ad oon mane ais iss Wid Nici x 
a Then the strongest joint will be Tensile. | Shearing. | Crushing. 
‘or whic 
fe Ot =e Qs. a... . Per cent. 
If the diameter of the rivets is determined, either empiri- (?) Panch 25.77 16.62 22.06 29,47 41 ate W, Dutemehans single cover, Counter- 
cally or to secure a given limit of crushing arm then} @  ... m 7 26.13 17,34 46.25 Sir W. Fairbairn, double covers. 
the equation just given determines the pitch of therivetting.|(@)  .., 4 1 21.70 15.08 38.50 } 60 5: S 
The object of experiments on complete rivetted joints is to | (?) ‘ a * 25.09 16.66 44.51 ms a 
determine the values of f; and f, for different kinds of —|— —-- ce stoaragepoe 
joints. To determine these stresses two experiments are Hand... Punch p 2 | e 12.86 8.73 41,67 7 Walter R. Brown; double cover. 
uired, one on a joint which has given way by tearing,| ” *" ” e823 a4 = oS Es ra > a 
| one on a joint which has given way by shearing.| ” . Egh 12.66 8.05 41.01 $28 oe 
One should be designed with an excess of tearing area, the] __,, : S $ 24 13.15 8.93 42.61 ass ” ” 
other with an excess of shearing area, but in other respects | _,, ” s = 12.69 8.26 40.70 3 Be ” ” 
they should be identical. Unfortunately this has seldom| » ” BR ra 13.39 8.44 42.94 3 8 ” ” 
been done in the experiments which have been made. ” ” Bobs.| 1429 9.30 os ng ” . 
1. Single-Rivetted Lap Joints of Iron.—The preceding | gigam Drill = 83, t 3 med oan ) 46.6 Greig and Eyth; single covar 
two Tables contain all the reliable experiments which have} ,, ‘ i 94.24 11.48 33.83 62.7 * * double covers, 
been found on single-rivetted lap joints of iron, broken by 
tearing or shearing. From these Tables all experiments 
have a in which the - ing pressure of the 
rivet on the plate was so great as obviously or probably to © so 
hese aie cted 7 any considerable degree the apparent SincLE-RiveTrep Burt JOINTS BROKEN BY SHEARING.—IRON, 
tenacity of the joint. 
Taking the different sets of experiments, the following}@ --- «..| Punch 25,77 16.62 22.06 29.47 41 Sir W. Fairbairn ; single cover. 
average values are obtained : @) ee nee ” @) 13.87 17.92 20.06 . David Kirkaldy ” 
| s lase | aa lpes 
| & S¢ gee rf Ze Dovs.E-RiveTTED Lap JoINTs, BROKEN BY TEARING.—IRON: 
| £2 I 3 Sq isa 
£2 Se o 
AUTHORITY. E fe a5 > $s “3 E STRESS AT MOMENT OF FRACTURE IN 
Sa 7, {3 332 a 8 = $34 Mode Holes | Tenacity of TONS PER SQUARE INCH. Efficiency of 
gs gs gs q™ g 3 |g ae] of Rivetting. | made by Iron, Joint. Remarks and Source of Experiments, 
} oS a a 9 
_ ma g8R8) Sa a Ee al Tensile. | Shearing. | Crushing. 
rxy percent. tons Per per eent Tons per Per cent. E 
, . \° . ° n ° 
a .+ ss. /Punched 17.55 68.11 | 22.40 | 783 |Hand... ...| Punch te 25.77 22.97 17.15 30.62 
a . joes 1716 | 79.97 | 1884 | 91.0 A ein ny ‘a " ae a 4 58 Sir W. Fairbairn. 
% “+ tm | Drilled | 19,89 | 88.81 | 18.27 | 106.1 = - . 93.94 20.51 31.02 
Fairbairn ...  <..| Punched |. we =| 20.48 | ogee SR! ; 96.05 19.45 26.05  e 
” ose enol i aA seo 19,47 . a r . 
Master Mecha- ¢ | Punched 22.30 | 83.52 ‘ = Rn = a aoet ne HER 0 caitialia 
es’ Association (| Drille ‘ie = 20.80 David Kirkaldy. Between outside rivet 
Greig and Eyth {| ee) et use | wes O Fansh 25.57 mes aaa {\'and sideof plate only 0,3in, of metal, 
: : 43 | 107. 
| Machi Punch 18.7 16.28 16.60 25.17 
Mean result ...| Punched | 18.35 | 76.77 | 20.55 | 84.6 Easton and Anderson, 
. ws Drilled | 19.57 | 88.50 | 19.24 | 1066 . " ° te | ines | oer? } 60 {Plates not annealed. 
Steam Drill 22.25 20.44 17.68 | 25.46 629 Greig and Eyth. 
» Lp mean stresses et Soped ~ not very Gosastents % " ” 21.90 a — — bod Md a 
ut an examination of the detailed experiments, in which | Hydraulic Punch 19.55 11.60 9.83 35.9  |R.V.J. Knight. Experiments made b 
there are considerable variations, tends to lessen the value ‘ * e a 1991 11.23 9.53 84.7 Kirkaldy Plates in. thick. These 
of the average results. ” ya 23.2 12.79 10.20 9.60 23,1 results are kept separate from the pre- 
It appears that the apparent tenacity of the joint is at ” ” ” 13.22 10.58 9.92 34,2 — as they show & very great re- 
least 20 per cent. less than that of the original plate with ¢) 215 12.18 15.10 13.54 42.0 action of tenacity in the joint. 
punched joints, and 12 per cent. less with drilled joints. | (7) ” ; 12.83 15.54 13.94 43.2 { R.V. J. Knight, { in. plates. 
The shearing stress is 6 per cent. greater in punched holes x % ‘ ; F 
than in drilled holes. But this result must be received with 
pry wp a ng py is — if the true ee of _ 
rivet has ever been determined in experiments with punched 
joints. With punched joints the Candie of the Lome is DovBuE-RivETTED Butt JoInTs, BROKEN BY TEARING.—IRON. 
only 85 per cent. of the shearing resistance of the rivets per 
square inch ; but with drilled joints the plates are stronger STRESS AT MOMENT OF FRACTURE IN 
— am ory —— Ma —— the = of ae A Dea sitete of Mision Tonecity of TONS PER SQUARE INCH. BMielency of cE % sineecaiaa 
0 é difference of apparen’ nactr im ar. vetting. made ron, 0 . mar rce 0} x ents. 
and punched joints, it is hardly > out as cxpauienends on 2 A mm 
the effect of Jreting and drilling indicate. But the loss Tensile. | Shearing | Crushing. 
of tenacity of 12 per cent. in drilled joints seems to show ‘Tend nar Ta Pér cent 
that there is considerable loss of strength, ascribable to square Inch. ‘ 
ne and other causes, affecting both kinds of joints Punch 25,77 33-74 18.92 25.88 } a aaeaisemieaiant. dee 
y- ” ‘ 17.45 05 r W. Fairbairn. gle cover. 
The reduction of tenacity in lap joints is commonly ” ha 24.07 19.18 25.68 
—, to o bending of a a when many * = yt ” 38.46 11.09 a } 67 e Double covers. 
sho 2 noticed, however, that the bending occurs chiefly | yacni a 215 16.43 29.48 60 M ‘ a r 
at the points a a, Fig. 10 (page 149 ante), whilst the actual mT a me poe naar moray monly Obtin, 
fracture occurs in the plane b b. More probably, the reduc- and 0.65in. from side of plate. Half 
tion of strength is due to the way in which the pressure of net section between rivet holes would 
the rivet is distributed on the plate. The probable distribu- 8 have required 0.9in. 
tion is pougnly indicated by the relative lengths of the r* = #31 = oan Ms, Destem. . Tingle sever. 
arrows in - 10. It will be seen that the bending and Hand... 17.50 11.73 27.93 David Kirkaldy. Double covers. 
crushing of the plate tend to bring the resultant tension | _,, # ke 19.63 9.38 83.34 ae . ~ 
— the inside edges of the ections < Satan, = ” ‘° oon 20.08 —_ ye " ” 
virtually to reduce the strength. The wider the see ss : ' abe ” ” 
and the more rows of rivets, the less this action is likely to | 58m. Drill sane 18.07 ne 4 Ae. Pamment Bem. . Baae caver. 
be, and the more nearly the tenacity of the joint will | g"4railic Pach 19°35 a4 6.90 13.0 53.8 ee mmigd eng 
approach that of the plate. (See Appendix I.) . ; 1751 6.90 13.0 53.7 i R. V.J. Knight, Double covers, 1 in. plates 
I. Single Rivetted Butt Joints of Iron.—The experi-| 7 e ’ ; 


ments on these are less accordant than those on lap joints, and 
they are far less complete. The crushing pressures in Sir 
W. Fairbairn’s experiments are higher t those in Mr. 
Browne’s experiments. But while the former give an 
average tenacity of 22.38 tons, the latter give ully 13.17 
tons. No satisfactory general conclusions can be drawn 





* In all these Tables the stresses corresponding to the 
actual mode of fracture of the joint are printed fn heavy 
type. Thus in this Table the joints all gave way by tear- 
ing, and the tensile stress is, therefore, given in heavy 
type. The crushing and shearing stresses, given for com- 
parison, are, therefore, lower than the stresses at which 
the joint would have given way by crushing or shearing. 
Where there are heavy figures in two columns, it implies 








for lap joints. 
Tit . 


These 





that the joint gav by both i 
‘ +e gave way by modes of fracture simul- 





to the reporter 


bending of the joint d 
Soa Ber ed 
the reduction of 


— (as given in the two Tables 
are tolerably numerous, so far as tearing resistan 
plates with punched holes is concerned; but there are no 
experiments with drilled holes, and none in which the joint 
gave way by shearing. 
The exceptionall 
experiments is 


ifficult to 
explains the 


from these experiments. The mean shearing resistance 
in two experiments is 20 tons, which is about the same as 


: le-Rivetted Lap and Butt Joints of Iron.— 


above) 
ce of 


low tenacity found in Mr. Knight’s 
understand. The joints were 
made with rather thick plates, and Mr. Knight in a letter 
reduction of strength by the 


uring testing. But these results must 


as exceptional, because not only is 
far greater than in any other ex- 





periments in this Table, but no such reduction of strength ’ 


appears 
formed 


of this A ag i and some additional 
A ix I. 


to occur with steel joints, which are even more de- 
when tested than iron joints. A further discussion 


experiments, are given in 


e Table on the next page gives the mean results for 


lap and butt joints double-rivetted. 
t atortenahaly the original strength 
bairn’s experiments is n certain] 
Messrs. Easton and A: 
distance from terminal rivet to side of plate was 
iona’ small, which woul 


ment, the ae 
stress at the olghe of the 


of the plate in Fair- 
determined. In 


ot 
eve thin: f and Mr. Kirkaldy’s experi- 


ive rise to excessive 


d 
plate. Mr. 11 does not give 


the original strength of the iron, and his two results are 
very discordant. The experiments on this form of joint are 
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METALS Inox, Wa0uGHT — 2 «6. 2s Stee. OASTiInes—continued s. da. 8. a& PrrcH (per cwt.)— 8s, da. s. d 
4 Cleveland angles. 8 o 8 2 Side cranks, cross heads, Britis. 6 0 7 0 
£% & &. - bars 7 15 8 0 crane wheels, engine Archangel... ° 0 °° 

ANTIMONY ORE (per ton) o o °([U° uddled bars. 5 10 5 15 OY ree ° 3° «0 PLUMBAGO (per cwt.)— 

Rogulus (star) .........0, a 2. ¢@.% 2 - oiler plates. 8 10 #4 6 Tumbler bars and other Ceylon lump............ tga in dined 

Brass (per Ib.) — a. «<h- teu ” FALE 24-00-0000. 8 o 8 5 castings for / Ce i 2 8 a. € 
acts, 68 «96 snieuncnnineie s.. we s ” 4 — 81 9 . P PUFPOBOS. ...2.+00+0000ere0e0e so 0 696 © » dust....... eocneeee 6 6 8 6 

allow metal ........0-02048 ° 7 ° 7 ” “ | eg waoisk [Ron (F.0.b) at RaILway GREASE ( 
° per 

CASTINGS TYNE AND OLEVSLAND Scotch — ; = : ,- Pe naes (perton)- £ 8. £ &. Cwt.)—Rose’s ...00.... 28 O 30 © 

to 2s £e | . wale aia . a . © | SE eae ORI 6 0 Z 10 Pritchard, Offer and Co.'s 
s 10 6 10 | §taffordshirebars a ae 0 apace en m : > : Concentrated .........006 60 © 0 
2S 3 20 9 lates.. 8 o 10 190 T RESIN (POT CWt)..cercrccove es 4 9 5 0 
eee 4 10 6 0 * ller... - 6.» «<2 A gad ie TALLOW (per cwt.) 

Corps (per ton)— " HOOPS... 8 10 10 0 Billiton a. Ss See N. AMETICAN ......s0000000 00 © oo o 
ObEM DATS ..rcsrvenrne 66 § 66 10 Welsh rails S.W....... 7 10 10 hipaa om rR te oe. ae S. American beef............ 00 © oo o 
Australian ..........00000. 73 @ $80 0 | TE it 7 15 8 0 English ingots a ° - « ” sheep ...... co 0© o8 o 
English tough, best......... 74 0 76 o | »  boilerplates,S.W. 9 o tt o English oe ~ 9 : Austratian beef ............ Rite o 

te AMOS ..covrsereere 75 7 oO | ve hoops, S.W......0000+ 9 @ to 0 English refined = ° : ° ” sheep .......4. 35 0 35 6 
Sheets, HC.......ccrerere 73 @ 8a © | Lean (per ton)— Australian..... 87 6 a 2 St. Petersburg, ¥.0..... 43 © 44 0 
onne 80 o 83 o | Soft English pig ......... . 37 85 3 0 Tis Puarss (per box) — .~ we a English, town ............+ 35 © 35 3 
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Experiments on Lap and Butt Joints of Iron, Double 
Rivetted. 
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Pa BSS 
Description, Authority. | sa < me 
£ 3 Ss 3 o. 
+ es 23>$ 
Bs gash 
| Tons per | Per cent. 
| sq. in 
Lap Joints. 
Single shear, punched |Fairbairn ... e| 28.50 91.2 
* ve |Kirkald ese «| 25.57 
os ~ Easton & Anderson 16.35 87.4 
i. drilled ...\Greigand Eyth . 21,17 95.0 
nd punched |Knight eve | 12.08 56.4 
Butt Joints. 
Single cover, punched |Fairbairn ,,, | 24.07 93.4 
” e Martell ee 19.95 
Double cover ... ...|Pairbairn .,, | 22.44 83.2 
* oe ../Kirkaldy ... «| 19.39 
Single cover, drilled ---|Greig and Eyth w+] 18.07 81.2 
Double cover, drilled... e as 20.65 92.8 
- punched =e | 17.62 90.0 
| 
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TUNNEL TricHINosis.—The Geneva correspondent of 
the Times writes under date March 15 :—‘‘ The Gazszeta 
Piemontese gives some interesting particulars concernin 
the effects on the health of the men employed in the Gotha 
Tunnel of the unfavourable conditions in which they are 
compelled to work, with special reference to a disease en- 
= by the presence in the intestines of animalcule 

ving a certian resemblance to trichine, a fact which was 
briefly mentioned in your Foreign Intulligence of Thursday 
last. The general seeemes of the Gothard miners, par- 
ticularly of those of them—and they are the majority— 
affected by the malady in question, is described as de- 

rable in the extreme. Their faces are yellow, their 
eatures drawn, eyes half-closed, lips discoloured, the skin 
is humid, and the gait difficult. If they eat with appetite 
they cannot digest, and when wine is taken it is invariably 
rejected. Let a man be as strong as he may, three or four 
months’ work in the tunnel seriously injures his health, 
and at the end of a year, or a little more, he is a confirmed 
invalid. Professors Calderini, of Parma, and Rozzolo and 
Pagliani, of Turin, have made several visits to Airolo for 
the purpose of studying the disease on the They 
state that 70 to 80 per cent. of the men are suffering from 


this complaint, to which they give the name of anemia 
ankylostoma, a term derived from the worm found in the 
intestines of a miner who died in the Turin Hospital last 
year. A somewhat similar malady, arising from the 
presence of the ankylostoma in the intestines, is endemic 
in Egypt and Brazil. Thirty per cent. of the cases are 
classified as ‘severe,’ and among the men who have 
wrought in the tunnel a year or more, 95 per cent. are 
affected. For boys from 14 to 16, many of whom, as I can 
personally testify, are employed in the tunnel, the pro- 
fessors stigmatise it as ‘a veritable hell,’ continuous 
labour in its pestiferous atmosphere being almost certain 
death for the young. Professor Bozzolo is of opinion 
that ten hours spent in the tunnel are sufficient to bring 
about a condition of body favourable to the develop- 
ment of anemia ankylostoma. The disease, though it has 

robably prevailed more or less for years, has only shown 
itself to an alarming extent during the last six months. 
Several causes have contributed to produce this result. 
The distance of the points of attack, as the extremities of 
the galleries where the perforators were at work have been 
called, from the respective entrances (on the north side 
nearly five miles), rendered ventilation extremely difficult 
—an evil which was increased by the occasional freezing of 
the compressers. The air thus insufficiently renewed was 
further vitiated by the perpetual explosions of dynamite, 
of which the consumption has been at the rate of 660 lb. a 
day, the smoke from 400 to 500 oil lamps, and the exhala- 
tions from the bodies of 400 men and 40 horses. Add to 
this that a like number of men and horses have been work- 
ing night and day in each section of the tunnel for years, 
that there is an entire absence of sanitary appliances, and 
that the temperature has av from 80 deg. to 95 deg. 
Fahr., and we have a state things as inimical to life 


among the horses affords ample proof. They are “+ > in 
the tunnel only eight hours out of the 24, yet they die— 
y dropping down dead as if struck by a bullet—at 

e rate of 25 per cent. per month: that is, the average 
duration of equine life in the St. Gothard Tunnel has been 
exactly four months. As most of the miners employed in 
the tunnel are Piedmontese, the Italian professors, from 
whose report I have quoted some of the f state- 
ments, naturally enough call the attention o i Govern. 


their 

ment to the facts disclosed therein, and claim 
interference on behalf of the men. It is ay bge however, 
to mention that the Swiss rs contest the accuracy 
some of their conclusions, and, while admitting that the 
tunnel is by no means a pleasant place to work in, they 
affirm that ie os not nearly so bad as essors 
Bozzolo and Pagliani make out, and that the figures which 
these gentlemen give with reference to the prevalence of 
disease among the men require confirmation. Be that as 





and health as can well be conceived. Of this the mortality | p 





it may, you could not pass seven or eight hours inside the 
tunnel, before the boring was completed, without suffering 
both at the time and afterwards considerable inconvenience, 
if not something worse, and on leaving it your feelings 
would not improbably resemble those of the Austrian 
fesseeine who, after a similar experience, telegraphed to 

is paper, ‘I have been in the Gochard Tunnel, and I am 
glad to inform you I have come out alive.’ ”’ 





American Locomotive BurLpIne.—The Pittsburgh 
Locomotive Works have contracted to build within three 
months twelve locomotives for acompany which is finishing 
the Texas Pacific Railroad. The same works are also making 
twelve standard gauge locomotives for the Atlantic and 
Great Western Railroads. 


THe METEOROLOGICAL SocreTy.—The usual monthly 
meeting of this society was held on Wednesday, the 17th 
instant, at the Institution of Civil Engineers, Mr. G. J. 
Symons, F.R.S., President, in the chair. Sir A. P, Bruce 
Chichester, Bart., W. H. Cochrane, Rev. H. Garrett, 
M.A., H. Jones, J. Lingwood, Lieut.-Col. L. W. Long- 
staff, Rev. C. E. Sherard, J. H. Stewart, and Dr. W. J. 
Trentler, were balloted for and duly elected Fellows of the 
Society. The following papers were ‘** Thermo- 
metric Observations on bo the Cunard Royal Mail s.s. 
Algeria,” by Captain William Watson, F.M.S. ‘‘ On the 
wig Sunshine Records, 1876-80,”’ by William Ellis, 








THe ASssocIATION OF MuNIcIPAL ENGINEERS AND 
SuRveyrors.—On Friday, the 19th of March, the Asso- 
ciation of Municipal and Sanitary Engineers and Surveyors 
held a district meeting at Dewsbury, in Yorkshire. The 
roceedings were commenced by Mr. Graham Smith, C.E., 
secretary, reading a paper by Mr. E. H. Allier ‘‘ On the 
Sewage Disposal of West Derby, near Liverpool.’”’ In 
the paper were given statistics showing that the proceeds 
from a sewage farm when properly managed may be 
made to cover its working expenses. Mr. B. C. Cross, 
borough ‘engineer, Dewsbury, then read a paper dealing 
with the sewerage scheme now being carvied’ enh by that 
borough. This paper went fnlly into the subject of the 
design and construction of the various sewers and works, 
and other matters relative thereto, such as the popula- 
tion and death-rate of the district. The members then 


of| thoroughly inspected the works and were erall 
satisfied i oe 4 


with the works and the various novelties whic 

have been introduced into their design by Mr. Cross. 
Daring the course of the day the members were taken a 
ses cons seit, ntoenenmaaniie ie toe 
engines, and were ied by Mr. Gomer- 

sall and Mr. Truswell, manager of the tramway company. 
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DEBRUN’S ELECTRO-CAPILLARY 
GENERATOR. 

Tue most sensitive of all electrometers hitherto 
invented is that known as Lippmann’s capillary 
electrometer. Itis based on the principle discovered 
by Herr Lippmann, that if by mechanical means we 
deform a mercury surface, that deformation pro- 
duces a disengagement of electricity which tends to 
arrest the movement of the mercury. The electro- 
meter is based on the converse of this principle and 
the electricity to be measured is caused to produce 
a mechanical movement in a mercury surface con- 
fined in a capillary tube, and this movement is 
measured by means of avery fine scale. In the 
actual electrometer, as now manufactured and sold 
in Germany, the mercury appears as a column in 
the capillary tube, and the upper surface of the 
column is in contact with a superposed column 
of dilute sulphuric acid. When, therefore, one pole 
of the battery to be measured is connected to the 
mercury and the other to the acid, there is a 
movement of the upper surface of the mercury 
within the tube, either up or down according to the 
‘«sign” of the poles, and to a degree corresponding 
to the electromotive force of the current. 











It follows, of course, that if such a movement 
could be communicated to the mercury surface me- 
chanically an equivalent electromotive force would 
be produced, and hence it would be possible to con- 
struct a generator of electricity on this principle. 
M. Debrun, preparer to the Faculty of Sciences, 
Bourdeaux, has in fact devised such a capillary 
battery, and his arrangement is represented in the 
figure. In a tapering capillary tube T he causes 
mercury to fall drop by drop in such a manner as to 
form astring of capillary beads or globules having 
acidulated water (dilute sulphuric = interposed 
between each pair of globules. The mass of 
mercury M which forms the first globule is in com- 
munication with a platinum wire electrode, as shown, 
and therefore takes its polarity, which following 
the figure is negative. Similarly the mass of 
mercury C’ forming the final globule is connected 
to another platinum wire which is marked positive 
in the figure. The fountain-head of mercury is 
contained in a reservoir C, and its flow into the 
capillary tube is regulated by the stop-cock R. 
The water, acidulated by one-sixteenth, is drawn 
out of the globular reservoir B by the passage of the 
mercury drops, and a Mariott flask A is employed to 
maintain its level constant. At the lower end a 
Florence receiver permits the acidulated water to 
escape by the nozzle a and the mercury by the nozzle 
B-into separate receptacles. The extremity of 
the tube should be immersed in the mercury C’, or 
else the dilatation of the globules at the extremity 
will tend to generate a current in a contrary direction 
to that developed by the descending globules, 

The tube used by M. Debrun at its upper 
end a diameter of 2} millimetres dwindling to 1 
millimetre at its lower end. It should be arranged 
to give a height of 0.30 metres and to contain at 
least twenty globules of mercury and not more than 
thirty-five. these conditions the electromotive 


meter of Herr Lippmann, is about 1.4 volts, which 
is sufficient to decompose water by means of 
Wollaston points. The energy absorbed by the 
apparatus in generating the current is represented 
by 2 kilogrammes of mercury falling a quarter of a 
metre per hour. Nevertheless M. Debrun has been 
able, in making the generator operate during twenty- 
four hours, to strongly silverise a five centime piece, 
and from this data he has been able to compute that 
while the work absorbed was 0.5 kilogram-metres 
per hour, the work done amounted to 0.4 kilogram- 
metres. 

If the two poles of the apparatus are separated, 
the mercury flows gently and with difficulty, if on 
the other hand they are united, the mercury flows 
rapidly ; and its motion can even be arrested by 
opposing a Bunsen element to the capillary battery. 

The electrician will readily understand that in 
order to test the current a galvanometer of high re- 
sistance is necessary owing to the great resistance 
of the capillary column. 





MINERAL WEALTH OF EUROPEAN 
RUSSIA.—No. V. 
Iron AND MANGANESE—(continued). 

Central Russia —The geology of the numerous 
iron deposits of Central Russia is little known. In 
the Governments of Toula, Kolonga, Penza, and 
Tamboff, all situated to the south of Moscow, many 
beds of hematite have been found in close connexion 
with the carboniferous limestone. The ore is only 
extracted by means of open workings, for the con- 
sumption of a few furnaces of the immediate neigh- 
bourhood. These cuttings are seldom carried deeper 
than 30 ft. The metallic iron contained in the 
brown hematite ore varies from 35 to 45 per cent. 

In the Government of Orel, ironstone is found in 
three distinct formations : 

1. A brown hematite deposit in the Devonian 
sandstone, distinctly seen in the valley of the Tim 
river, composed as follows : 


Fe, O; ps vi 81.31 
Volatile substances... 13.2 
Clay ... ind eee ee 3.6 


Pyrites ss eee as bee ans 0.13 
2. Beds of blue clay, containing bunches and 
nodules of pyrites, and of iron carbonate (sphero- 
siderite) that are situated in and above the cre- 
taceous sandstone. The nodules are at times so 
numerous that they appear to form an uninterrupted 
bed of ore. The composition of the spherosiderite 
is as follows: 


Metallic iron... dso 45.00 
Volatile substance 30.00 
Mn Oo eee eee eee eee 0.50 


8+Ph ° eas ee wie «» traces 

3. Iron deposits in close connexion with lime- 
stone and clay. As in the preceding class, the ore 
is composed of nodules of carbonate from 1 ft. to 
2 ft. thick, and measuring over 3 ft.in length. At 
Kromi as many as nine out-crops have been followed 
over a space of 25 kilometres. The ore is of good 
quality, and averages 40 per cent. of metallic iron. 

To the north-east of Moscow, in the Government 
of Nijui-Novgorod, Mr. Sabbatier studied similar 
deposits, that very probably belong to the same 
formation. The clay beds containing ore appear 
very distinctly to rest on Permian limestone, 
They are here identical to those already mentioned, 
and contain brown hematite as well as sphero- 
siderite. In some beds of Fusulina cylindrica lime- 
stone, the carbonates of lime and iron are found 
together, constituting a peculiar and original ore. 
In 1875 the amount of ore raised from all these de- 
posits was 200,000 tons, from which 45,000 tons of 
cast iron were obtained. 

Limonite ore is found in various districts of the 
Novgorod Government. Peasants simply collect 
the ore they can find in the beds of brooks 
and small rivers. At Volhynie this class of 
mineral contains 50 per cent. of metallic iron, and 
supplies several smelting establishments. ‘The total 
amount of cast iron produced in 1875 by these 
foundries was 1500 tons. 

In Poland iron ore is found abundantly in dif- 
ferent geological formations, but more especially in 
the Muschelkalk beds that are met with, from 
Beudzin to Slawkow, resting on the carboniferous 
rocks we described in another article.* Large and 
irregular bunches of brown hematite, attaining at 
times a thickness of 16 metres, are met with in 
connexion with calamine and galena beds. Calamine 
is often found associated with the iron ore, The 





amount of iron contained in these hematites varies 
from 25 to 33 per cent. Above the Muschelkalk 
formation, and in connexion with the keuper beds, 
most numerous and abundant deposits of iron ore 
have been discovered, consisting of brown hematite 
and spherosiderites, The first of these ores yields 
from 35 to 45 per cent. of cast iron, whereas the 
carbonate seldom attains 35 per cent. In the 
governments of Radom and Kielée, several fur- 
naces obtain their supplies of ore from these de- 
posits by means of small workings that seldom 
fo barond — cuttings of no great dimensions. 
The mineral deposits are so numerous in the keuper 
beds, that the usual name given to them in Poland 
is the ‘‘ mineral formation.” Brown hematite is also 
worked in the neighbourhood of Daleszyée from 
Devonian deposits, yielding 40 per cent. of iron, 

In the carboniferous formation, beds of carbonate 
ore are often looked for above a thick coal seam. 
We have had occasion to mention these beds before. 

In 1876 the number of mines worked for iron ore 
in Poland was 79. The amount of ore raised was 
107,600 tons, It was smelted in 48 furnaces, and 
yielded 31,168 tons of cast iron, Charcoal was the 
only fuel employed. 

North Russia.—To the east of St. Petersburg in 
the Ulonetz district, iron is found in bunches and 
in lodes neighbouring the greenstone formations, 
The ore generally consists of specular iron and of 
magnetic oxide. 


Fig. N? I. 
The Oula-Outasse-Taow 
Lron Deposit 
Ditay: 
Porphyr, diorite, ete 
Eiagnetic iron ore. 






The magnetic ore is met with in connexion with 
quartz and limestone lodes; at times the gangue 
is wanting, and the lode is entirely formed of iron 
oxide with a small amount of pyrites. In other 
parts of the district the greenstone itself is im- 
Esvenated with ore, and attains, as in the Divia anc 
ouromskaia hills, 40 per cent of magnetite, 

The specular iron is found in quartz lodes that 
generally cross the dioritic masses. These lodes 
are however met with as well in the neighbouring 
rocks, but never far from the greenstone. An 
example of this is known to exist near the river 
Souna, where a lode containing specular iron crosses 
a quartzite formation. These deposits are almost un- 
touched. The limonite ore is so abundant and 
easy to collect, and the smelting establishments so 
scarce, that the magnetite and specular iron have, 
so far, been allowed to remain unmolested. 

A considerable number of lakes in the Olonetz 
and neighbouring districts contain large amounts of 
limonite ore, distributed in small fragments over 
the entire surface under water. At the centre of 
each of these fragments a small particle of some 
foreign substance is invariably found, round which 
the hydrated oxide of iron has gradually collected, 
The deposits of small and shallow lakes appear to 
be richer than those of more extensive and deeper 
waters, It has also been observed that the nearer 
the lakes are to the original springs or to the small 
brooks from whence a constant supply of water is 
obtained, the richer the deposits are in oxide of 
iron. In the district of Povenetz alone 165 conces- 
sions have been obtained for working this ore. Some 
of these are very extensive; several extend dver 
ten square kilometres, and the lake Segue conces- 








force obtained as measured by the mercury electro- 


* See ENGINEERING, vol. xxvii., page 228. 





sion covers no less than 1246 square kilometres. 
These limonites supply the furnaces of the Olonetz 
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district. The Government foundry of Valasminsk 
smelts ore obtained from the following lakes : 


























| 8.8 
| £ 
E 
Name of Lake.|F, 05-| Mn,05./P. 0,./Si O,.| 8. HEE 
| | | 
3 
| sam 
Voto-Ozero ...| 64.20} 2.58 | 1.06 | 850... | 36 
Koldo-Ozero...| 62.54 | vestiges | 0.82 | 7.35 
Ostroosk ...| 64.50 1.12 | 1.10 | 640; ... | 45 
Sat. 64.00] 14.69 | 0.99 | 9.20 0.85/ 134 
Salonjarvi ...|79.69| 0.22 | 091 15.80 0.26) 7 





The total amount of ore taken yearly from all 
these deposits is about 5000 tons. The cost of the 
mineral of course varies with the distance it has to 
be carried; it varies from 2 roubles 50 copecks to 
5 roubles 5 copecks per ton. 

Limonite or bog iron ore is also found in large 
quantities near the Raiwola-Lintula Works, situated 
on the coast of the Gulf of Finland. ‘The beds are 
found under a few inches of subsoil, as well as 
under water. In both cases the ore is easily got at. 
The lake ore is generally obtained in winter, when 
a thick coating of ice serves as a solid and firm 

latform. The peasants cut a hole in the ice and 

ring to surface the ore they can collect by means of 
spades and buckets. This method of working is 
not expensive, for the cost of the mineral, including 
carriage to the foundry, is said to be only 8 francs 
per ton. The practical results obtained at Raiwola 
show that 35 per cent. of cast iron is obtained by 
smelting this bog iron. Mr. Sabbatier calculates 
the total amount of these limonite deposits to be no 
less than 70 millions of tons. 

Oural Mountains.—The Oural range is not only 
rich in iron, but offers the student a vast and ex. 
tensive field for interesting study. The deposits vary 
greatly, not only as to composition of ore, but prin- 
cipally as to their nature and origin. 

The Magnetite formations are numerous. The 
extensive deposit of Bl at, that supplies the 
Kouchwa foundry, is well known, and has often 
been described. The Wisokaja mines, that for years 
have been worked by the Prince Demidoff to supply 
his furnaces at Nijné-Tagnilsk, are also most 
extensive. The ore is found at the contact of the 
diorite and porphyry formations with the limestone. 











south-west slopes (see Fig. 1). ‘The masses are very 
extensive ; the one to the west is 1500 metres long, 
and the other on the east side of the hill is 1000 
metres in length. The ore is extremely pure and is 
said to produce the best iron in Russia; it contains 
from 60 to 70 per cent. of iron. 

The deposits we have just mentioned are by far 
the largest magnetic ore masses of the Oural. The 
same mineral is, however, met with frequently in 
smaller quantities, in the shape of lodes and con- 
tact lodes in the pyroxene and syenite rocks, as 
well asin the metamorphic state. It would be use- 
less to name all these deposits, but we can mention 
some that are better known and ap to have 
been more extensively worked : The ores taken from 
the Soukhogorsk, Kormovistchensk, Spassk, Mag- 
dalinsk, and Gousewsk mines are all smelted at the 
Soukhogorsk furnaces ; they contain a small amount 
of specular iron. The Katchkaur Mountain, 
although not worked, is worth mentioning on ac- 
count of the high magnetic properties of the ore 
it contains. Its height above the level of the sea is 
over 3300 ft. and its mass is entirely composed of a 
pyroxene rock, Lodes of about 0.40 m. thick of 
pure magnetic iron are found in various parts of the 
mountain, and it is suppesed that far larger deposits 
would be discovered if looked for. In the same dis- 
trict as the Blagodat mines, magnetic ore is worked 
at Malablagodatsk, Walomusk, and Sine-gora. The 
Sergninsk foundry takes its supplies from the 
Chounoutsk mine, where magnetite is found in 
quartz lodes that traverse the chloritic schistos. 
At 14} miles to the south-west of the Kichtim 
foundry, a strongly inclined bed of magnetite, with 
small veins of specular iron, is worked. It is placed 
at the junction of the silurian limestone with a 
formation of quartzite slate, its thickness varying 
from 1.40 m, to 3.50 m.; 60 per cent. of cast iron 
is obtained from this ore. In the Slatoauste district 
a great number of deposits have been discovered in 
close connexion with an extensive dioritic formation ; 
the only lode at present worked is 15 metres thick 
and is situated near the Kopauka river. Further 
south we find nothing worth special attention besides 
the Oula-Outasse-Taou deposit already described. 

Red Hematite is frequently met with in the Oural 
districts, but it is generally mixed with and subordi- 
nate to the brown hematite ore. Bunches of red 
emahtite are worked out near the Liswensk foundry, 
between the carboniferous beds of lime and sand- 






































The Wisokogorsk bed is said to have produced, since | stone. The ore is composed as follows: 
1758, the large amount of 2,490,000 tons of Fe, O; an - oe 96.00 
magnetic ore. The present yearly output varies from Si O, + awe 2.50 
50,000 to 65,000tons. The composition of the ores att Al, 0. P.0; a. ~ 
smelted at the Demidoff Works will be seen by the Tere — 
following list : 98.79 
Per 
Name or Mive. | Cent-of | sigs, | al? 08, | Fe? 0*.!Mn*0*,| Cad. | MgO.| 8. | Pb. |Copper. 
Tron. 

Wisokogorsk, magnetite... } 7.87 | 3.57 | 80.04 | 0.57 | 0.97 | 0.02 
Jerebtzowssk ,, «./ S | 24.76 | 381 | 6898 | 037 | 121 a ns 0.03 

» am a | — 36.19 | vestiges; 61.42 | vestiges | vestiges | vestiges| 0.15 | vestiges! 0.02 

pe » oi hig | 906l | 0.15 | 61.94 | ,, - us 0.35 » * | 0.08 

99 os ved 29.97 1.80 67.61 9° - 0.08 0.04 9 0.05 
Lebiajinsk gpite> sac Oe 5.28 1.23 | 89.31 0.40 2.20 GEG IN ele 0.27. | 

‘i ° || 6.73 | 14.55 73.33 0.51 4.05 a ko vestiges | vestiges 
Tcheremchansk ,, _ .- oer veo pe ove 20s ove 99 we 
Kamensk ook} ons am E py ges sal vestiges a - 
Semmowsk - 2.07 4.67 | 93.49 | vestiges | vestiges 
Beresowsk ea 3.33 230 | 92.26 | ,, a vestiges | vestiges 
Schilowsk, limonite | ¢ | 5.36 | 206 |sis7 |”. | "PL | oes 
Nelobsk o ool P ag 15 62 8.21 68.86 | 0.96 2.87 oe 1.30 
Saldinsk || S | 27,81 | 6.02 | 48.97 | 0.56 | 2.86 | vestiges 
Wissimo - Chaitansk, spe- | 
cular ae eee ae 1.63 1.11 94.92 |... 0.13 | vestiges 
Sapalsky, manganese _...|_) 10.21 a 20.22 64.52 
' 
The last mine on the list, containing manganese The Archanguelo-Pachiisk furnaces take their 


ore, is situated at 4} miles from the foundry. The 
ore is found in lamps and small bunches in the 
silurian limestone and is composed of a mixture 
of — and of pyrolusite. 

Besides these large deposits of magnetic ore, we 
must mention another not less extensive, that has, 
so far, been scarcely touched for want of fuel in the 
neighbourhood. The Oula-Outasse-Taou Mountain 
is situated on the left bank of the OUural river, at 
the southern extremity of the Oural range. The 
surrounding country is entirely covered by alluvial 
deposits, the high portions of the mountain formed 
of porphyry, diorite, and magnetic ore, rising from 
it like an island, The mineral outcrops, composed 
of magnetite, porphyry, diorite, quartz, conglome- 





rates, &c,, form large masses on the south-east and 


supplies from the Sikowsk bed of oolitic hematite, 
varying in thickness from 2 to 8 metres. The bed 
lies between the strata of the Devonian sandstones. 
The ore yields 68.8 per cent. of Fe, O,. The same 
mineral is again found in a compact and fibrous 
form, along with magnetite, in a lode 3 metres wide, 
that traverses a formation of chloritic schistos at 
Sredne-Chounoutsk (Sergninsk district). It averages 
60 per cent. of metallic iron. 

Brown Hematite is the most abundant ore of the 
Oural range. Hundreds of deposits are known to 
exist in almost every geological formation of this 
great metalliferous district. They have been di- 
= geologically into eight distinct classes, as fol- 
ows : 

1. Small bunches in the plutonic rocks. 








2. Beds found in connexion with the metamorphic 
rocks. 

3. Beds at the junction of the metamorphic slate 
with the silurian limestone. 

4. Contact lodes between the plutonic and the 
metamorphic rocks. 

5. Nests of ore in the lower strata of the silurian 
formation. 

6. Beds in connexion with the carboniferous and 
Devonian sandstone and quartzite. 

7. Nests in the carboniferous and silurian lime- 
stone. 

8. Nests in the alluvial deposits. 

No. 1 deposits are found in the north in the 
greenstone and serpentine formations. ‘Their origi 
is attributed to an alteration of magnetite under 
strong metamorphic action. The bunches found 
are small; nor could the alteration mentioned be 
complete when applied on large masses of magnetic 
ore. 

Nos. 2, 3, 4, and 5 are very similar in appearance, 
and form, as it were,a single group. The following 
mines all belong to this division : 

The Tesminsk deposit, 12 metres thick, is found 
between a mica slate and a quartzite strata. Its 
direction is north 30 deg. east. Its mineral contains 
55 per cent. of iron. 

In the neighbourhood of the Kousinsk foundry 
two mines are worked at Akhteusk and at Kisiagausk. 
The first contains a bed 6 metres thick, yielding ore 
with 52 per cent. iron and 1 per cent. manganese, 
The second, a 10-metre bed, lies in the quartzite 
strata. At the Orlowsk mine, a —_ varying 
from 1.50 to 15 metres, is found at the junction of 
the mica slate with the silurian limestone. And 
thus we could mention many other beds of con- 
siderable size and extent, averaging about 50 per 
cent. of metal, all belonging to this series. 

Deposits belonging to our No, 6 division are found 
in the north and centre districts. We can mention 
here the Kourtimsk mine, where two parallel beds 
placed almost vertically and at 40 metres from each 
other, supply 45 per cent, brown hematite to the 
Kousié-Alexandrowsk foundry. 

The No. 7 deposits are generally argillaceous 
masses that entirely fill large cavities in the lime- 
stone beds. The ore, composed of brown hematite 
and ova, is distributed throughout the mass in nests 
of different sizes. The masses vary in length from 
30 to 150 metres ; their width is generally 50 metres, 
and their depth from 16 to 25 metres. These de- 
posits are found on the east slope of the Oural range, 
and they appear to be more frequent in the carboni- 
ferous limestone than in the silurian beds of the same 
The Government work five of these de- 
The ore contains 


nature. 
posits near the Kamensk furnaces. 
68 per cent. of oxide. 

The alluvial deposits (No. 8) are of little value. 
Some are, however, worked in the neighbourhood of 
the Outkinsk foundry. 

Carbonate of Iron is rarely found in the Oural 
districts. When this ore does appear it is in close 
connexion with brown hematite. Formations of 
this description, averaging 58 cent. of iron, are 
worked at Werkhué-Boulausk, and at Bérésowi ; 
1670 tons are yearly taken from these deposits. 
Spherosiderites are smelted at the Government 
works of Wiatka and Perm. They are found in the 
shape of petrified fish and shells, in clay and sand- 
stone formations. The ore is generally poor, yield- 
ing from 9 to 52 per cent. of metal. The yearly 
output of this mineral is, however, 15,500 tons. 

Manganese Ores are known to exist in many 
districis of the Oural range, but very little data has 
as yet been gathered relating to the geological 
features of the deposit, as well as to the chemical 
composition of the minerals they contain. We have 
already mentioned the ore taken from Sapalsky and 
made use of at the Demidoff Works. In the district 
of Ekatherinembourg a large lode of manganite 1s 
known to exist, but that is all. Further particulars 
are so far wanting. 


LITERATURE, 


Friction and Lubrication, Determinations of the Laws 
and Coefficients of Friction by New Methods and with 
New Apparatus. By Roperr H, Tourston, A.M., 
C.E. mdon: Triibner and Co. ‘ 

Proressor THURSTON commences his treatise by de- 

fining friction as of three kinds, viz., rolling and 

sliding friction with solids and fluid friction with 
liquids and gases, and he then proceeds to sum- 
marise some of the chief data which have been re- 
corded by former experimenters with regard to 
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frictional resistances. Dealing first with rolling 
friction, he refers to the experiments of Coulomb, 
Morin, Tresca, &c., and to the deductions of Clark, 
Whinery, and Chanute respecting the resistances 
of railway trains, and he then proceeds to treat of 
the laws which govern sliding friction and to de- 
scribe some of the modes which have been employed 
to determine that friction, In connexion with 
this part of the subject, the results of Morin’s and 
Rennie’s investigations are quoted, while those of 
Mr. Westinghouse’s and Captain Galton’s experi- 
ments on railway brakes are taken as illustrating 
the laws of abrading friction. The friction of 
leather belts and that of pump pistons is next 
briefly considered, and our author then proceeds to 
deal with journal friction and the action of lubri- 
cants. Respecting the characteristics of lubri- 
cants of different kinds Professor Thurston gives 
much interesting information, while he also de. 
scribes modes of purifying oils which have been 
once used and treats briefly of the limits of pres- 
sure on different classes of bearings and of modes 
of oiling. The discussion of the modes of testing 
oils, which forms the chief feature in the book, is 
then entered into. 

Professor Thurston divides the testing of an oil 
or lubricant into the determination of eight inde- 
pendent facts as follows: (1) Its identification 
and the detection of adulteration ; (2) the measure- 
ment of density; (3) the determination of its 
viscosity ; (4) the detection of tendency to gum; 
(5) the determination of temperatures of decom- 
position, vaporisation, and ignition ; (6) the detec- 
tion of acidity ; (7) the determination of the co- 
efficient of friction; and (8) the determination of 
its endurance and its power of keeping the surfaces 
cool. As our author justly observes, the carrying 
out of the first of these tests—namely, the identifi- 
cation of the lubricant, and the determination of 
its freedom from adulteration—is in many cases all 
that is required, as the consumer is certain that if 
the oil is what it professes to be, it will serve this 
purpose. The identification and adulteration tests 
are both chemical and physical, the latter preceding 
the’ former, and including really the tests named 
under the second and fifth of the headings named 
above. In dealing with the identification of oils, 
our author gives an account of modes of determining 
the density and of applying the “fire test,” the 
apparatus of Tagliabac, and those of Millspaugh 
and of Bailey beingillustrated and described. Acid 
tests and the beautiful method of identfying oil by 
observing the ‘‘cohesion figures” formed by them 
when deposited on the surface of water—a method 
which has been systematically developed by Dr. 
Moffat—are also dealt with. To determine the 
gumming and drying properties of oils, Professor 
Thurston advocates Napier’s test, which consists in 
determining the distance which a drop of the oil 
under test will run down a slightly inclined plate 
in certain times. Examples are given of the appli- 
cation of this mode of testing, and a modified 
apparatus acting on the same principle, and made 
by Mr. W. H. Bailey, is also described. 

Our author next enters into a consideration of 
the chemical analysis of oils, and gives instructions 
for the carrying out of such analyses together with 
Tables showing the reactions which occur when oils 
are subjected to the action of re-agents. Various 
machines for testing lubricants are next described, 
the descriptions including McNaught’s, Ingham and 
Stapfer’s, Bailey’s, Hodyson’s, and some machines 
designed by the author and used at the Stevens 
Institute of Technology. The first of these latter 
machines is one of a type suggested by Professor 
Thurston, but the detailed design of which was 
worked out by Mr. J. A. Henderson, then a student 
at the Stevens Institute, This apparatus, which 
was illustrated and described by us on page 176 of 
our twenty-third volume, is a very efficient one for 
its purpose, and some valuable data have been col- 
lected by its use. Professor Thurston remarks 
that on testing lubricants it has been the general 
practice to continue running the testing machine 
until the bearing to which the lubricant under trial 
had been applied reached a certain temperature, and 
to take the number of revolutions made up to that 
time as a measure of endurance, This method of 
procedure, our author points out, however, affords 
misleading results, as careful experiments have shown 
that there is no definite ratio between the rise of 
ee and the real endurance of the lubricant. 
Professor Thurston’s plan is to estimate the value 
of a lubricant by the length of time it will continue 
to lubricate and prevent abrasion of the testing 


journal, and he gives information as to the pre- 
cautions to be taken in ge 1 out this mode of 
trial. The second machine of Professor Thurston’s 
of which a description is given, is what the author 
terms his ‘‘ railroad machine ;” this is of the same 
type as the first, but it has a testing journal of the 
same size asa standard car-axle. Tablesillustrative 
of the mode of recording tests made by the machine 
just named are also given. 

Professor Thurston has carried out at the Stevens 
Institute of Technology a very extensive series of 
experiments on lubricants and the frictional resis- 
tances obtained under different conditions, and an 
account of some of these researches and a summary 
of the conclusions derived from them occupies the 
latter part of the book under notice. These con- 
clusions are of much interest, and we may sum- 
marise some of them here. In the first place Pro- 
fessor Thurston concludes that so long as abrasion 
is avoided the percentage of frictional resistance of 
bearings in good condition becomes less as the load 
per unit of area is increased. He also finds that 
the condition of a journal is of very great impor- 
tance, even a slight scratch having a wasteful effect. 
For general purposes he concludes that the fric- 
tional resistance of good bearings may be taken as 


0.08 ,, 0.10 


from ——= to ——, in which p equals in load per 


Vp Wp 
square inch of bearing. The coefficient of friction 
of rest or starting (=/') he gives as averaging 
™=0.02 ¥ p for crude mineral oils of good body, 


‘and f'=0.015 4p for lard oil. As regards the in- 


fluence of speed, he states that at very low speed 
the resistance decreases rapidly with the increase of 
velocity, while at higher speed the decrease is more 
slow until a point is reached where the law changes 
and increase of speed causes a slight increase of 
frictional resistance. As regards temperature, a 
rise in temperature causes an increase in frictional 
resistance with speeds of from 30 ft. to 100 ft. per 
minute, while at higher speeds the opposite effect 
is produced. To determine the economic value of 
any given lubricant to a consumer Professor 
Thurston insists that it is necessary that it should 
be tested under conditions fairly representing those 
under which it will be used in practice, and he 
points out plainly how the use of cheap lubricants 
in place of being an economy may frequently turn 
out to be the source of considerable money loss, 
owing to the increase of friction which they involve 
and the consequent increase of load put upon the 
engine. Altogether Professor Thurston has pro- 
duced a very useful little book and one containing 
much information not to be found elsewhere. 





COAL WASHING. 
(Continued from page 203.) 
Tue practical conclusions arrived at from the ex- 
periments already referred to—in regard to the use 
of the ordinary piston jiggers, or of any other appa- 





ratus acting by filtration of the water through the | ( 


charge—are that, while they are essentially suited 
for washing poor slack, there are special limits to be 
observed in the preliminary riddling, and the slack 
should on no account have the dust riddled out of 
it before washing; but that these machines are 
disadvantageous for washing rich slack, or stuff 
riddled through too coarse a mesh, or coal from 
which the dust has already been riddled out, 

Prior to the experience which led to the foregoing 
conclusions, a trial of Bérard’s apparatus was made 
about 1851 at the company’s two principal esta- 
blishments at Molitres and Bességes, in the hope of 
getting better results from this machine than from 
the ordinary piston jiggers, both in quantity of coal 
cleaned and in degree of cleaning effected. Al- 
though this hope has not been realised, the merit 
must unquestionably be accorded to M. Bérard of 
having, by his remarkable adaptation of mechanical 
means, given an impetus to the simplification of the 
labour bestowed upon the mechanical preparation 
of coal. 

The Bérard washer was started in 1863, and 
worked regularly for three years, giving the results 
recorded in Table VL., on page 262, as compared with 
the ordinary jiggers, in washing slack that had been 
riddled through a mesh of 1 in, (25 mm.). 

A comparison of these results shows a clear dif- 
ference of 1} to 2 per cent. in the proportion of ash 
in the washed coal, in favour of the ordi jiggers 


treating the same stuff ; the cause of this difference 





is now understood. 





With the Bérard washer the shale was more 
coaly, while on the contrary the slimes were less so. 
This is explained by the fact of the shale bein 
accompanied by all the heavy and shaly bits of 
which are recovered in the re-washing of the shale ; 
it also arose from a layer of shale having been kept 
permanently on the sieve of the washer and from 
the speed of working the machine, whereby the 
suction was diminished. On the other hand, the 
machine being a continuous jigger, the stream of 
water ing off at the overilow above the sieve 
carried away a further quantity of slimes containing 
a considerable amount of coal, This was ascer- 
tained by constructing near the machine a long 
array of settling troughs and tanks, arranged on the 
principle of the conical vessels used for emery sort- 
ing. Table VII. records the percentages of ash in 
the slimes so caught in each of the fourteen suc- 
cessive settling tanks, starting from the one nearest 
the washer. 

The slimes caught in the first tank formed 10 to 
12 per cent. of the whole quantity, and were in 
a state fit for mixing with the washed coal, without 
increasing the proportion of ash in the latter by 
more than about $ per cent, But the remaining 
90 per cent. of the slimes from the overflow was 
only mud, hardly worth saving, though representing 
about 5 per cent. of the raw coal treated. 

By examining the proportion of slimes carried 
off and their percentage of ash, it can be ascertained 
also what effect is produced upon the degree of 
cleaning of the coal by the modification which has 
been introduced into certain machines having an 
overflow, and more or less resembling the Bérard 
washer, the object of the modification being to get 
almost the whole of the slimes deposited upon the 
washed coal, so as to save them along with it. Such 
a plan would evidently not be suitable for poor 
and clayey slack like that at Bességes. 

All arrangements of the sluices in the Bérard 
washer were tried, and every possible care was 
taken in its working to render the shale cleaner or 
less coaly, and to reduce the percentage of ash in 
the washed coal to the same level as with the 
ordinary jiggers, but without practical results, 
However, by reducing the production one-half, 
limiting it to 25 tons per day, the proportion of 
ash in the washed coal was diminished 2 per cent. 
on one year’s working, as shown by the results 
given in Table VI. for the year 1866. The slower 
speed of working rendered the suction more effec- 
tive, which — explains both the superior clean- 
ing of the washed coal and the accompanying 
augmentation of the loss of coal in the slimes. The 
machine proving thus no better in these respects 
than the ordinary jiggers, was abandoned at Bességes 
at the end of 1866; and it was determined to try 
a new plan of washer at Molitres, which will be 
described subsequently. 

An endeavour was then made to utilise the 
machinery of the abandoned Bérard washer by 
modifying the apparatus in such a manner as to 
adapt it for washing the chestnut coal of } in. to 1} in. 
20 mm, to 40 mm.) previously treated under very 
unfavourable conditions in the ordinary jiggers, the 

ulsations of which were not strong enough for this 

ger size of stuff. 

his new arrangement we illustrated by Figs, 19 
and 20, on page 201 axe, and in regard to the actual 
washing, it retained none of the characteristic 
features of the original machine, The original 
small round iron piston was replaced by a large 
rectangular one loaded with weights, working 
within a cast-iron chamber lined with wood, As 
in Revollier’s machine, the piston was raised slowly 
by a cam, and then let fall suddenly, producing a 
pulsation strong enough to lift the charge on the 
sieve to a considerably greater height; the speed 
of working was at the same time reduced to 30 
or 35 jigs per minute, instead of 100t0120. The 
bucket elevator supplying the stuff to the machine 
was fitted with a distributing spout of simple con- 
struction, by which the supply was controlled and 
kept uniform; the washed cal was delivered by the 
bucket chain of the original machine, The shale 


was dropped through a narrow slot in the sieve into 
a pocket underneath containing a creeper, by which 


it was discharged into a receptacle at one side of the 
hutch, whence it was lifted by a bucket chain 
passing directly under the view of the attendant, 
who could thus continually watch the quality of the 
shale. The slimes were disc through the 
ordinary sluice at the bottom of the hutch, 

The machine thus modified worked without 
renewal of the water and without any current. The 
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filtration which takes place downwards through the | Tastr VIII.—Washing of “Chestnut” size of Ccalin | provement in the washirg of the chestnut coal at 
on in the return stroke as in the ordinary jiggers, Modified Bérard Washer. ixssdges. The washed chestnuts were very fairly 
was here very rapid, owing to the large size of stuff freed from shale, and the shale was very thoroughly 
treated ; but no air was drawn in downwards, not- | Percentage of Ash. deprived of coal; but on the other hand the slimes 
withstanding that the piston was lifted by indepen- — —___.— continued very rich in coal. This serious defect 
dent mechanical means, instead »f by the return al | | should no longer be matter of surprise, after what 
motion of the water itself. With this machine one + tne = Phe: ner Shale. | Slimer. | has already been said on the subject ; but the value 
man was able easily to treat 60 tons to 70 tons of un. : of the coal thus lost will be appreciated when it is 
washed chestnuts in ten hours. | Per cent. | Per cent. | Per cent.| Percent. | considered that the washing of the chestnuts at 
In Table VIII. are given the results of eight | 1870 12.35 65.81 28.53) | Bességes in the modified Bérard apparatus yielded 
years’ — of this machine at Bessiges. The = 12.64 69.48 | 39.45 | from 9 to 12 per cent, of slimes, half of which, as 
percentage of ash in the washed chestnut coal 1873 | bey py ap bs 82 | will subsequently be shown, was proved by re- 
may appear high; but this arises largely, as pre-| 4974 26.00 14.58 69.27 | 33.26! washing on a practical scale to be coal containing 
viously pointed out, from the essential nature of | 1875 16.70 70.86 | $2.82) only 15 to 20 per cent. of ash, and was thus at least 
this size of coal, which, though by no means shaly, 1876 17.63 73.57 as good as the raw coal from the pit. The import- 
contains relatively a larger ) ewer of ash. 1877 14.55 70.39 | ance of this loss has now decided the final abandon- 
This modified apparatus effected a substantial im- satialamdingis ment of the whole apparatus. 
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MASON AND ALCOCK’S ECONOMISER. 


CONSTRUCTED BY MR. MICHAEL ALCOCK, ENGINEER, MANCHESTER. 


(For Description, see Page 262.) 
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As already stated, in consequence of the trial | which had become necessary for the mechanical 
made of the Bérard washer in comparison with the | preparation of the coal raised at Molitres, These 
old jiggers at Besstges, it had been determined to | washers are shown in the illustrations on the oppo- 
try a new arrangement of washers in the works | site page. 





Fig #. 
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The superior degree of cleaning effected by the 
ordinary piston jiggers, as com with «ll other 
washers, was the guiding principle kept in view in 
the erection of the new coal-washing plant in 1867, 
consisting at first of only four washers ; two more 
of the same construction were added in 1876. These 
were designed with the object of preserving all the 
essential features in the working of the ordinary 
jiggers, and at the same time of remedying various 
imperfections of detail. 

The principal points to be noticed in the coal- 
washing works at Molieres (fully illustrated by us 
on pages 84, 85, and 96 oy are the following: 

a. ‘The arrangement of the trommels below the 
ground level, and of the hydraulic apparatus for 
tipping the wagon-loads of stuff into the trommels, 
and of the bucket chain raising the riddled 
slack from the trommels to the washers, a travelling 
belt conveying the slack to the lower end of the 
bucket chain, from the upper end of which it is de- 
livered into the washer by a special distributor. 

b. The large size of the receiver beneath the sieve 
of the washer, so that the water shall not become 
too heavily charged with mud by the accumulation 
of slimes from a whole day’s washing. The entire 
washing machine being all above ground is favour- 
ably situated for being kept always in good working 
order; and the slimes are emptied out of the re- 
ceiver without having to remove the sieve, which 
remains undisturbed. The driving shaft carrying 
the eccentrics for working the machine is con- 
veniently placed underneath the bottom of the re- 
ceiver, out of the way of the attendant. 

c. ‘The special arrangement of the’floating piston 
of the machine, and the means of stopping its work- 
ing at pleasure. 

d. The coupling of the washers in , 80 as to 
allow of two machines being served by one at- 
tendant, and by a single bucket chain for discharg- 
m6 The mode > a le 

e. The mode of regulating or varying at pleasure 
the supply of stuff to the walle te iaeloe of a 
special distributing apparatus, by which the slack 
is caused to fall in a shower into the water, and 
thus to become at once thoroughly soaked, in 
readiness for undergoing the desired sorting by 
equivalence, 

/. The direction of the travel of stuff over the sieve 
is alongside the length of the piston ; and the length 
of the sieve is made sufficient to insure the stuff re- 
ceiving at least 200 pulsations during its 
over the sieve, when 30 tons of washed coal are 
being produced from each washer in 10 hours. 

. The addition of a special compartment, from 
which the heavier and more shaly portions of the 
coal that are wished to be separated from the 
washed coal and refuse shale, can be removed at 
pleasure by the attendant, © 

h. The optional discharge of the shale by the 
difference of height of two columns or layers of stuff 
in two compartments communicating with each 
other, as previously referred to in connexion with 
the jigger for re-washing coaly shale, The shale 
so discharged from the machine is removed under 
the eyes of the attendant by a small bucket chain, 
as shown in the figures, 

i. While preserving the principle of filtration of 
the water through the charge, the machine is a 
strictly continuous jigger, though without any 
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Taste VI.—WaAsHING OF RIDDLED StAcK IN ORIGINAL BERARD WASHER AS COMPARED WITH 


ORDINARY JIGGERS. 


(See page 259.) 












































PERCENTAGES OF ASH. 
WasHER. Year. 
by sony | Washed Coal. Shale. Slimes. 
Per ont. Per cent. Ber cent. Per cent. 
Bérard Washer. 
Monies Per day of washed} | {ies | saga | tossy2054 | Sx77 $5896 59.99} 09-79 
25 tons per day... 1866 25.34 eee 8.67 .. 53.38 -. 81 
| 1864 26.64 | 8.83 63.79 49.50 
Ordinary Sager at Besbgee ban Ha | oat 8.43 50-41 1.17 | 52.64 ag. 
TasLe VII.—PercentacEs or ASH IN THE SLIMES FROM THE BERARD WASHER. 
Nemberoftesk| 1. | 2 | 3. | « | s fe f}2fea!s |w |u| a | as. | 





25.70 | 25.80 25.80 28.00 28.50 28.30 30.70 | 32.72 | 34.80 





current of water ; and no water is lost except what 
is carried off in the washed stuff. 

j. The sieve of the washer is completely isolated, 
and always protected from direct contact with the 
stuff to be washed, by a permanent layer of shale 
upon it. 

k. The shale and coal sink gradually to their 
respective equivalent levels in the charge on the 
sieve, without the coal ever going too far down and 
having to make its way up again; the consequence 
is the cleaning of the dust upon the coal, as in the 
I{uet and Gueyler machine, but without any of the 
inconveniences of a current of water. 

i. The thickness of the layer of shale upon the 
sieve increases but slowly, owing to the large area 
of the sieve; and the pulsations act with less and 
less force upon the stuff as it traverses the length 
of the sieve from the point of supply to the end 
where the washed coal is delivered. 

m. The machinery is all kept entirely out of the 
way of the attendant, who can get close to the 
washer for whatever wants doing, and for regulating 
the working as required by means of a shovel, as in 
the ordinary jiggers. 

a. The whole is so arranged as to deliver all the 
products into the small wagons of the works, or if 
desired into the large railway wagons. 

Before the addition of the two last washers, the 
stuff raised from the trommels by the bucket chain 
was fed by a screw creeper into the hoppers of the 
four first washers. The lengthening of the shop for 
the two additional washers led to the abandonment 
of this mode of feeding, which, besides the power 
it required, was attended with the serious objection 
of increasing the quantity of dust, owing to the 
friction of the stuff against the creeper and 
the trough, The plan now adopted of conveying the 
stuff to the washers in a wagon of large capacity is 
simple and inexpensive, requiring only one man for 
supplying the whole shop. 

The use of only a single bucket chain to raise the 
stuff from the trommels prevents the possibility of 
dealing separately with the different sizes and 
qualities of the riddled stuff; this is a defect in the 
arrangement, and will shortly be remeved by the 
erection of a lift or elevator, like that employed at 
Bességes. 

The cleaning out of the slimes from the receivers, 
although facilitated by the arrangement that has 
been dezciibed, still continues to be an incon- 
venient job and relatively expensive to be done at 
night. An endeavour is therefore going to be made 
to discharge the slimes during the working of the 
washers, by means of sluices opening into a trough 
situated underneath the bhutches., 

Such are the advantages and the weak points of 
the washers at Molitres, as ascertained by ten years’ 
working. 

Referring to the illustrations of the washers at 
Moliéres given on page 260, Fig. 23 isa plan, Fig. 24 
a section on line E F, Fig. 25 a section on C D, and 
Fig. 26 a section on line A B, We have already, in 
our illustrations of the washing plant, shown the 
positions occupied by this apparatus. -It will be 
eeen that the piston is rectangulur, and that motion 
is imparted to it by means of the eccentrics mounted 
on a shaft placed beneath the tank. The coal is 
fed in through a hopper by means of a roller 
(Fig. 26) on to the inclined washing table, and by 
the pulsations of the water the schists are gradually 








separated, and fall into the compartment reserved 
for them (Fig. 25), where they are raised by an 
elevator and discharged into the wagon beneath. 
The washed coal is removed by the screw at the 
end of the washer, as shown. 

(To be continued.) 








MASON AND ALCOCK’S ECONOMISER. 

WE give on page 261 engravings of an arrangement of 
fuel economiser patented by Mr. 8S. Mason, Jun., and Mr. 
M. Alcock, and constructed by Mr. Michael Alcock, of 
the Windsor Bridge Iron Works, Pendleton, Manchester. 
As will be seen from our illustrations the apparatus con- 
sists of a series of wrought-iron pipes B, Figs. 1, 2, and 3, 
placed horizontally across the upper part of the flue, these 
pipes being connected at the ends by cast-iron junction 
pieces A A, held up to the ends of the pipes by the cross-tie 
bolts C C, which are cottered up as shown. There are 
in the economiser illustrated two layers of pipes, which 
are coupled up so as to form a continuous circuit which 
the feed-water traverses from end to end. Cross walls 
MM, Fig. 1, serve to deflect the gases upwards amongst 
the tubes of the economiser, the latter being very favour- 
ably placed at the top of the flue. 

The construction of the scrapers by which the tubes 
of the economiser are kept free from soot, &c., is shown 
by the detail views, Figs. 4,5, and 6. In these views the 
tubes of the economiser are lettered D, while the scrapers 
will be seen to consist each of two parts A and B, the 
former being supported by the bar C, and counterweighted 
so as to press on the lower half of the tube, while the 
other part B is kept in contact with the upper portion 
of the tube by its own weight. The arrangement is very 
simple and effective. 

The gear by which motion is given to the scrapers is 
shown by Figs. 1 and 3. In these views the bars carry- 
ing the scrapers are marked E, and they are carried, as 
shown, by the hanging brackets F fixed to the racks O. 
These racks are geared into by the pinions GG, fixed on 
a shaft which also carries a worm-wheelasshown. This 
worm-wheel is driven by a worm on a short vertical 
shaft, having at its upper end a bevel wheel into which 
two bevel pinions gear. These pinions are loose on a 
short shaft carrying the belt pulley K, and each is alter- 
nately made the driver by means of a clutch shifted by 
the reversing arrangement shown. In this way a 
slow to-and-fro movement is given to the scrapers. 

The arrangement of economiser we illustrate is one 
which is very accessible for examination. By opening a 
blow-off cock (not shown in our engravings) and lift- 
ing the boiler feed valve, it can also be regularly blown 
out at boiler pressure, and a thorough scour can thus 
be obtained, 








THE STRENGTH OF RAILWAY BRIDGES. 
To THE EDITOR OF ENGINEERING. 
S1r,—The safety of bridge and other structures is re- 
garded by engineers from two different points of view. 
According to the one it is the ordinary limit of elasticity of 
the metal, and according to the other it is the resistance to 
fracture, which represents the strength of the structure. 
The former point of view is held, to judge from his last 
letter, by Professor Kennedy, and I have reason to believe that 
he is by no means the only defender of it. The latter point of 
view is held by the majority of engineers, and to this ma- 
jority | belong myself. I fear [ could not, within the space 
of a letter, do full justice to my arguments in favour of 
this point of view, because it would involve a somewhat 


-elaborate discussion of the reasons why factors of safety 


are in practice applied to structures. ‘These reasons were 
briefly stated in my article (see p. 179 ante), while a full dis- 
cussion of them would require much greater thoroughness 
than could be attempted on that I may, however, 
mention that a considerable part of the argument would 
rest upon the difference between the iron bar in the labora- 
tory and the iron bar in the bridge. The former comes 








immediately from the manufacturer ; its smallest sectional 
area is uniform over such part of its length as will receive 
special attention during the experiment. As it is, for 
argument’s sake, made of iron of 20 tons breaking strain 
with a limit of elasticity of 10 tons, it bears, if sound, this 
latter strain without stretching. This bar, when made to 
serve a practical purpose during the time and under the 
conditions of an ordinary experiment, requires no factor of 
safety. If unsound, i.e., if there is for example a flaw, 
reducing its sectional area at one point to one half, it breaks 
under a strain of 10 tons on the supposed area without 
stretching (materially). 

The iron bar in the bridge—I am now describing a 
typical case—is a diagonal tie in the main girder. We 
suppose it has no flaw, but we do not know ; there is som». 
thing amounting to a flaw, viz., the rivet holes which 
reduce the sectional area at that point to five-sixths. This 
is the available or net area of the bar, designed to be :n 

roportion to the tensile force acting init. This bar would 
ra strain of P 


3 x 10=12tons 


per square inch on the net area without stretching, if it 
were sound; but, asit has served in the bridge for a great 
number of years, itis found to be no longer sound through- 
out. For the greater part of its length, being protected 
by paint, it has lost nothing of its width or thickness, but 
at the junction with the bottom flange of the girder the 
— is cracked or peeled off altogether, and, as rain-water 

as free access, corrosion is going on; this. moreover, is 
only a repetition of what has happened every time before it 
was considered necessary to renew the paint. The conse- 
quence is, that by corrosion the sectional area is reduced to 
one-half of the net area, or 


of the gross area. In this condition the bar might still 
resist—leaving out the question of repeated strains—any 
strain smaller than the breaking strain on the now avail- 
able area, without stretching, because the strain in the 
other parts of the bar would at the same time only be 


is x 20=8.33 tons per square inch. 


The designer of the bridge had foreseen that the bar 
would be subject to corrosion, and therefore he calculated 
it with a factor of safety of 4, so that there should be on the 
net area only a strain of 5tons per square inch while it 
was new. He justly did not expect that the bar would by 
corrosion or by flaws ever be affected in such a way that its 
redaced sectional area would extend uniformly from end 
to end. He had other reasons for his factor of safety of 4 
besides the local reduction of area, for example, the un- 
certainty as to the acting forces, but it was his principal 
reason. Now, according to the view of those who make 
the ordinary limit of elasticity their basis of strength, the 
bar in question has arrived at its limit of strength, because 
there are 10 tons strain on the net area. But there can 
be no doubt that for all practical purposes the bar—if it 
has not been strained a great many times—has arrived only 
at half its limit of strength, indeed, at less than that, if by 
any chance the metal, at the point where the area is 
reduced, should be or should have become of better quality. 

lf this bar is the weakest part of the structure, and if 
the condition here described represents the actual condition, 
the structure will not break down or stretch out of shape 
under anything less than double the load. This is the one 
thing of importance ; the question, whether the limit of 
elasticity of the iron lies at 10 tons or at a higher figure, 
has nothing to do with the case. 

So long as it was assumed that the limit of elasticity of 
this class of iron was always at 10 tons and its breaking 
strain always at 20 tons, both sections of engineers worked 
together in harmony. One section, indeed, worked with a 
factor of safety of 2, while the other worked with one of 
4, but the result was the same, and the question of in- 
crease of strain by impact and other questions did not 
materially affect that harmony. But from the time when 
it was ascertained that the limit of elasticity is raised undir 
certain conditions, and that the breaking strain is lowered 
under certain other conditions, it has become a matter of 
dispute whether the limit of elasticity or the resistance to 
fracture is the proper basis. To my mind, however, it 
appears that both facts thus established, point in the 
direction of the resistance to fracture as the proper basis 
for the calculation of the strength of ——. 

. AM ENDE. 

3, Westminster Chambers, March 31, 1880. 

—_—_—— 
To THE EpITorR oF ENGINEERING. 

S1r,—The subject of the letters of Professor A. Kennedy 

and of Mr. M. am Ende which have recently appeared in 

our journal deserves to be more extensively discussed in 
England than it has been hitherto. The skill Shes in 
the design of Wohler’s testing machines is in itself almost 
a guarantee of the high value of the experiments conducted 
presumably by the designer. There is no doubt whatever 
that the experimental investigation which has been carried 
on by Wahler and those working with him with so much 
skill and patience, is one of the very highest degree of 
importance in the present period of the history of engineer- 
ing design. I have no hesitation in believing that these 
and other kindred and similar investigations will furnish 
the experimental data for a new science which will in the 
not very distant future rule our calculations of the strength 
not only of motionless structures but also of moving 


machines. 

But it is quite another question whether the rules 
formulated by Launhardt and Weyrauch are the proper 
ones to represent the facts of the experiments. I wish to 
speak with the utmost modesty and the greatest willingness 


to be corrected if I am wrong, because I have never had 
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any opportunity of examining the original memoirs of these 
gentlemen except through the medium of an American 
translation, which was quite ——_ a very bad one. 
But so far as I could make out, although they quite clearly 
understood the general tendency of Wéhler’s experiments, 
these gentlemen seem to have taken no trouble to make 
their formuls agree closely with the experimental results. 
In fact, the formula seems to me to be more the product of 
pure imagination than to be based on the experiments. 
The first formula that suggested itself to an exceedinzly 
simple ——— seems to have been seized upon without 
any special reference to its suitability to represent the 
experimental facts. As Mr. M.am Ende saysin his letter in 
your issue of the 19th inst., the formula can, of course, be 
made to agree with the extreme results of any particular 
set of experiments. That is merely a matter of choosing 
properly a certain coefficient. What I, andI dare say some 
others, would like to know, is whether this formula 
with even a very rough degree of approximation with the 
intermediate results. 

The rules may be more easily comprehended when they 
are represented graphically. 

Fig. 1 represents Launhardt’s rule, viz. : 


A=U (a+8 c ) 
A 
The horizontal ordinates from L to M are the various 


values of the ratio x the minimum to the maximum 


stress. The vertical co-ordinates from the base line L M 
to the slanting straight line N P are the corresponding 
values of A. The vertical [co-ordinates from L™M to the 
curve L P are the corresponding values of C. The curve 
LP isa parabola whose inclination at P is 23 times its in- 
clination at L. 
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_Fig. 2 represents in the same way Weyrauch’s rule ; 


viz. 
A=U (+45): 


Here again the curve L P is a parabola whose inclination at 

is two times its inclination at L. 

The vertical distance between the straight line N P and 
the curve L P ——— the range of the oscillation of 
stress ; that is, the greatest possible range (or rather just 
outside the greatest possible range) consistent with perma- 
nent resistance to breakage and at the same time consistent 
with the higher stress-limit of the oscillation reaching to 
that indicated by the straight line NP. Thus su ores the 
range of stress-oscillation to be a b that intercep’ tween 
N Pand the curve L Pon the vertical ordinate 0.6. Setting 
aside considerations of factors of safety, this range ab of 
oscillation would be a safe one so long as the lower stress- 
limit was less than the height of the curveata. The figure 
shows the greatest safe oscillation (namely U=LN) to be 
when the lower limit is nothing. As the range of oscilla- 
tion becomes smaller the upper safe stress-limit increases 
and the lower stress-limit, of course, also increases still 
more rapidly. When the upper limit has been pushed up- 
wards to a.certain point (M P) the safe range of oscillation 
is diminished to zero. M P isthe ultimate stress which the 
material can just not bear without breaking, even when 
it is not exposed to the additional danger of variation of 
stress, i.e. when the load is applied carefully and quietly 
and maintained in a quiet uniform condition. 

The two points at which Mr. Launhardt makes his 
formula agree with the experiments are LN and M P. 
What I should like to ask Mr. am Ende, or any one else 
who has studied the experiments thoroughly, is whether the 

rabolic curve drawn between L and P is the correct curve 

represent the intermediate experiments? So far as what 
T have seen written on the subject—which I again confess 
is little—indicates, this curve has been chosen quite at 
random. For instance, a straight line between L and P 
might perhaps come just as near the trath. 
eyrauch changes the fraction § into } in order to make 
allowance (as I understand it) for accidental unforeseen in- 
crease of the upper stress-limit. The advisability of 
making this change is, of course, a matter of judgment. 
I will only point out that the beautiful simplicity of the 
fraction ¢ would be apt to create a suspicion in the minds of 
some people that perhaps no very cautions judgment was 








exercised in the choice of that particular fraction. But I 
have particularly failed to find any justification whatever 
for Weyrauch’s arbitrary extension of the application of 
his formula to oscillation which through zero stress, 
that is, when the material is alternately under com ion 
and tension. This extension of the rule is, I understand 
(if it is otherwise I shall be glad to know that I am wrong), 
wholly due to the a of the philosopher, there 
having been no available experiments to guide him in this 
direction. Ifthe above parabolic curve be extended into 
the negative side of the figure, it leads to results that are 
evidently absurd. 

I agree altogether with Mr. am Ende that “‘ it is high 
time that something should be done in earnest to establish 


sounder rules for the calculation of strength,’’ not only of | will be 


railway bridges but also of boilers and of the of ma- 
chinery. But, Sir, I submit that the proper thing to do is 
not to coin rules out of the imagination, but to persevere in 
careful and patient experiment, and to watch narrowly and 
to study an —- osely the results until the true in- 
timate laws of the stress and fatigue of materials are 
revealed. 

The chief point raised by Professor Kennedy seems to me 
to be this, What should be regarded as the proper factor of 
safety in any particular case? This is a fair question, the 
answer to which appears by no means clearly, at least at 
first sight ; and I must say, with all due respect, that I 
think Mr. am Ende is in error on this point in adopting the 
formula given in his letter of March 19th. 

The difficulty will be understood more clearly by reference 
to the diagram. Suppose the stress at the point b in Fig. 1 
to be 20 tons per square inch, and that at a, therefore, 
0.6 x 20=12 tons per square inch. 
actual stresses applied to a bar in a particular case = 
between 5 and 3 tons per square inch. Here #=0.6; 
5=*2, and 3=%%. If I mistake not, Mr. am Ende 
would say that the factor of safety in this case was 4. In 
fact, he simply reduces the vertical scale of the whole stress 
diagram in the reciprocal ratio of the factor of safety. 
But in reality the stress 3 tons per square inch has nothi 
but an imaginary arithmetical reference to the point a, 
which has only a real significance for the stress 12 tons. 
The stress 3 tons would be found a little to the left of the 
ordinate 0.2. Here the up) stress limit on the line N P 
is rather less than 5 x 3=15 tons, and the maximum 
stress being 5 tons, it ap to me much more proper 
to say that the factor of safety is only 3 instead of 4. 
Of course, I am here pens. | on the assumption that 
Launhardt’s curve oir properly represents the facts of 


the case, about which I confess I am doubtful. 
It may be interesting and possibly useful to point out 
that the tangent at L of the parabolic curve LP is Ln 


where M n=LN. 

Apologising for the length of this letter, the only excuse 
for which is a desire to set forth as clearly as I can an im- 
portant — subject, and the difficulties in which it 
is involved, and thanking you in anticipation for your 
kindness in affording space in your valuable journal for its 
insertion, 

I am, Sir, yours truly, 
Ro. 


BERT H. SMITH. 
Lucca, Italy, March 22. 





WIND PRESSURES. 
To THE EpIToR OF ENGINEERING. 

S1z,—The pressure caused by wind on a solid body is the 
resultant of the barometric pressures at all points of its 
surface, and of the friction of the moving air against it. 

On a plane surface perpendicular to the direction of the 
wind, and without thickness, the resultant of the barometric 
pressures will be the difference between the sum of the 
pressures on the front or windward side, and that of those 
on the rear or leeward side; and there will be no friction. 

On a parallel-sided plane surface of indefinite length, 
given breadth, and no thickness, the front pressure on a 
eg length will be the sum of the pressures on a breadth 
ine A B (Fig. 1) multiplied by the giver length. Consider 

















AB as drawn at a height above a datum representing th® 
barometric height in the free wind; if on the same scale 
the barometric heights at different points along A B be 
plotted, the line described by the points so found, and the 
straight line A B will between them contain an area which 
will represent the increase of pressure caused by the wind on 
that straight line. At the ends A and B, the pressure will 
be the same as in the free wind; at the centre C it will be 
at its greatest; and, taking guidance from the observed 
effect of moving water on a square-headed pier, the line 
joining C with A and B will bea curve concave towards A B. 
Bisect the plane by a line parallel to its sides, and insert 
another plane of equal breadth between the halves of the 
first one (as on Fig. 2.) The pressure at the sides of the 
added plane being already raised to C C', that at the centre 
point D will be the same height above C C' as is C above A B; 
or the ratio of the height of the curve to the breath of the 
plane will be constant for the same velocity of wind ; a 
the curve A D will be of the same nature as A C, and will 
touch it at A, and the angle ? made by the tangent at A 


Now, suppose the | 4, 


nd | seems necessary to know the true ratio in 





Li 
with A B will be constant whatever may be the length of 
the latter. Co: any ie Save Ser as pee ee 
the area contained by it, which represents the front increase 
of pressure, will be 
AB? tan. 9. 


3 
And to whatever height the barometric 


be 
raised above A B in front, behind it they will be depressed 
to the same extent below, and their heights will describe a 


revi curve A D' B equal* in every respect to A D B; 
and the resultant pressure on. B wil torepeesantea by the 
whole area A D B D' Sa 

tan 


3A C 
Then if b be the breadth of the plane, and 1 a given length 
not including the ends, the space representing the pressure 


? . 
. } 571 tan. 9. . : . 
But if the plane be of a definite length with free ends, 
take first when it is a eaere, the space will be, 
» 2, ; er (2) 
And when the length L is greater than 6, L-w=1, and 
the pressure space will be, 
— +e ten. —. . (8) 
And in a similar way the spaces representing pressures 
on different plane forms, such as junctions and i 
of bars, &c-, may all be found with reference to tan. 9. 
Then taking P as the pressure in pounds on a square 
whose side is afoot, and v asthe velocity in feet per second, 
(s pound, a foot, and a second being units,) from (2) we 
ve, 
‘ Tan?=—4P... ; i. 
And if it has been correctly observed that P=.0023 v?, 
en, 
Tan. ?=.009207 .  . ~~. (II) 
_ Then, when A B has thickness A K (Fig. 3) the pressure 
in front will still be represented by ADB, but when a 
icle of air has reached K, its velocity will be reduced 
y the friction against AK, so that ? will be reduced to 
¢', and the barometric pressures will be represented by the 
areas AD B+KNL; but whatever power is taken from 
the wind in this way the same amount will be given through 
friction to the sides AK and BL, so that if the curve 
59 L be drawn equal to ADB, the area of the figure 
KNL Q will represent the friction pressures in the direc- 
tion of the wind on and BL; and the barometric 
pressures on those lines will be equal and opposite to one 
another, so that the resultant of all the forces on A BLK 
will be represented by twice the area A D B, as before. 
And for — on A Band K L the correction to be 
applied to the formula for a plane surface can in all cases 
be reduced to the form of an addition (-+) to tan. 9, and, 


for the same form of a parva it will be a constant what- 
ever the velocity, so that when tan. ? is pn large, as ina 
maximum wind, the correction will in each case be pro- 
rtionally very small, and in a structure vom: of many 
‘ozms, for some of which the corrections would be positive 
and for others negative, it would be in accordance with the 
usual practice in calculating other maximum loads to as- 
sume that they would cancel one another; and the greatest 
possible error caused by doing so would be more than 
covered by the excess of the assumed maximum value of 
ian. 2 over the possibilities of which it would be the ™ 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The holidays and the 
generalelection interfered very much with the attendance 
at the iron market at Middlesbrough yesterday. Very 
little business was done and prices were weaker. No. 3 
Cleveland pig could be had at 50s. per ton. It was found 
that Messrs. Connal and Co., the warrant storekeevers of 
Middlesbrough and G@ Ww, deliveries ex-store 
with nothing going in, and that their stock in Cleveland was 
now 98,650 tons, being a reduction of about 1600 tons on 
the week. Their G w stock is also being reduced, and 
is now 438,956 tons. akers are not anxious to sell for- 
ward, although many people are of opinion that the recent 
revival in trade having attained its height has receded 
without the probability of an increasing demand within 
the next few months. On the other hand there are those 
who maintain that after the elections trade will very much 
improve. Additional blast furnaces are still being blown 
in at the Carlton Iron Works, the third blast furnace has 
been put into operation. 

The Finished Iron Trade.—There is rather a weakness 
in the demand for finished iron, but manufacturers believ- 


.| ing that in the course of a few weeks orders will be more 


easily obtained, they have not made any alteration in their 
quotations. 

Engineering and Shipbuilding.—There is a fair amount 
of engineering and shipbuilding work being done on the 
northern rivers. At Middlesbrough Messrs. R. Dixon and 
Co., of the Cleveland Dockyard, have just — a 
splendid mail s.s., the Utrecht, to ran between Holland and 

ava. She isthe most beautifully finished boat that has 
been built upon the Tees. . 

* The size of the front area is determined by an equili- 
brium of the resisting powers of air to compression and 
to friction among its own particles, and the rear one 
by an equilibrium of tension and friction, so that the 
ratio of the areas to one another will be the same as that 
of compressive to tensile strength of air, which is here 
pedis to be that of equality ; but if it were not so, the re- 
sults, as far as this investigation goes, would be the same, 
as it is the sum of the two areas as found by observation 
that is used as the unit. But the writer would be glad to 
receive helpful criticism on this point, as on others, us it 

the theoretical 
case, before proceeding to investigate that of bodies ies shelter- 
ing one another by being in the of the wind. 
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BULLIVANT’S WIRE ROPE CABLE 
APPARATUS. 

Tue use of wire rope in place of hemp hawsers and 
rigging on board ship has of late years become very 
general, and the substitution of wire rope for chains in 
mining operations is equally well known. It is there- 
fore somewhat surprising to find that, with a few ex- 
ceptions, the system of working ship's anchors with 
chain cable is still in vogue, although the use of chains 
has been found impracticable for such operations as the 
lifting of sunken vessels. There is no doubt that the ad- 
vantage possessed by a heavy chain cable of adding to the 
holding power of the anchor, and the facility of in- 
creasing that pee Sap on emergency by paying 
out extra vay of chain is of great value ; but the hold- 
ing of a ship by a large amount of dead weight lying 
upon the surface of the ground, as in the case of a chain 
cable, is an unmechanical and imperfect device. The 
requisite holding power is obtained by the combined 
action of a comparatively light anchor, which performs 
its work by grasping the ground and a comparatively 
great weight of chain which is of little service in pro- 

rtion to its weight or in proportion to the anchor. If, 

owever, the weight and size of the anchor be increased 
soas to give the greatest holding power required under any 
circumstances, and its attachment made by means of a 
comparatively light wire rope, the combined weight of 
wire rope cable and anchor is much less than the com- 
bined weight of chain cable and anchor, and the facility for 
handling is thereby much increased. Again, it may be said 
that steel wire rope has a weight of about one-seventh 
only of that of chain cable of equal strength, without tak- 
ing into account the almost ect uniformity of strength 
throughout its length, which is possessed by a wire rope 
of 180 threads, in comparison with achain which is liable 
to a defective weld in every link. 

The usual method of stowing chain cable in a locker 
in the forward part of the ship, is rendered necessary 
for facility of working, but it necessitates the placing of 
a large weight in a position in which the vessel is least 
water-borne, and in which the strain upon her structure 
is therefore very great. The position of several tons of 
chain cable so placed may often be injurious, more 
especially when pitching in a seaway. On the other 
hand a lighter cable, stowed further aft, may be used 
when wire rope is applied, because from its quietude of 
working while running out, it could be led over any 
convenient length of deck and stowed amidships on a 
reel placed in some convenient position. 

Wire rope-applied as a cable having been in use satis- 
factorily for six years on board the Valorous, and on 
board two of the London, Chatham, and Dover Railway 
Company’s channel steamers, the Admiralty decided to fit 
it to the Eclipse, and we annex illustrations Figs. 1 and 2, 
showing the a for working it which have been 
fitted to this ship. The Eclipse is one of the earlier speci- 
mens of the corvette class that have been recently so multi. 
plied in the Navy, and the main capstan is therefore placed 
on the upper deck and the reel for stowing the wire rope 
cable on the lower deck. The wire rope is fitted to work 
the anchor on the port side, is 6 in. in circumference, 150 
fathoms long in one continuous length, and, weighing 
43 cwt., takes a breaking strain of 90tons. To work the 
anchor on the starboard side ordinary 1§ in. chain cable 
150 fathoms long, weighing 195 cwt., and with a proof 
strain of 47} tons, is fitted, The stowage of the chain 
cable is effected in the usual way by passing it as it 
comes off the capstan (the lower part of which is fitted 
for the chain cable only) into the chain locker in the 
hold, The wire rope is hove up by means of the grooves 
on the upper part of the main capstan, and the corre- 
sponding grooves of the sister capstan placed forward, 
and which is made to revolve with the main capstan by 
means of geared wheels situated below the deck. This 
sister capstan is inclined at an angle to the main capstan, 
so that the wire rope when ed round in the form of 
a figure 8 may not chafe against itself, and may work 
without the necessity,of surging. Automatically holding 
nippers securing the wire rope by friction while the 
ship is at anchor are shown a little forward of the fore- 
mast, and also in the eyes of the ship. When the anchor 
is being let out, the wire rope runs direct from the reel 
on the lower deck through the nippers and hawse pipe, 
The gear was made and fitted on board the Eclipse under 
the inspection of Mr. Flannery on behalf of Messrs. 
Bullivant, and we understand that on the trial the work- 
ing was in every way satisfactory, giving the impression 
to those concerned that the use of wire-rope cable with 
similar apparatus would become yery general. 

We also annex illustrations Figs. 8 and 4, showing the 
apparatus for working Messrs. Bullivent’s cables as de- 
signed for the Peninsular and Oriental Company's s,s. 
Pekin. In this case the capstans are worked by steam 
power, and are so arranged as to occupy very little deck 
room. 








CAIL’S TANK LOCOMOTIVE. 


We give on the next page & perspective view of a tank 
locomotive constructed by Messrs. Cail and Co., of Paris, 
for use on agricultural railways and similar lines, the 

ular illustrated being for a gauge of 0.8 metre 


partic engine 
or 2 ft, 7} in. As will be seen from our engraving the 








BULLIVANTS WIRE ROPE CABLE APPARATUS. 


Fug.7. 
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engine has four coupled wheels, outside cylinders, and 
outside valve-gear, the latter being of the box-link type. 
The boiler has a large dome as shown. The firebox is 
of copper and the tubes of brass. The water is carried 
in wing tanks and the fuel in bunkers by the sides of 
the firebox. The principal dimensions of the engine are 
as follows: 


ft. in. 
Diameter of cylinders 0 5.9 
Stroke... eve eco 0 9.45 
Diameter of wheels ... 111.6 
Wheel base ... ee pao ‘i 1 11.45 
Diameter of boiler barrel (mean) ... 1 89 
Length of firegrate ... ne ove 1 18 
Heightol topel firebox sbovegrsis 2:3 
eig| Pp x above grate 4.3 
Number of tubes... oo 37 
Diameter ,, outside ... ‘ 0 1.58 
on oo “eee. we on 0 1.42 
Length +» _. between tabeplates 4 447 
Diameter of chimney, inside ms 0 6.1 
Working pressure... 128 Ib. per square inch 
Heating surface : Firebox ... ... 12.3 8q. ft. 
Tubes (outside) 68.0 ,, 
Total ... ow 803 ,, 
Grate surface ... ak BP se 
Flue area through tubes 0.4 ,, 
Sectional area of chimney ... 02 


Ratio of grate to total heating surface = 1 : 42.25 
» fiuearea through tubes to grate 





area ... ie on on ai 1: 4.75 
Ratio of sectional area of chimney... 1: 95 
Contents of coal bunkers... e 3 ewt. 
Wei ay P tank eee on Rad 5 pol 

eight of engine empty __... soo cwt. 

» » in working order 3 ,, M ,, 








GILMORE AND CLARK’S SELF-ACTING 
VENTILATOR. 


We annex illustrations of an interesting and very in- 
genious self-acting ventilator which has lately been in- 
troduced by Messrs. Gilmore and Clark, of Lower Norwood, 
and of which theprinciple has been applied by theinventors 
to a large number of different forms of ventilating and 
temperature-recording apparatus adapted to different 
situations and to various industrial operations. _ 

The self-acting nature of these ventilators lies in the 
fact that they open and shut automatically under the in- 
fluence of variations of temperature taking place in the 
air in their immediate neighbourhood, the amount of their 
opening and the particular temperatures at which they 
are open or closed as the case may be, being determined 
by a very simple adjustment. : 

The actuating principle by which variations of temper- 
ature are caused to produce the required mechanical 
motion is not by any means new, being identical with 
that upon which the balance wheels of chronometers, 
the pendulums of certain standard clocks, and several 
other instruments of precision, have been for many years 
compensated for errors caused by variations of tempe- 
rature. We need not remind our readers that all metallic 
substances expand more or less under the influence of 
heat, and contract when that heat is removed, and it is 
upon the fact that each metal has its own specific ex- 

ansibility on being heated—no two substances possess- 
ing exactly the same—that is based the principle of con- 
struction of this apparatus and the instruments to which 
we have referred. 

If two bars of equal length but constructed of un- 
oqually e: ding metals, such for instance as zinc and 
iron, be laid side by side with ono of the ends of each 
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CONSTRUCTED BY MESSRS, CAIL AND CO., ENGINEERS, PARIS. 


(For Description, see opposite Page.) 
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butting against a rigid stop so as to compel its longitu- 
dinal expansion to take place in one direction only, it 
will be found that under the influence of heat both will 
become longer, but the zinc bar will be longer than the 
iron by an amount proportional to its greater specific 
expansibility (see the upper figure of Fig. 1), the one bar 
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in the process sliding over the other. But if the one bar be 
attached throughout the whole of its length to the other 
bar so that no sliding motion can take place, then the 
effect of arise of temperature upon the compound bar 
so produced must be to cause it to take up a form such 
that its zine portion is longer than its iron portion, except 
in the line of their common junction, and this can only be 
attained by the curving or curling of the compound bar, 
the more expansible of the two metals being to the outside 
of the curve, as shown in the lower part of Fig. 1. If 
such a compound bar be rigidly fixed at one end in a hori- 
zontal position, the other end being free, it is clear that 
under the influence of variations of temperature the free 
end will rise or fall according as the temperature of the 
space in its vicinity diminishes or increases. It is precisely 
this principle that Messrs. Gilmore and Clark have taken 
advantage of for giving to their ventilators (one form of 
which we illustrate in Fig. 2) their automatic or self- 


Fic. 2. 





acting character. Fig. 2 is a general perspective view of 
a wall ventilator constructed on this principle, and Fig. 3 
18 a vertical longitudinal section through the same. The 
portion which goes through the wall consists of a rect- 
angular box of sheet zine or iron divided, when the ven- 
tilator is shut, into two chambers by a balanced parti- 
tion or valve A A, Fig. 3, pivotted on a horizontal axis, 











The upper ‘of these chambers is open at the back to the 
outer air by the large rectangular orifice B, and the 
lower chamber is open to the room in which the ven- 
tilator is fixed by the front orifice shown in Fig. 2. It is 
clear then that the opening of the valve A A places the 
one chamber in communication with the other, and 
therefore the outer with the ianer air. 
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Referring now to Fig. 2 it will be seen that at one 
end of the orifice which opens into the room is fixed a 
bracket to which is rigidly attached one end of a broad 
flat plate which is composed of two strips of iron and 
brass respectively soldered together, thus constituting 
a compound blade such as has been described above. The 
free end of this compound plate or spring is connected 
by a light adjustable connecting rod to a lever above, 
which in its turn actuates a short crank fixed upon the 
valve spindle. It will thus be seen that any motion 
preduced by the upward and downward curving of the 
compound plate is communicated to the valve, opening 
it or closing it according as the temperature of the air 
in the room increases or diminishes. In order to render 
the apparatus perfectly adjustable, the lower end of the 
vertical connecting rod is screwed for a certain portion 
of its length, and it is attached to the actuating blade 
by a little adjusting nut by which the position of the 
range of the ventilator can be varied at will. 

The action of this ventilator is very pretty, and the 
instrument is very sensitive. Being adjusted so as to 
be closed at or below a temperature of 60 deg., no 
action can take place until that temperature is exceeded. 
After the gas has been lighted some time, the ventilator 
begins gradually to open and goes on until by the 
temperature being still further increased, it opens 
to its fullest extent, and the passage between the inner 
and outer air is quite clear; the moment, however, that 
the inner temperature is sufficiently reduced the valve 
begins to close, and between the two limits of its range 
it takes up a position determined by the temperature 
within the room and the temperature to which it is ad- 
justed. 


















In some forms of the ventilator the inventors have L 


applied an electrical arrangement by which an alarum 
is set ringing the moment that a given temperature is 
exceeded, and it therefore in that case becomes a very 
efficient fire alarm. The system has been applied in 





many forms and for different purposes, among which 
may be mentioned -houses and conservatories, 
hospital wards, “lean-to” ventilators, baker’s ovens, and 
factory flues and chimneys 
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Fig. 4 represents a most ingenious and effective little 
instrument which is an application of the principle to 
the ventilation of hats. This little apparatus (which 
is in reality about half the size of the figure) consists of 
a piece AA of the compound metal punched ont and 
bent round into the form shown in the figure. AtCisa 
round hole which is closed whenever the thin flap valve 
B is pressed against its lower surface. This little valve 
is punched out of thin brass, and rises and falls by the 
opening and closing of the two jaws of the compound 
piece A, being wry Ben them at D, the upper slightly 
overhanging the under so as to convert the plate B into 
a lever of the second order, the two limbs of which are 
of greatly different lengths, and by which its sensitiveness 
is increased. So sensitive is this little instrument, that 
if laid ona table the valve instantly closes, and if placed 
in the hand it opens to the fullest extent; but what is its 
most ingenious point is the extreme simplicity with 
which it is constructed, being made in two punchings, 
and being only sprung together without screws or rivets, 
the valve B being held in its place only by the pressure 
of the lower jaw holding it up against two little teeth on 
the upper jaw, two little holes being punched in the 
broad part D of the valve B to receive them. 

Fig. 5 is a diagram of the connexions of an electrical 
apparatus depending on the same principle, by which not 
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only can temperature be indicated, but if the temperature 
of a room or conservatory rise or fall below the limits 
of a certain range of temperature to which it can be ad- 
justed, one or other of two bells is set ringing according 
as the temperature has risen or fallen below the 
prescribed limits. This instrument consists of a 
vertical spring of compound metal A A fixed at its upper 
extremity tothe bracket D. To its lower end is attached 
a small contact plate of platinum P, which is brought 
against one or other of the contact screws H or C by the 
bending to the right or to the left of the compound strip 
A A. Contact with H sets the “heat bell” H, ringing, and 
contact with C sets the “cold bell” C, into action, B being 
a battery, and the connexions being made as shown in the 
figure ; the screws H and © can be adjusted so as to give 
any required range of pie ny ee for as long as P re- 
mains between the screws, but in contact with neither, 
the temperature must be within its proper limits, and a 
bell rings only when that limit is exceeded one way or 


the other. It is obvious that the bells may be at 
any distance from the indicating apparatus ; in the case of 
a conservatory, for instance, in the gardener’s cottage or the 


master’s house, In the case of the ward of a hospital the 
bells may be in the matron’s room, and in industrial places 
in the foreman’s office. The apparatus is posi 
sensitive, and is of course perfectly available as a fire 
alarm. ; 

Want of space will not allow us to describe in detail 
the various modified forms of the apparatus made by 
Messrs. Gilmore and Clark founded upon the same 
principle, but they are all of most ingenious construction, 
and deserve more than a mere passing notice, 





TASMANIAN RatLways.—In reply to a deputation which 


waited upon the Tasmanian Government recently to urge 
he desirability of a survey being 


made of a branch from 
Main Line 





cannot undertake recommend to the Tas- 
manian Parliament any for purpose 
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THE SEGRE VIADUCT. 

We publish this week a two-page engraving of the 
Segré Viaduct, recently constructed by MM. Joly, Jolly, 
and Delafoy, of Argenteuil, Seine et Oise, for the 
Western Railway of France. We defer our notice of 
this work till the publication of further illustrations. 








STEAM BOILER EXPLOSIONS. 

TE Manchester Steam Users’ Association held its annual 
meeting on last Tuesday week. Mr. Hugh Mason, the 
President, moved the adoption of the report, which was 
seconded by Mr. Samuel Rigby, Warrington. ; 

Attention was called to the fact that the Association was 
not established for profit ; that it had no shareholders, and 
paid no dividends ; but that it was carried on for the public 

ood, to prevent the sacrifice of human life from steam 
iler explosions; and that, through faithful periodical 
inspection, its members enjoyed practical immunity from 
explosions. Fi 
it was stated that the Association was in a flourishing 
condition ; it had more boilers and more engines under in- 
spection than at any previous time, while the reserve fand 
was higher than it had ever been. 

During the year 1879 there had occurred throughout the 
country, 25 explosions from steam boilers, killing 40 persons 
and injuring 52 others ; added to which, there had been 
22 miscellaneous explosions from the bursting of kiers, 
kitchen boilers, &c., killing 15 persons and injuring 36 
others. There had also mn an explosion from an 
economiser or feed water heater, which was the eleventh 
the Association had recorded ; and as most of these were 
attended with violence, and some with fatal consequences, 
it was recommended that economisers should be p 
under periodical inspection as well as boilers. This course 
had already been followed in a few cases, and the chief 
engineer reported that observations taken of the working 
results showed that the average temperature of the gases 
on entering the economiser was 572 deg., and on leaving 
434 deg., giving a fall of 138 deg. ; while, in the feed water, 
the average temperature on entering was 78 deg., and on 
leaving 219 deg., giving a rise of 141 deg. 

A series of trials of band firing, as against machine 
firing, had been conducted in the course of the year, and 
had confirmed what had bitherto been the Association’s 
experience, viz.. that machine firing was not more econo- 
mical than careful hand firing. 

Mr. John D. Hutchinson, M.P., for Halifax, moved, 
and Mr. John Ramsbottom, C.E., late locomotive superin- 
tendent, London and North-Western Railway, seconded 
the following resolution : 

**That the experience of the Manchester Steam Users’ 
Association for the past twenty-five years clearly shows 
that steam boiler explosions, however complicated or 
disastrous in their results, are simple in their causes, and 
may in “oe every case be prevented by competent 
inspection. Notwithstanding this, however, many steam 
users neglect this precaution, in consequence of which, 
coerenens continue to recur at the rate of one every week, 
killing about = persons year by year and injuring ninety 
others, many of those killed and many of those injured not 
being engaged on the works at which the explosions occur, 
but being struck down some in their own houses and others 
on the public highway, while many of those killed or 
injured are women and children. 

** Under these circumstances, the Association considers 
it imperative that the Government should interfere and 
enforce the general adoption of competent inspection. The 
Association, however, strongly objects to inspection being 
undertaken by the Government, lest it should interfere 
unduly with the freedom of the steam user, and recom- 
mends that the inspection should be entrusted to local 
boards formed by steam users themselves, or to private 
voluntary inspecting agencies duly authorised and 
registered ; while, as a preliminary step, an Act might 
be passed pone for a searching inquiry in the event 
of every steam boiler explosion, whether fatal or not, by 
a court independent of the coroner’s and more competent 
to deal with scientific questions, as is already the practice 
in the event of a end explosion, under the Coal Mines 
Regulation Act of 1872; or in the event of a railway 
disaster, under the Regulation of Railways Act of 1871; 
or in the event of a boiler explosion on board a ship, 
under the Merchant Shipping Act of 1854.’’ 

This resolution was carried unanimously, and the meetin 
was evidently mpressed with the feeling that Governmenta 
action was called for to prevent steam boiler explosions in 
the interest of the public safety. The meeting approved 
the course proposed by the Committee, viz., to be content 
in the first instance with getting a competent court esta- 
blished for instituting an inquiry with regard to every steam 
boiler explosion, whether fatal or not. As such a court 
would hold its inquiry in public, and also publish its re- 
port, it was thought it would have been superior to the pri- 
vate system conducted by the Procurator-Fi in inveati- 
gating the recent deplorable explosion, at Glasgow, by 
which 25 poe were killed and 24 others injured. 

Mr. Alfred Holt, Liverpool, thought that care slould be 
exercised lest the Government should be allowed unduly to 
interfere with the liberty of the steam unser, to which the 
Chairman replied that the Commiteee of Management de- 
precated in the strongest possible terms Government inspec- 
tion directly or indirectly. 

After Mr. Nathaniel Dodd had addressed the meeting, 
the proceedings terminated with a vote of thanks to the 
Chairman. 











QUEENSLAND RaILwayrs.—The extensions of the various 
trunk railways of Qu 
and the 
Creek) 


are progressing favourably, 
ourth section of the Conteal line (to Retreat 
be opened for traffic at an early date, 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Engineering Trades of South Yorkshire —During the 
past few weeks there have been heavy orders received both 
in Sheffield and Leeds for the supplying of machinery for 
colliery and other purposes. There is no doubt that the 
engineering branches are improving, and the men are alive 
to this fact. It is not improbable that the mechanics 
within a few weeks from now will apply for an advance of 
wages, but should this be so, there will be a iar, as 
many of the houses now employing their hands full time 
cannot afford an advance. It was at Newcastle that the 
nine hours’ system originated in the trade, and probably 
from South Yorkshire will emanate a movement for an 
advance in wages. On inquiry at the works it is found 
that, notwithstanding boasts which have been made that the 
“shops” are fully employed, working engineers have been 
on short time until lately. Orders have, however, come in 
for tyres, ‘‘ driving’ wheels for locomotives, and springs, 
and these are now finding work for some hundreds of men, 
who during the winter months were ae The 
members of the Society of Engineers who have been 
**knocked about’’ for a year or two past are again 
gathering themselves, and before long it is not unlikely 
that they will demand a reduction of hours. The demand 
for heavy machinery is great and improving, that for loco- 
motives on the decline, owing to the cheap labour in the 
North. At the present time there is a surplus of labour in 
the engineering trade, and business is, therefore, progressing 
on the cheap scale. 


Collieries and their Drainage.—The Rivers Pollution 
Act has forbidden large towns from sending their ee 
into a river unless means are adopted for preventing the 

lintion of the same. But colliery proprietors are now to 

assailed. 1t is well known that in the mining districts many 
of the streams are darkened with water pumped from the 
collieries, or rendered yellow by ‘‘ochre’’ water pum 
from the same sources. In Kast Derbyshire the local 
sanitary authorities are taking measures to prevent the 
colliery owners from _ the rivers with water 
pumped from the pits. The colliery proprietors are there- 
foreinadilemma. They have no outfall for their water 
except by the streams, and must either have their pits 
flooded or adopt a system of surface purification. The 
pollution of the streams, however, is not to be allowed 
and the solving of this question is one which has caused 
considerable discussion. The points at issue are most im- 
portant. 


Sanitary Laws.—The rural sanitary authorities for 
Balby, Hexthorpe, and Wheatley special drainage district, 
are taking to themselves special powers to prevent the 
building of houses without drains, and they are adopting 
measures of a rather novel description for the prevention of 
the keeping of swine in certain quarters, and even “‘ the 
allowing of stagnant waters” within the district under 
their authority. 








NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—The warrant market was 
again dull last Wednesday, and the quotations showed a 
further decline of 10jd. per ton, making a fall of 3s. 3d. 
from the previous week’s close. There were transactions 
during the morning at from 55s. 6d. to 55s. 14d., the market 
closing with sellers at the latter price, and buyers offering 
1}d. less. Prices further receded in the afternoon from 
55s. to 54s. 9d. cash, closing a little above the lowest, 
sellers asking 55s. and buyers at 14d. lower. The market 
was fully stronger but quiet at the opening on Thursday 
morning, with 55s. cash accepted. There was a gradual 
improvement to 55s. 14d., 55s. 3d., 55s. 4¢d., and 55s. 6d. 
cash, and up to 55s. 9d. fourteen days ; and the close was 
55s. 6d. cash again accepted, and sellers very prompt. In 
the afternoon there were sales at 55s. 6d. fourteen days to 
55s. 44d. eight days, and 55s. 74d. one month, and the close 
was still sellers at 55s. 4id. cash in a few days. In the 
course of the day Messrs. William Baird and Co. announced 
a reduction in the price of their brands to the extent of 3s. 
oe ton all round. Friday and Monday were both held as 
olidays by the members of the ‘‘iron ring.’’ Tuesday’s 
market opened firm, and prices at one time showed an 
advance of 1s. per ton, but a downward reaction set in, and 
the price at the close was only 3d. over that of last Thurs- 
day’s close. Business was done during the forenoon at 
from 55s. 44d. to 56s. 4}d., and then at 55s. 9d. cash, and 
from 55s. 9d. to 568. 9d. and 56s. 6d. one month, the close 
being buyers at the lower figures and sellers at 1$d. per 
ton higher. The quotations in the afternoon were from 
55s. 73d. to 55s. 6d. cash and from 55s. 9d. to 55s. 104d. 
one month, and the market closed with buyers at 56s. 6d. 
cash and 55s. 10}d. one month, and sellers 14d. over. The 
warrant market was steady this forenoon, when business 
was done at 55s. 6d. cash, then at 56s. one month, 56s. 6d. 
to 56s. 7d. three months, receding to 55s. 6d., and then 
55s. 44d. cash done, and the market closing with sellers at 
55s. 6d. prompt and 55s. 104d. one month, and buyers 1}d. 
per ton less. The afternoon market was flat, and business 
was done at 55s. 3d. and 55s. 14d. cash, buyers at the 
close offering 55s. 14d. and sellers asking 55s. 2d. A 
very dull state of affairs has now overtaken the pig-iron 
trade, and a number of the holders are steadily clearing out, 
as it is becoming every day more evident that America has 
for the present altogether ceased buying. On the other 
hand, the low —_ now ruling are beginning to attract 
another class of investors. The demand for special brands 
remains very quiet, and maker’s prices have all been con- 
siderably reduced, some to the extent of 5s. per ton, but 
the reductions in price do not seem to bring out more busi- 
ness. A fair amount of business is doing in No. 3 iron, 
and some makers are rather pressed for delivery. It is 
anticipated that there will be more activity after the 








elections are over, with all their excitement, bustle, and 


anxiety. The purchases already made on American account 
are being rapi 


shipped, and considering the large shi 
ments that are Lonel tex the next few weeks, it is wuile 
evident that a very large business has been done. It would 
require, however, that the shipments should be maintained 
in almost similar proportions in order to take off the pre- 
sent immense production. Merchants who hold speci 
brands are selling at prices considerably under the reduced 
quotations intimated by the makers. It may be stated 
here that during the past six weeks or so the price of war- 
rants has declined to the extent of 15s. 6d. per ton, which 
is certainly a very heavy fall. The current quotations, 
however, are still 3s. over the lowest prices reached during 
the reaction of last November. Last week’s shipments of 
pig iron from all Scotch ports amounted to 23,597 tons, as 
compared with 9463 tons in the corresponding week of last 
year. The stock in Messrs. Connal and Co.’s public war- 
rant stores at the end of last week stood at 439,634 tons, 
showing a decrease of 691 tons during the week. 


The Malleable Iron Trade.—Further reductions in price 
have in some instances been made in the finished iron trade 
with the view of securing additional orders to follow those 
which are now rapidly being worked. It is just possible 
that the low prices now ruling may lead to some new ship- 
building orders being placed on the Clyde. 


The North British Railway Company and the Tay 
Bridge.—Yesterday at the half-yearly meeting of the share- 
holders of the North British Railway Company, which was 
held at py ee | opposition was offered to the 

roposal of the directors to lay aside 120,0001. to meet the 
oss caused by the fall of the Tay Bridge. After some 
discussion the proposal was agreed to by a majority, and 
the report was adopted. The chairman intimated that a 
meeting called for next week would be adjourned till 27th 
May, by which time it was expected that a report on the 
a Bridge disaster would be issued by the Board of Trade, 
and a Bill for the reconstruction of the bridge would be 
prepared. 

Operations at the Tay Bridge.—Considerable progress 
has now been made in the removal of the débris of the Tay 
Bridge from the bed of the river. Yesterday a number of 
| heer oa ermaee — gg Sate which will be sent 

mdon tes y Mr. Law, the examining engineer 
for the Board of Trade. - 








NOTES FROM THE SOUTH-WEST. 

The Forest of Dean.—The coal trade in this district has 
not improved, and the pig iron, iron wire, and rod branches 
are suffering from a reactionary mov t. Quotations for 
local pig have given way to the extent of from 10s. to 15s., 
and stocks areincreasing. Hopes prevail that the present 
is only a temporary lull, but much interest is attached to 
the forthcoming quarterly meetings. The stoppage of the 
Parkend Collieries continues. 


Swamsea.—The steam coal trade for the past week has 
been pretty brisk, but old prices still rule, without symp- 
toms of any advance. Buyers show little disposition to 
make purchases, looking for a further fall. In the anthra- 
cite trade some little activity is discernible ; this is attri- 
butable to the French season having just commenced. At 
a recent sale by auction of the Hendreforgan Anthracite 
Colliery, in liquidation, the property was knocked down to 
Mr. ns, the late proprietor, for 12,5001. A new com- 
pany has been formed to carry on the well-known Glyn- 
corrwg Collieries, at Briton Ferry. An agreement for the 
sale of the coal has been made with a Cardiff firm. The 
coal trade is falling off. Stocks are accumulating at the 
ovens, and the demand is slack. The lull in the iron trade 
continues ; expected American orders are not to hand. It 
is now becoming clear that the American demand for 
Welsh iron has been over-estimated. The various tin-plate 
works of the district are well occupied; prices are un- 
altered. At Llansamlet new works are about to be started 
= the site of the old yard ; operations are to be commenced 
at once. 


Myndd Mawr Railway.—A contract between Mr. Wad- 
dell and the company has been signed. The contractor is 
expected at Llanelly in a few days, and the work will be soon 
commenced. 

Avonside Engine Company (Limited).—The annual 
meeting of the shareholders of this company was held on 
Tuesday, Mr. W. Bevan in the chair. The chairman said 
he had very little to tell the shareholders. It was a purely 
formal meeting, but they were obliged by the articles of 
association to hold a meeting in March. m the circum- 
stances of the company the shareholders were aware 
that the directors had really nothing to tell them now, nor 
any account to present to them. ‘They were much more 
busily employed than when the shareholders last visited 
the worke, and they could live in hope. With regard to 
orders, he was happy to tell them they might be easy for 
the rest of the year. Mr. Platts said in two months 
between 700 and 800 men would be employed. The directors 
were, however, able to economise in labour, and would 
never require so many men as they used to have. 


Newport.— Last week’s imports of iron ore amounted to 
5957 tons, being below the average of the past few weeks. 
Last week’s exports of iron amounted to 6981 tons, as 
compared with 2202 tons in the previous week. The 
quantity of coal exported last week was 23,932 tons, as 
against 21,695 tons in the previous week. American 
freights are without change. The demand is chiefly for 
vessels to load pig iron. So full of ships is the Alexandra 
Dock that it is an every-day occurrence for rym to 
arrange for sending vessels to Cardiff instead of Newport 








BuIsBaNE TRAMWAYs.—A company has been formed for 
establishing street tramways at Brisbane, Queensland, 
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THE ELECTRIC LIGHT. 

Tue electric light being now fairly launched 
upon its practical career, it is both useful and in- 
structive, not only to electricians but to the general 
public, to have the latest novelties exhibited and 
the whole question intelligently discussed in such 
a manner as was done during the two last meetings 
of the Society of Telegraph Engineers. The occa- 
sion of a paper by Mr. Alexander Siemens, a nephew 
of Dr. C. W. Siemens, F.R.S., was seized by the 
President, Mr. W. H. Preece, to gather together 
those inventors who had novel lamps to show, and 
the result was a very interesting meeting which 
completely filled the hall of the Institution of Civil 
Engineers, and testified by the number of strangers 
present that the electric light is a name to conjure 
by, and that public interest in its success does not 
seem to have abated. 

After tracing the principal causes which led to the 
recent revival of electric lighting—the illumination 
of Paris boulevards during the Exhibition year and 
the Edisonian *‘ scare”—Mr. Siemens dealt with the 
merits and demerits of electric light apparatus, under 
the two heads of dynamo-electric machines and 
lamps; but in illustrating his remarks he 7 
preperly confined himself to the apparatus wit 
which he is best acquainted, and for which it is 
natural that he should have a prepossession, namely, 
that of the eminent firm with which he is connected, 
Messrs. Siemens Brothers. 





It must be considered as beyond a doubt that, for 
producing powerful centres of light, electricity is 
already far superior to gas, both in point of eco- 
nomy and beauty; and every improvement in the 
apparatus for producing the electric — only 
renders the superiority more apparent, Dr. Hop- 
kinson has shown that a dynamo-electric machine 
yields in electricity some 90 per cent. of the me- 
chanical power expended on it, and therefore we 
cannot expect much improvement in this direction. 
In the old pattern of these machines the current 
from the rotating armature was passed through the 
coils of the field magnets and the lamps one 
after the other in circuit; but in later machines 
Wheatstone’s plan of splitting up the armature cur- 
rent, and sending one part round the magnets, and 
the rest through the lamps, was adopted, because by 
its means the strength of the inducing magnets was 
less subject to variations with variations in the re- 
sistance of the external or lamp circuit. A still 
better method, however, is to have a separate ma- 
chine to excite the magnets to a constant strength, 
such as is employed by Dr. Siemens in lighting the 
British Museum. Another point to be attended to 
is the proportion between the resistance of the vol- 
taic arc and the rest of the lamp circuit. If, for 
instance, the arc gives 1 ohm, and the rest of the 
circuit only 0.1 ohm, then when the carbons touch 
there will be a reduction of 90 per cent. in the total 
resistance of the working circuit. It is better, 
therefore, to make the resistance of the rest of the 
circuit ] ohm as well as the arc, so that when the 
carbons touch, the fall in resistance will only be 
from 2 ohms to ]1 ohm instead of from 1.1 to 0.1. 

There is, Mr. Siemens pointed out, far more 
room for improvement in the lamps than in the 
machines, <A good electric lamp should be simple, 
and, therefore, convenient and cheap; it should 
keep lit a long time, and should be manageable 
without affecting the others in circuit; it should 
burn steadily, silently, and be capable of easy 
adjustment, A great number of patents have 
been taken out for electric lamps recently, but it 
would have been better for the inventors if they had 
first taken the trouble to consult Colonel Bolton’s 
summary of English patents on this subject pub- 
lished in the Journal of the Society of Telegraph 
Engineers, for many of these so-called new im- 
provements are really old. 

Incandescent carbon wicks, first patented by De 
Moleyns in 1841, and recently worked out by Regnier 
and by Werdermann, are subject to the defect of con- 
suming rapidly in the oxygen of the air, and as they 
give outa feebler light than the arc, they are con- 
sequently more costly than the arc, but on the other 
hand their steadiness is matchless, and owing to the 
very feebleness of their light they are best suited for 
domestic illumination. Perhaps the best incandes- 
cent lamp hitherto invented is that of André, which 
is especially designed for lighting mansions, picture- 
galleries, ships, and mines, does not expose the 
carbon to the air so that it is liable to burn 
rapidly away ; neither does it enclose it in a vacuum 
or a vessel filled with nitrogen gas after the method 
of Edison and of Messrs. Sawyer and Mann. 
The incandescent carbon is simply enclosed in an 
air-tight vessel, and allowed to burn all the oxygen 
present into carbonic oxide. A quarter of an hour, 
and the waste of a small piece of carbon, suffice 
for this process, and when it is completed the carbon 
pencil burns only at the rate of 4 in. per hour, and 
a 20-in. carbonis found in practice to last 150 hours, 
There is only one carbon pencil of small diameter 
employed, and it stands upright with its point rest- 
ing in a groove cut across a copper block which 
forms the negative electrode. As the incandescent 
point slowly consumes away, the carbon rod, getting 
shorter and shorter, sinks within the vertical tube 
protecting it. 

It is of great importance to secure a perfectly air- 
tight vessel so as to prevent air from entering and 
forming an explosive mixture with the carbonic 
dioxide, and the best air-tight joint Mr. André has 
yet obtained is the ‘+ water joint” of Mr. Brougham. 
The water allows the heated carbonic dioxide within 
the receptacle of the carbon to escape but prevents 
the external air from entering. ‘Lhis method is 
applied to André’s lamp by enclosing the glass 
vessel containing the incandescent carbon within a 
larger concentric glass vessel, the space between 
them being filled with water forming a nt 
water jacket and the junction of the inner vessel 
with its cover is entirely submerged. The water 
has a diffusing effect on the light similar to that of 
an opal globe; and the colour of the light may be 





modified by tinting the water. At Stafford House 
recently, in presence of H.R.H. the Prince of Wales 
(who expressed his admiration of the system), and 
several other eminent gentlemen, including Sir 
Frederick Leighton, P.R.A., the picture-galleries, 
dining-hall, drawing-room, and grand staircase were 
lighted by 36 of these lamps, each giving a 20-candle 
light, and all fed by one small Gramme machine of 
the A type. 

Mr. Siemens then turned to electric lamps giving 
a ‘‘ voltaic arc,” and explained those invented by 
Von Hefner Alteneck, the chief assistant of Dr. 
Werner Siemens, and by Dr. C. W. Siemens; but 
as these have been already described in our pages 
we need not dwell upon them here. Two new forms, 
staggers Le ray gp ‘The first is the pendulum 

mp, regulate the current passing through a 
solenoid, which attracts a movable core and liberates 
an oscillating frame, ‘The frame lowers a vertical rack 
carrying the positive carbon, and feeds the latter 
downwards until the arc is re-established, when the 
frame is locked by the action of the solenoid, In 
the other lamp the carbons are placed in a horizontal 
position so as to cast no shadow of underlying 
mechanism, and the attraction of the current ina 
solenoid on a movable core is, by means of two bell 
crank levers and two pulleys, made to draw the two 
carbons together. A reflector placed over the arc 
utilises most of the upper rays by projecting them 
downwards, 

Some valuable figures showing the cost of Siemeus’ 
light were then cited by the author, From 
these it appears that to maintain a 6000 candle 
light by Siemens’ alternating machine, four horse 
power are required, and 3 in, of carbon are consumed 
per hour. ith a gas engine to give the power the 
relative cost of gas and electricity for 6000 candles 
is 4s. 10d. and 2s, 7d., the saving by the use of 
electricity thereby amounting to 47 percent. By 
the use of Siemens’ continuous current machine, 
however, a saving of no less than 87 per cent. is 
claimed. With good steam engines to supply the 
power these percentages would be still higher. But 
such powerful lights, it must be remembered, are of 
limited application, and, therefore, gas shares need 
not be affected by results of thiskind. At the Albert 
Hall a nightly consumption of 25,000 cubic feet of 
gas costing 4/. 7s. 6d., is obviated by the employment 
of the electric light and a saving of 66 per cent. 
effected ; and at Blackpool six electric lights of 6000 
candle power, and costing 3/. 6s. 10d., do duty for 
7/. 58. worth of gas, with a saving of 54 per cent, At 
the British Museum, where the use of Siemens’ 
electric light has doubled the time after dusk per- 
mitted to readers, four lights of 4000 candles each are 
maintained within the reading-room, and seven of 
4000 candles each in the vestibule and outside front, 
Those in the reading-room are fed by four con- 
tinuous current machines, the others by one alter- 
nating machine, and a fixed exciting machine is used 
for all; but they are not worked up to their full 
power. In the morning after the fresh carbons are 
put in they are burned a little to see that all is 
right, and the engine fires kept up all day, so that 
the light can be started in a moment after dusk 
has setin. By this plan the cost is raised a little ; 
but notwithstanding the total cost for 360 hours of 
lighting is only 108/. 1s. 4d., or about 6s, per hour, 
comprising 2s. 9d. for the light, and 3s, 3d. for 
engine-driver and other attendant expenses, ‘The 
cost for gas would be 15s. per hour, and thus a 
saving of 60 per cent. is effected. 

During the meeting Mr. Crompton exhibited 
his lamp, and for absolute steadiness and great 
splendour it made a fine display. A full de- 
scription was given of it in ENGINEERING, vol. 
xxviii, page 17, but we may say here that its 
great success lies in the fact that the movable 

of the lamp to be regulated by the current 
is of as little mass as possible. Instead of making 
the regulating current actuate a heavy armature 
or movable core, as is often done, Mr, Crompton 
makes it induce magnetism in a soft iron arma- 
ture, and this again attracts a second armature 
of very small mass, The attraction of this second 
armature (which by virtue of its small mass 
is sensitive to slight variations in the induced 
magnetism of the first armature) causes it to apply 
a light friction brake to a wheel which is the fast 
of a train of wheels driven, as in the Serrin lamp 
by the weight of the descending upper carbon 
which it controls, feeding it to the arc in an admir- 

uniform mapner. 


abl 
e adjourned discussion on Mr, Siemens’ paper 
was opened on the following Wednesday evening by 
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the reading by the secretary of a very interesting 
communication from M. Berly, the representative in 
this country of the Société Générale d'Electricité, 
who after referring to the early history of the 
Jablochkoff system of electric lighting, and the 
steady progress which it has been making since 
it was first installed in the sale room of the Grands 
Magazins du Louvre two and a half years ago, 
described the four installations of the system in 
the Place and Avenue de l’Opera and the Paris 
Hippodrome in 1878, and stated that the Municipal 
Council of Paris has just renewed the contract 
with the company which he represents for continu- 
ing the lighting the Place and Avenue de l’Opera, 
the Place du Theatre Francais, and the facade of 
the Opera House itself for another year, ending in 
March, 1881. The progress of the system in Lon- 
don is somewhat interesting ; it has been steadily 
extending on the Thames Embankment, starting 
from twenty lights in December, 1878, to which 
were added in May, 1879, a further series of twenty 
lights, and in October of the same year ten more 
were added by the lighting of Waterloo Bridge, 
bringing the number of lights all fed from the one 
siation at Charing Cross to fifty, since which time 
the system has been extended to Victoria Station of 
the Metropolitan District Railway, and to the board 
room of the Metropolitan Board of Works, the 
current for all the lights being supplied by the ma- 
chine at Charing Cross driven by the same engine 
of Messrs, Ransomes, Head, and Co. 

In addition to this experimental adoption of the 
Jablochkoff system for public lighting, it has also 
been introduced at the private establishments of 
Messrs. Shoolbred and Co., in Tottenham Court- 
road, Messrs, Crocker and Sons, Mr. Nicol, Messrs. 
Samuel Brothers, and others. But the most com- 
plete installation that has yet been made, was in 
the Palais de l'Industrie for the fine art exhibition 
familiar to all as the Paris Salon, which is lighted 
by no less than 256 Jablochkoff lights, and at 
the present moment there are as many as 1716 
Jablochkoff lights in regular use, 198 of which 
are in this country. Concerning the question of 
the cost of the system, considerable advances have 
been made, for whereas the Metropolitan Board 
of Works originally paid the sum of 6d. per light 
per hour, it was, as the system became extended, 
reduced first to 5d., then to 3d., and it is now 
supplied at the rate of 2}d. per light per hour, 
and at this price the contract has been given for 
lighting the Victoria Embankment and Waterloo 
Bridge for another year to terminate on the 10th 
of April, 1881. Again the Jablochkoff candles 
have not only been reduced in price, but their 
period of burning has beenincreased. The first candles 
were supplied at 8d. each, but in a short time the cost 
was reduced to 7$d. (75 ¢.), then to 6d., and their 
time of consumption did not exceed an hour and 

-a half, Since that time the price of the candle has 
been reduced first to 5d. and then to 4d., at which 
figure their price stands now, but the new candles 
are capable of lasting nearly two hours. Besides 
the reduction in cost, other minor improvements 
have been made, and a very interesting series of 
experiments have been lately been conducted with a 
view to ascertaining the distances at which light 
can be satisfactorily maintained from the machine or 
generator, and upon the very important economic 
question as to the employment of the earth as a 
return circuit, By coupling up the various circuits 
running between Charing Cross and Victoria Station 
and employing the raiis of the District Railway as 
earth circuits, M. Berly has been able to maintain 
five lights perfectly satisfactorily through a total 
circuit of seven miles, showing that a circular area 
may be illuminated from a central station of 34 
wiles radius. 

Amongst the other lamps recently perfected, that 
of Mr. Heinrichs was exhibited at this meeting. This 

pparatus has already been described in these 
columns,* and the improvements lstely introduced 
by M. Werdermann into hissystem were exhibited and 
explained, but as we shall shortly describe these im- 
provements in detail we need not refer to them here, 

It may be convenient to mention here that the 
lecture theatre during the evening was exclusively 
illaminated with Mr, Crompton’s lamps, and these 
behaved in a most admirable manner, although far 
from the satisfaction of their inventor, We may 
also refer to an interesting review prepared by Mr. 
Conrad Cooke, at the request of the President, 
of the progress made in the question of electric 


* See ENGINEERING, page 163 ante. 








lighting during the past eighteen months, and in 
the course of which he reminded the meeting that 
as electrical engineers they must all be indebted to 
a great extent to the zeal and ar with which 
the Société Générale d’Electricité during the 
time of the Paris Exhibition demonstrated the com- 
plete applicability of the electric light to street illu- 
mination, and by so doing had first set into motion 
that great wave of public interest to which so much 
of the recent extraordinary development of the 
subject was due. He considered that the improve- 
ments of the system in Paris and the very interesting 
experiments of M. Berly of the greatest importance, 
for they went to show that what was at first con- 
sidered a very extravagant system could under 
proper management be made an economical one, and 
they demonstrated to conclusion the feasibility of 
lighting the largest towns in the country, if not in 
the world, from a central station, or from two or three 
centres, A radius of 3} miles represented a circle of 
nearly 40 square miles, and M. Berly’s experi- 
ments had shown that lights could be maintained at 
that distance from the generating station, Refer- 
ring to the Rapieff system which was introduced 
under very influential patronage, he was somewhat 
surprised that it had not extended beyond the walls 
of the Times office, and had concluded that some de- 
fects must have been discovered in this system 
which rendered it unfitted for general adoption, but 
he had within the last few days learnt that the 
light was giving great satisfaction to the autho- 
rities of the Zimes, so much so that it had been 
greatly extended, and was to be still further extended 
to other departments. 

Turning next to the Werdermann system, which he 
considered probably the steadiest of all systems of 
electric lighting, Mr. Cooke attributed its uniformity 
to its occupying an intermediate position between 
the are lights and the incandescent lights es 
of the character of both. The fine carbon penci 
being of too small a sectional area at the point to 
conduct the whole of the current, became highly in- 
candescent by the passage through it of a portion of 
the current, the excess escaping asa sort of brush 
discharge or arc which surrounded the incandescent 
— and by this duplex nature of the source of 

ight great steadiness was insured, the illuminating 

intensities of the arc and the incandescent point 
varying inversely to one another, and therefore 
tending to a mutual compensation. 

After referring to the Brush system, which he 
considered as likely to play a very important part 
in the future development of the electric light, Mr. 
Cooke, turning to the question of regulators, said, 
judging from the performance of the Siemens 
‘** pendulum” lamp, it appeared that that regulator 
waited too long between its feeds, and when it 
did feed it did not do so with sufficient rapidity ; 
he had, however, seen the same form of lamp 
performing with the greatest steadiness, and the 
fluctuation was probably due to imperfect adjust- 
ment to the current, He considered Mr, Cromp- 
ton’s lamp to have very special claims to having 
solved the question of regulating the electric 
arc, for in it the carbons are fed as slowly or as 
rapidly as they are consumed, and in practice by a 
continuous motion rather than by an alternate feeding 
and stopping action, which must tend to produce 
fluctuations in the light. 

Mr. Crompton pointed out that the cost of 
cables would be an expensive item in electric light- 
ing. He had tried the “earth” as a return wire, 
but failed owing to the varying resistance of the 
earth plates; and, moreover, he had observed that 
the mass of the wire had something to do with the 
conduction independently of the resistance. 

Mr. Ladd, as representing the Brush system, 
claimed for it the merit of being the one most per- 
fectly adapted for the illumination of large places, 
not only on the ground of absolute steadiness, 
great power, and simplicity, but on the point of 
economical working ; he invited members to go to 
the Liverpool-street Station, where the system is at 
work, and judge for themselves, and he felt sure 
that they would come to the conclusion that for a 
powerful steady light it could not be improved. In 
conclusion, Mr, Ladd cited a number of places where 
the Brush system has been adopted, all of which 
installations have given the greatest satisfaction, 
Mr. J. N. Shoolbred called special attention to the 
very interesting statistical information contained at 
the end of Mr. Siemens’ paper relative to the ques- 
tion of cost, a question which after all must, toa 
great extent, determine the success or failure of any 
system as a practical application, 





The President, before proposing a vote of thanks 
to Mr. Siemens for his paper, spoke upon the 
general question, and in the course of his remarks 
called attention to the urgent need of some more 
scientific standard of photometric measurement than 
that extremely unsatisfactory so-called unit, a normal 
candle, which conveyed no sort of idea of what 
was intended and gave rise to endless confusion, and 
we most completely endorse all he said with respect 
to the extremely unsatisfactory state of the question 
of photometry which is acknowledged on all sides. 
But the problem is one which is not by any means 
simple of solution and has occupied the attention of 
scientific men for a long time past, With respect to 
the comparison, however, of electric light systems 
with other systems of illumination, and with one 
another, we cannot but think that the suggestion 
made by Mr. Preece is a valuable one, namely, to 
estimate a light, or a system of lighting, not by its 
specific intensity but by the area of ground it is 
capable of illuminating to a given standard or at a 
given cost of production. ‘Lhis is the practical 
question to be solved, and we should be very glad 
to see it adopted in making comparisons between 
different illuminants. 








THE INSTITUTION OF NAVAL 
ARCHITECTS. 

Tue second day’s (Thursday) meetings of the 
Institution of Naval Architects commenced with 
Mr. N. Barnaby’s paper on “The Nelson Class.” 
This paper has been published by us iz exfenso 
ENGINEERING, pase 235). Before reading it Mr. 
Barnaby offered a few remarks in explanation of the 
brevity of his paper, and on the fact that it left 
some things which needed explanation unexplained. 
He said difficulties had arisen in getting the trials 
of the Nelson completed to compare with the 
Northampton, and that before the results were 
fairly in his hands he had to leave England. He 
therefore completed his paper rapidly, and sent it 
in, fearing he might not be back in time to lengthen 
it or read it himself. He promised, however, to 
deal with the subject at greater length next year. 

The paper consisted chiefly of a comparison be- 
tween the Nelson and Northampton, new sister 
vessels, and the Bellerophon, built in 1864, the 
vessels being said to be ‘fairly comparable, for 
they are about the same size, carry the same crew, 
and cost about the same money.” 

In speed the vessels should be nearly alike, and 
the Nelson, like the Bellerophon, is a 14-knot ship, 
but the Northampton, for some reason not ex- 
plained, was shown to be about a knot slower. 
The ships being alike, the difference obviously rests 
with the Paae machinery. The engines of the 
successful ship were designed and built by Mr. A. 
C. Kirk, now senior partner of Messrs. R. Napier 
and Sons, whereas the comparatively unsuccessful 
Northampton was engined by no less a firm than 
Messrs, John Penn and Sons. 

Regarding the comparison with the Bellerophon 
it was clearly shown'that the new vessels have a much 
better coal supply than the earlier one, and have 
the advantage of twin screws, They also carry a 
heavier armament, a greater average thickness of 
vertical armour, and a more powerful bow and 
stern fire, The chief element of difference between the 
ships however, viz., the difference in the distribution 
of the armour, was passed over too lightly by the 
author of the paper as well as by his critics, The 
extent to which the speed and trim of the Nelson 
class might be injured by shell fire at her unarmoured 
ends, and the degree of exposure of the gunners 
arising from the absence of armour thicker than ] in. 
on the sides of the battery, should at least have 
received more serious attention. Opinions on the 
subject will of course differ, and it will require 
probably the test of war to demonstrate whether 
the thin broadsides of the Nelson battery with thick 
armour near the guns is a judicious arrangement, or 
a delusion and a snare, 

The discussion on this paper was not so full or so 
animated as is customary at the Institution meet- 
ings when the ironclad ship question is brought 
forward, but this was doubtless in a measure due to 
the absence (before alluded to) on political business 
of many who take a particular interest in the subject. 

Sir Spencer Robinson congratulated Mr. Barnaby 
that he was able after the lapse of 16 years to turn 
round and say this work which I now do is superior 
to that which I did 16 years ago. And especially 
was this the case when the comparison was made, 
not with an ordinary ship of the earlier period, but 
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with one like the Bellerophon, which was in herself 
a remarkable advance on all that had gone before 
her. peaking of the coal supply he said it was a 
source of satisfaction to him to be able to say that 
there is no ship of war of any nation or country of 
anything like the power of the Nelson and North- 
ampton that carried the same amount of coal they 
carry, and he attributed that to the fact that Mr. 
Barnaby had not been trammelled in the design by 
those in authority over him. He said he intended 
to have asked several questions, but as further in- 
formation had been promised next year he desisted, 
Mr. Barnaby had, however, cleared up one point 
by making it plain that the draught of water given 
at the trials did not include the 1200 tons of coal. 
He did not think with those who held that when such 
vessels were deeper in the water they would give 
better results on account of the deeper immersion of 
the screws. He thought the somewhat greater 
draught of water of the Northampton accounted in 
some measure for her inferior performance to the 
Nelson. The speaker alluded to the absence of pro- 
tection to the gunners on the broadside, but after 
weighing carefully the subject, and although differ- 
ences of opinion would exist, he concluded in favour 
of the arrangements made in the Nelson and North- 
ampton. He did not agree with giving the vessels 
masts and sails as well as two screws, and remarked 
that he had always insisted upon the importance of 
speed for our smaller classes of cruising vessels. 

Mr, A. C. Kirk said he had a practical connexion 
with these ships, for his present firm were the 
builders of the Northampton, and the design of the 
Nelson’s engines, and to a large extent the superin- 
tendence of their construction, fell to his own share. 
Speaking of the difference of speed he said that 
after making allowance for the difference of horse 
power and for the difference of draught, the 
difference of speed was not accounted for, and as 
the ships were alike the difference must be in the 
propellers. He thought, like the case of the Iris, it 
was worthy of investigation. A peculiarity was 
that the screw blades in the Nelson which did so 
well were like those of the Iris that proved un- 
suitable for her, whereas the Northampton that 
performed so indifferently had ordinary two-bladed 
Griffiths screws. Mr. Kirk gave further particulars 
as to the arrangement of the blades of the Nelson’s 
propeller, which was so contrived chiefly to avoid 
undue resistance when the vessel was under sail, 
but had also proved itself an advantageous arrange- 
ment for propulsion. He remarked also that in his 
opinion these two ships supplied a crucial test of 
the comparative worth of single and compound 
engines. When the Admiralty asked for designs for 
these engines, they requested the contractors, in 
order to save weight, to arrange that the engine fram- 
ing should somehow be incorporated in the structure 
of the ship. In carrying the design out, the two 
makers of the engines followed very different courses. 
In the Nelson the ordinary two-cylinder compound 
engine was adhered to. In the Northampton the 
arrangement was such that when the engines worked 
at full speed they acted as simple surface-condensin 
engines. The results, he thought, amply justifie 
the selection of the compound engines where light- 
ness is required in proportion to the power, even 
putting aside the question of coal economy alto- 
gether. He thought it was an entire mistake to 
suppose lightness could be got by limiting the range 
of expansion, and doing it in one cylinder. The 
weights of these two engines were, Nelson (com- 
pound) 998 tons, Northampton (compound, but 
worked as simple engines at full power) 1113 tons, 
which difference, he thought, went a long way 
towards explaining the difference of draught of 
water. Again, comparing the power developed, the 
Nelson’s compound engines, without the use of 
the blast, developed 6624 horse power, whereas the 
heavier engines of the Northampton, with the blast, 
developed only 6073 horse power. Had the blast 
been applied to the Nelson’s engines, and the pitch 
of the screw been fine enough to allow the steam 
to be used, there would have been no difficulty in 
getting 7000 horse power. 

Again, coming to the rate of coal consumption, 
which was of the utmost importance in vessels such 
as these, the proportion at full speed was in the 
proportion of Nelson 2, Northampton 3, or ia 
ether words, the Northampton burns 50 per cent. 
more coal than the Nelson to do the same work, so 
far as her engines are concerned, putting aside alto- 
gether the question of propulsion. Altogether, 
he considered these trials most conclusive, and 
when Mr, Barnaby spoke of the engines of the 








Northampton being the perfection of workmanship 
and material—as they undoubtedly are—he must 
have been conscious that these qualities alone were 
not sufficient to produce the best engine. 

Mr. Scott Russell agreed with Mr. Barnaby in 
the arrangement of the armour on these ships, and 
did not agree with Sir Spencer Robinson in his ob- 
jection to leaving the broadside of the battery un- 
protected with armour. He alsoagreed that it was 
desirable to protect the engines, boilers, and maga- 
zines so as to relieve the men at the guns from 
all fear of being blown up from below. 

After a few words from Mr. Barnaby in reply, 
the President expressed the thanks of the meeting 
to him for his very able paper on a very interesting 
and important subject. 

The next paper read was by Mr. John Scott 
Russell, F.R.S., ‘On the True Nature of the Re- 
sistance of Armour to Shot.” This paper, which we 
have not yet had space to publish, was of a some- 
what peculiar nature. It dealt rather with elemen- 
tary principles than with the results of recent ex- 
perience, although the author worked up gradually 
to the advisability of adopting steel-faced armour. 
Mr. Scott Russell considered first how a shot of 
given mass could most easily be given the highest 
velocity, and then how it could be deprived of that 
velocity by means which would be the most con. 
venient, effective, and enduring. Following this 
up in a manner peculiar to the author he came to 
discuss the qualities of targets of extremely opposite 
types—to wit, glass as a representative of the hard 
unyielding type, and baker’s dough as the plastic 
and tough-yielding type. After dilating on the 
different manners in which hard and soft targets 
offer resistance, the former tending to break up the 
shot and the latter tending to distribute the force of 
impact over surrounding portions of the plate, Mr. 
Scott Russell very happily proceeded to combine 
the two properties, This combination he found in 
what is known as the composite plates which have 
the exterior face of steel and the rear of the plate 
of iron. The steel face would, he argued, break up 
the projectile, and at the same time the effect of the 
blow would be distributed over so large an area of 
the iron at the back of the plate as to reduce the 
intensity of the strain within safe limits. 

In view of the complacency with which Mr. Scott 
Russell gave rein to his talents in the elaboration 
of his phenomena and the simplification of his 
general deductions, and especially in view of the 
great distance the author over-ran the time allotted 
him, there was little disposition showed to discuss 
the subject seriously. Admiral Selwyn offered some 
remarks on the analogy between an anvil and an 
armour-plate, aud from it deduced that great care 
would be necessary in uniformly tempering the steel 
face of armour-plates. He also made some remarks 
on the construction of guns and the effect of slow 
and of quick-burning powder, contending that if the 
gun be properly made we shall begin de novo, but 
we shall have made an enormous advance and true 
progress. 

Mr. Barnaby said that a larger amount of resisting 
power had been developed by pure steel plates 
made by Sir Joseph Whitworth than had been 
hitherto developed by any compound armour plate, 
He said Megsrs. Charles Cammell and Co., and 
other Sheffield makers, had spent thousands of 
pounds in their endeavour to make compound plates 
that would stand satisfactorily, and he believed 
they had succeeded. Whereas we used to be in the 

ition that the best armour-plates were made in 
Frente, we were now in the position that the best 
were made in Sheffield. e thought foreign 
Sree would not fail to recognise that fact. 

e ho Sir Joseph Whitworth would succeed in 
an endeavour he was now making; viz, to put 
some splendid hard steel outside of ordinary armour- 
plates so as to strengthen the Lene? armoured 
ships already in existence. The turtle back of the 
torpedo-ram Polyphemus, building at Chatham, 
was to be plated with Whitworth steel, and this 
skin will be four times as strong as iron. 

Mr. Scott Russell did not desire to offer any 
remarks in reply, and the President then commented 
somewhat strongly upon the breach of the rules com- 
mitted by Mr. Scott Russell in taking up so much of 
the time of the meeting in reading his paper. He 
said it might well be taken into consideration in the 
future whether it might not be better to have fewer 
and longer papers, and to allow greater time for their 
discussion, but so long as the rules were in force it 
devolved upon him as President to draw attention to 
departures from them. 





The next paper was by Mr. A. C. Kirk, “Ona 
Method of tie the Forms of Ships and De- 
termining the Lengths and Angle of Entrance.” 
This paper, which was printed by us in exéenso last 
week, is of great interest and value, for it supplies 
an excellent means of epitomising, as it were, readily 
and ee for comparison, those elements of a ship 
which chiefly control her resistance. A ready 
method of this kind has long been wanted, and that 
which is described in the paper under notice, has 
now for some time, under the name of ‘ Kirk’s 
analysis,” been a favourite with most of the builders 
on the Clyde who have given special study to 
marine propulsion. As will be seen by the discus- 
sion it met with general appreciation, and especially 
by those connected with the mercantile marine, who 
have to look to and trust to quick practicable 
methods of estimating speeds at the commencement 
of a design, rather than to elaborate investigations 
after the design is completed, when the contract is 
signed, the speed guaranteed, and the conditions for 
good or evil all arranged. 

The discussion was opened by Mr. White, of the 
Admiralty, who thought that Mr, Kirk’s method 
would be very useful for the mercantile marine, 
where, he thought he might say fairly, the vessels, 
of high speeds, at least, are very similar to one 
another in their forms and proportions. He thought 
its chief value was that it afforded a ready means of 
erg to the area of wetted surface. He 
thought merchant ships had such lengths of en- 
trance and run in proportion to their maximum 
speeds that the horse power might be proportioned 
to the wetted surface. He hoped Mr. Kirk would 
append to the Table given by him the speed and 
horse power of the vessels therein contained. He 
could not help seeing that the method was purely 
empirical and one to be applied to vessels of approxi- 
mately similar form aud similar type. After advo- 
cating an increase of beam in merchant ships, the 
speaker suggested that if some one would set up an 
experimental establishment, similar to Mr. Froude’s 
at Chelston Cross, for testing the forms and resist- 
ances of merchant ships, it would be found a very 
profitable investment. 

Mr. W. Denny, who followed, ed with Mr. 
White that it would be a desirable thing if some 
one would start such an establishment, and he 
believed it would have a much larger measure of 
support than is at present supposed. He did not 
think Mr. White appreciated Mr. Kirk’s analysis as 
fully as those of the mercantile marine did. He 
himself had for years wandered about among Ad- 
miralty coefficients and the speed formule of Pro- 
fessor Rankine, and found himself getting deeper 
and deeper into difficulty, the work of estimating 
speeds by those methods being slow and grievously 
uncertain. He believed the chief elements of re- 
sistance were the wetted surface, the length of en- 
trance and run, which at the higher speeds is of 
absolute importance, and finally the element of fine- 
ness, Mr. Kirk’s analysis indicates at once, in the 
first steps of a design, these qualities. He agreed 
in the desirability of giving merchant steamers more 
beam, and was now building a vessel similar in all 
respects to one he had built before, but with 2 ft. 
more beam, He then referred to another method 
of estimating speed, introduced by Mr. John Inglis, 
That method was based upon Mr, Froude’s 
great law of proportional resistances, and was of 

at service in cases of extreme difficulty. It, like 

. Kirk’s method, required a large background of 
data. He would repeat what he had often said be- 
fore, that any gentlemen who attempts speed calcu- 
lations in the mercantile marine, unless he starts 
from a large and well-arranged and accurately- 
obtained mass of experimental data, will be certain, 
sooner or later, to come to wreck, ruin, and ridicule. 

Mr. F. P. Purvis said, since he has been engaged 
with Mr. Denny’s firm at Dumbarton it had been 
his duty to make use in several cases of Mr. Kirk’s 
analysis. He said the three elements gained by Mr. 
Kirk were length of entrance, the angle of entrance, 
and the area of skin surface, The error in the area 
of surface was in fact only about 4 per cent., which 
is of little consequence in estimating for horse 

ower, and that could in fact be easily corrected by 
introducing a factor. He did not see much advantage 
to be gained from considering the angle of entrance. 
This conclusion he based upon experiments he had 
seen made with models by the late Professor Froude. 
He thought it was not so much the angle of en- 
trance as the coefficient of fineness that governed 
the resistance. Asameans of making the records 
obtained from this analysis more readily available 





































ENGINEERING. 





[Aprit 2, 1880, 





270 
for use in future oe he suggested that instead of re- 
cording the figures for the actual ships they should be 


transformed to'represent a similar vessel of a standard 
size, say, 100 ft. long. In this way the actual forms 
could be compared without the disturbing element 
of size, and then by Mr. Inglis’s method based on 
Mr. Froude’s law of proportional resistances the 
actual resistance for a ship of any particular size 
could be obtained, He was inclined to deal with 
indicated thrust' minus the thrust due to initial 
friction rather than with indicated horse power, or 
indicated thrust. 

Mr. James Hamilton thought Mr. Purvis had 
made a very valuable suggestion. and that it showed 
the additional use to which Mr. Kirk’s paper might 
be put, It was chiefly valuable in giving you a 
means of comparison which you could not otherwise 
obtain except by a careful study and somgemnes of 
the ships line by line. He a. t it would be found 
extremely useful to have the data arranged in this 
way when they came to fixing upon the power 
necessary to drive a ship at any given speed. 

Mr. Long said in reference to questions of length 
and breadth that he was now building a steamer 
36 ft. long and 9} ft. beam, to be used as a lifeboat, 
and he believed she would be able to go about. ten 
knots an hour, although the beam was propor- 
tionally so great. 

Mr. Rundell thought Mr. Kirk had given a rough 
approximation only. The differences in the two 
columns of areas did not range themselves either in 
reference to the angle of entrance or to the co- 
efficient of fineness. He then offered some observa- 
tions upon the use which might be made of the 
planimeter in calculating the immersed area and the 
mean angle of entrance, 

Mr. Kirk in reply, referring to Mr. White's 
remark that merchant steamers are all very much 
alike, said they were often asked to build steamers 
of speeds for which their forms were utterly un- 
suitable, and the question of length of entrance 
amongst other questions often comes up. He 
approved the suggestion as to the establishment 
of a place for experimental investigation, at which 
he thought some points regarding length of entrance 
and other matters, now but vaguely understood, 
might be cleared up. He also approved Mr. 
Purvis’s suggestion as to tabulating the results, and 
thought it would probably in the end save time. 
In reference to Mr. Rundell’s remarks he said the 
planimeter is an instrument well known both to 
engine and ship draughtsmen and in frequent use, 
but he thought from Mr. Rundell’s remarks that he 
had misapprehended the drift of his paper, which 
was to enable the necessary elements for the speed 
calculations to be obtained before the lines were 
got out. 

In reference to the recommendation that a new 
establishment should be set up for experimental 
purposes, similar to Mr. Froude’s at Chelston Cross, 
in order to afford facilities for testing the resistance 
and other qualities of models for the mercantile 
marine, we are rather surprised that no one sug- 
gested the possibility of Mr. Froude’s magnificent 
apparatus being made available for this as well as for 
Government work. ‘This apparatus is we believe in 
the hands of Mr. Froude’s son, who like his late 
father is known to be an accomplished mathematician 
and experimentalist. We would suggest that it 
would be wiser to extend that establishment gra. 
dually, as may be found necessary for the purpose 
of supplying the wants of the mercantile marine 
together with the Government work, rather than to 
embark a large capital in a new establishment on 
the risk of attracting sufficient work to make it 
remunerative. 

The next paper read was one sent by Mr. J. A, 
Normand, shipbuilder of Havre, ‘‘On the Steam 
Trials of H.MS. Iris and the Resistance of Screw 
Propellers,” which we publish iz extenso on page 
274 of the present number It may be described 
as an argument based on Beaufoy’s experiments 
tending to show that Mr. Wright in his paper read 
last year before the Institution on the trials of 
the Iris had over estimated the friction of the screw 
propeller blades passing through the water, and had 
underestimated the direct resistance offered by the 
water to the passage of the propeller blades. ‘he paper 
showed evidence of care and thought, as everything 
does that comes from the hands of Mr. Normand. 

The discussion on thia paper was brief, Mr. 
Wright explained that the coefficients used in 
estimating the friction of the Iris’s screw blades 
were taken from the experiments made by Mr. 
Froude, So far as he been able to follow the 


investigations of Mr. Froude they seemed to show 
that the direct resistance of screw blades would be 
small, and Mr, Normand himself seemed to admit 
there was a good deal of doubt on the subject. It 
was much to be regretted that Mr. Froude had been 
unable to complete the valuable experiments on 
screw propellers he had been engaged in just 
previous to hisdeath. The speaker hoped, however, 
there would yet be further experiments made at 
Chelston Cross, in the direction indicated by Mr. 
Normand. After a few words from Mr. Kirk, 
Admiral Selwyn, Mr. Griffiths, and Mr. White made 
some observations on the position of the screw pro- 

eller, and Admiral Sir Spencer Robinson expressed 
bis regret that so much doubt and uncertainty still 
hung round the subject of screw propulsion, and 
hoped the Admiralty would institute such experi- 
ments as are required to clear up these doubts, 
which at present are a reproach to naval architecture 
and marine engineering. 

The evening sittings of Thursday commenced by 
the reading of Mr. Kavenhill’s paper (published on 
page 252 of our last number), which figured on the 

rogramme with the ambiguous title of ‘‘ Twenty 

inutes with Passenger Seamers on the Long 
Ferry.” The ‘long ferry” was the Thames between 
London and Gravesend, and Mr. Ravenhill gave a 
very interesting historical sketch of the Thames river 
steamers from their earliest days down to the present 
time. The discussion was opened by Mr. H. Laird, 
who referred to the fact that Mr. Ravenhill’s late firm 
had much to do with the earliest paddle engines that 
were made for river and sea service. Speaking of 
the Rainbow, a vessel mentioned by Mr. Ravenhill 
as having been built on the Clyde, Mr. Laird said 
she had been built at Birkenhead by his late father, 
and that at the time she was built she was the largest 
iron steamer afloat, and the one that had up to that 
time attained the highest speed. 

Mr. Scott Russell then at considerable length gave 
some of his recollections of the earlier river boats, 
and described some of the vessels he had built for 
the Rhine, in which owing to their great length and 
shallowness he had to adopt the longitudinal system 
of construction. He then spoke of the Princess 
Alice and described her as a well-built, strong vessei 
admirably suited for river navigation, and urged 
that it was absurd to expect a long steamer built 
for river navigation to have the enormous strength 
necessary to keep another great heavy ship from 
running her down when she puts herself right across 
that ship. 

Mr. Liggins then supplemented Mr. Ravenhill’s 
historical facts with a number of others from his 
own memory which will be of value recorded in the 
Transactions, and he urged that the saloon type of 
boat would be suitable for the channel service be- 
tween Dover and Calais. He was followed by Mr. 
E. B. Barnard, who also hada very full recollection 
of the earlier river boats and of the various rivalries 
which had existed between the Diamond Company, 
the Star Company, and others, having been himself 
engaged in many of the races which took place be- 
tween the rival steamers. 

Mr. Martell, who followed, said he had not 
intended to take part in the discussion, but he 
could not sit there and hear speaker after speaker 
extol the merits of the London river steamboats 
without recording his opinion that they were a 
disgrace to this great metropolis. After contrasting 
them with the magnificent passenger steamers of 
the Clyde and the American rivers he said he 
thought the want of accommodation on the London 
river boats was the great reason why more people 
did not travel by them. He saw no difficulty either 
in rendering them safe against collisions provided 
they kept the passengers in saloons above deck, and 
efficiently subdivided the part of the vessel below. 

Mr. Liggins and Mr. Barnard both explained that 
they intended their eulogies for the river-boats 
of former days and not on those of the present 
day. The President, having expressed his regret 
that Mr. Ravenhill could not be present. explained 
that the great difference in the size of the American 
rivers and those of this country would account in 
a measure for the difference in the steamers em- 
ployed on them, although he did not mean at all to 
say that our boats are not capable of improve- 
ment, 

Mr. Dixon Kemp next read his paper ‘On the 
Stability of Yachts,” in which he gave some 
extremely valuable information on the stability of 
the three well-known yawls Florinda, Rose of Devon, 
and Jullanar, discussing their properties, and the 








very interesting paper, and we print it ix extenso on 
page 272 of the present number. 

The discussion upon it was opened by Mr. W. 
Denny, who expressed the pleasure he felt at see- 
ing scientific investigations extending to a branch 
of naval architecture, like yacht designing, which 
hitherto had been ruled by empiricism pure and 
simple, as the one and only guide that could be 
trusted, and that men could have confidence in, 
Many yacht-builders, doubtless of great experience, 
of great skill, and of great perseverance, have been 
men who depended, and depended in an honourable 
sense, on empirical methods, but it could hardly be 
hoped that yacht-building would ever reach such a 
point as we would desire if this attitude were not 
relinquished. He spoke highly of the advance in 
this direction that had been made by Mr. Dixon 
Kemp, not only in his paper, but in his valuable 
book, and he had not only discussed the question of 
stability but also that question which in a cruising 
yacht is of great importance, viz., easiness or un- 
easiness. He thought Mr. Kemp would perhaps 
have done better if he had in his curves of stability 
given, like Mr. Martell had done, the arm of the 
righting couple instead of the actual moment of 
stability. 

Mr. White was glad Mr. Kemp had given the 
righting moment and not the righting arm, because, 
he thought, having given the sail spread they could 
get a fairer measure of their power to stand up under 
a breeze of any assigned force by having the curves 
in this fashion than if they had been given in the 
ordinary fashion of simply the righting arm. This 
was their practice at the Admiralty. He endorsed 
every word spoken by Mr. Denny as to the value of 
Mr. Kemp’s work, and spoke of the enormous 
amount of labour involved in the calculation of the 
curves given by Mr. Kemp. He also bore testimony 
to the value of Mr. Kemp’s books. He could not 
help thinking that when a yacht of 100 tons dis- 
placement carried 30 or 40 tons of ballast to enable 
her to stand up under her canvas, it seemed very 
much like a racing machine. 

Mr. Liggins spoke of Mr, Kemp’s great expe- 
rience in yachts of allsizes. He had all his life been 
an advocate of more beam in yachts. If iron ballast 
could always be used instead of lead it would be 
better for all on board, but the lead was put on to 
fight against the sail area. He was sorry English 
yachts had gone so near deserving to be called racing 
machines, 

Mr. Kemp, in reply to Mr. Denny, said there 
would be no difficulty in giving the arm of the 
righting lever. Speaking of Mr. White’s remark 
about yachts of the present day with 30 tons of 
lead on the keel being racing machines, he pointed 
out that the displacement of these yachts is greater 
than that of former vessels; while they have greater 
depth, and are easy ina seaway. If the displacement 
had been reduced when the weights were put lower 
down they would have been racing machines, most 
uncomfortable seaboats, and only fit for the purposes 
of racing. 

The next paper down on the programme was one 
vy Mr. Scott Russell on ‘‘A Wave Line Form of 

idship Section,” but as the paper had not been 
written it took the form of an extemporary lecture 
on the subject by Mr. Russell; but we are not sure 
whether the gifted author was serious or not, The 
discussion, no less than the paper, took a curious 
turn, and centred itself round the merits and de- 
merits of the old Symondite ships of the Royal 
Navy. If not very apropos it was animated, but 
the subject is not of sufficient interest at the pre- 
sent time to render a recapitulation of it necessary. 
This completed the Thursday’s proceedings. , 

The business of Friday morning commenced with 
the reading of a paper by Mr. W. John “On the 
Cellular Construction of Merchant Ships.” This 
was an excellent paper, and one of great interest at 
the present time to shipbuilders. ‘Che author traced 
the progress of cellular construction from the early 
ships built by Mr. Scott Russell, down to the 
double-bottom steamers of the present day. He also 
discussed the reasons why the longitudinal system 
of construction, in spite of all that has been written 
in its favour, has not been generally adopted by 
the mercantile marine. The conclusion drawn was 
that there had been a fallacy running through the 
writings of all those who had been advocating the 
adoption of the longitudinal system. Mr. John 





then proceeded to discuss in detail the present 
system of bracket, or cellular construction adopted 
by the mercantile marine, and the advautages and 


relative influence of lead and iron ballast. It was a! disadvantages of the various modifications adopted. 
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We shall publish the paper ix extenso, together with 
the diagrams, next week. 

The discussion of this paper was opened by Mr. 
Scott Russell, who proceeded to correct a misappre- 
hension which had arisen from his remarks on Mr. 
Martell’s paper. It was then understood that he 
attributed dangerous capsizing tendencies to double 
bottoms. He now explained that what he meant 
was, that if double bottoms are fitted, they should 
on no consideration be so close together that 
a person cannot pass through between them. He 
had never fitted one that he could not get through 
himself. When he came to small vessels as in the 
Annette he adopted the longitudinal system, but 
left the inner bottom off so that the cells were 
accessible. He explained that in the Great Eastern 
the double bottom was fitted only for a certain 
portion of the length, and beyond that there was a 
water-tight flat fitted, which answered the same 

urpose. Speaking of Lloyd's, he said that Lloyd’s 

had blackballed every ship he built on the longi- 
tudinal system for years, and it was only on his 
personal guarantee that in the case of his favourite 
Annette, he could induce Lloyd’s to give her a place 
in their books. A new generation had sprung up 
at Lloyd’s, and he was glad to find they were of a 
different way of thinking. Wonder had been ex- 
pressed that the longitudinal system had not been 
fully adopted, but the fact was that some years ago 
the men in the shipyards on the Clyde became so 
very expert in building on the old system, that they 
could build the ships almost without moulds or 
guidance, and where the men had been educated 
up to such a pitch as this, it was practically im- 
possible to uneducate them and train them into a 
different system. 

Mr. W. Denny said that as time was limited he 
would not enter upon a discussion of the question 
of construction, but would confine his remarks to 
the commercial aspect of the question which had 
been alluded to in Mr. John’s paper. Speaking 
from his experience in constructing double bottom 
ships on the new cellular system, he was able to say 
that the weight did not exceed that of a single 
bottom ship built on the ordinary system. He 
further said that although at first the cost of work- 
manship per ton of iron in the new system was 
higher, this difference rapidly diminished as the 
men became accustomed to the work, and eventually 
it would be found about equal. On the tonnage 
measurement he said a great advantage was gained 
by allowing the inner bottom to slope upwards 
towards the bilges, and in this way a saving of 
about 80 tons measurement could be effected on a 
2000 ton ship, and it helped the question of drainage 
rather than otherwise. 

Mr. W. H. White spoke next. He said he had 
taken notes on several points in Mr. John’s paper 
on which he should like to speak, but as time was 
so limited, he would confine himself to one or two 
points, In one part of Mr. John’s paper he re- 
ferred to the longitudinal strain on some of the 
shorter ironclads being so low as one or two tons 
per square inch, and he thought the remarks re- 
ferred to some figures he himself had given. He 
did not think these low strains should be made a 
subject of reproach, but the fact was the problem 
they had to solve in the construction of ironclads 
was how to make the hull strong enough with the 
least possible- quantity of material. If Mr. John 
could show them how to get greater strength with 
the same quantity of material they would be glad. It 
was true that so far as longitudinal strength was 
concerned they might take away the longitudinals, and 
yet the calculations would show a sufficient strength 
in this direction, but they wanted more than longi- 
tudinal strength, they wanted also local stiffness, 
and this could be best and most cheaply got, as it 
had been got in the ships of war most recently de- 
signed at the Admiralty. 

Mr. John in reply said he was glad to hear Mr. 
Scott Russell’s disclaimer as to the unsafety of double 
bottoms. He thought Mr. Scott Russell’s memory 
must have failed him somewhat in his account of the 
action of Lloyd’s regarding his early longitudinally- 
built ships. Mr. Russell had said the Annette was the 
first of those vessels that Lloyd’s would class, but as 
a matter of fact he could mention several of them that 
had been classed some years previously. The Annette 
was built and classed in 1866, but the Baron Osy, 
built by Mr. Scott Russell in 1855, was classed. 
Also the El Rey Jaymes I. the same year, El Rey 
Jaymes IL. in 1858, and others, all built on the 
longitudinal system by Mr. Scott Russell, and 
classed at Lioyd’s, These facts went to show that 








Lloyd's had not been obstructive up to the time of 
the Annette, as Mr. Scott Russell had supposed. 
Referring to Mr. White’s remarks Mr, John said his 
desire was to place this question of the longitudinal 
principal of construction on a proper basis, and he 
said it was no argument in favour of the system to 
say that the longitudinal strains came so low as one 
or two tons to the square inch. The only true de- 
duction from those — was that a great portion 
of the material placed longitudinally in those 
ships was wasted, unless it was put in that di- 
rection for some other purpose than longitudinal 
strength. He quite admitted that in war ships, 
owing to the comparative closeness of the transverse 
bulkheads, much might be said in favour of the 
longitudinals for local strength and stiffness, but it 
was on this ground alone their merit should be dis- 
cussed, and it had not hitherto been so discussed. 
No better illustration could be given than that made 
use of by Mr. White, who said if we were to take 
away the longitudinals altogether, the vessels would 
show as high a factor of longitudinal strength as 
ordinary merchant vessels. ‘This entirely bore out 
his argument, that they were not necessary for 
longitudinal strength. You might take them away, 
and the calculations would show sufficient longitu- 
dinal strength, but the ships would be bad ships for 
want of local strength. 

Mr. White explained that he had suggested not 
leaving them out of the ship, but leaving them out 
of the calculations, 

Mr, John said this did not affect the argument at 
all, which was that their use in the ship was not for 
longitudinal strength but for local strength, and on 
these grounds they should be discussed and de- 
fended instead of upon the claims usually put 
forward on behalf of the longitudinal system. 

We are obliged to postpone until next week our 
review of the discussions upon the remaining papers 
read at the meeting, since some of them, especially 
those on the papers of Mr. Denny and Mr. West 
** On the Use of Steel in Naval Construction,” were 
of considerable importance and length, 








A DEEP BORE-HOLE. 

Tue Continental Diamond Rock-Boring Company, 
Limited, have lately completed for the Government of 
Mecklenburg-Schwerin a bore-hole of exceptional depth, 
and the execution of which is of particular interest from 
the rapidity with which it has been completed. The boring, 
which was made for salt, is situated at Probst Jesar, near 
Liibtheen, and it was commenced on the 6th of July 
of last year, with an opening 12in. in diameter. 
The first part of the bore had to be through a diluvial 
bed consisting mainly of drift sand and coarse gravel, 
and for sinking through this Kobrich’s system was 
adopted, the diameter of the bore being maintained at 
12in. The total depth sunk on this system was 98.05 
metres, or 321 ft. 8 in., the sinking occupying 34 days of 
24 hours each, of which 31 days were spent in actual 
boring and three days in sundry works. The average 
progress was thus at the rate of 3.163 metres per day, 
while the greatest depth bored in any one day was 
7.496 metres, this being on August 11, 1879. 

Below the diluvium the gypsum and rock were reached, 
and through this the boring was carried on with 
diamonds, the commencement being made on August 25, 
1879, with a hole 10$in. in diameter. Until a depth of 
509 metres, or 1670ft., had been reached, however, no 
firm footing could be obtained on which to rest the tubing, 
and hence great annoyance was experienced from the 
falling in of masses of sand, the infalls being so great 
that sometimes when the boring rod was withdrawn the 
bore became filled up again to a depth of over 420 ft. 
The boring, however, was steadily proceeded with, and 
ultimately the final depth of 1207.25 metres, or 3961 ft., 
was attained on the 6th of February last, the diameter of 
the bore at the bottom being 3in. The time spent in 
boring with diamonds was thus 163 days of 24 working 
hours, and this time was accounted for as follows: 


For progressive boring ... sain pat ai 0 
», Teaming up ... eee hai ons ons 8 
», Sundry works, #.e. : 

Getting rid of infall ... 13 
Preparing and repairing 
er eee one 42 
Preparing lye 2 ees 
Letting down tubing... 22 
Making good an accident 2 


Total esd deh sao oo 168 
Altogether the depth reamed up amounted to 299.205 
metres, the time occupied being divided as follows : 


metres in. in. days. 
Enlarging 10.95 from 9 to 104 in diameter ... 0.5 
8 87.555 ,, 8,, 9 ins a” 
” 7 ” ” 8 ” . 1.0 
9 39.700 ,, 3,, 5 és - 0.5 
3 4 ” ow. 3.0 
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The greatest progress made in any one day was on 


the 27th of January last, when a of 29 metres 
(95 ft. 2in.) was bored, this being nearly double the 
ave! progress. The total length of tube inserted was 
1010.55 in., or 3315} ft., the greatest length inserted in 
one piece being 456.424 metres, or 1497} {t., and this con- 
sisting of 7 in. and 8 in, tubes, Throughout the whole 
depth of the bore cores were drawn, some of these being 
salt cores over 2 ft. long in one piece. 

With the exception of a bore-hole put down to the 
depth of 1275 metres, or 41838 ft., for the Prussian Govern- 
ment a few years ago, and which took four years to 
accomplish, the bore of which we have been giving 
particulars is we believe the deepest yet sunk, and the 
fact that it was completed in less six months speaks 
well for the skill and energy with which the work was 
carried out. 


INCREASING IRON PRODUCTION IN 
CLEVELAND. 

One of the least noticed of the changes in the iron 
trade of the Cleveland and Durham district is the in- 
creased and increasing production of the furnaces. The 
fact that at the present time there are 30 furnaces less in 
blast than there were at the last era of prosperous trade, 
and that despite this the production is larger, shows 
of itself a remarkable increase in the average production 
of the furnaces, an increase sufficient to arrest the at- 
tention. To show the change that has taken place the 
figures that sum up the output for a year are only partial 
indices, for there is a very t variation in the number 
of furnaces in blast; but it may be fairly shown—or 
shown with greater fairness—by the citation of figures 
giving the output in successive months or correspond- 
ing months in different years. To dv this we may take 
the latter mode, as the one which will best show the 
change, the months chosen being, of course, those in 
which the number of days are the same. Taking a few 
commencing with the year 1872, we may tabulate the 
production for several years as annexed, the same 








month being chosen with the exception of the po 
year, when one with the same number of days is ted : 
Furnaces in 
Tons. 

Months’ make, 1872 162,808 130 

” 1875 166,241 116 

* 1876 171,398 112 

” 1877 5 108 

* 1878 167,160 93 

* 1879 164,084 89 


99 1880 189,232 99 

The gradual growth in the output-of the furnaces of 
the North is strikingly shown in the above Table, and the 
mere fact that every furnace in 1872 produced on the 
average 1250 tons of pig iron monthly, and that in 
the present year the average output is raised to close 
upon 1900 tons monthly, is a striking proof of the growth 
of the average output. It is true that there needs to be 
taken into account two facts which had some bearing 
on the output. At the earlier of the two dates there 
was little or no hematite iron produced in the North of 
England, and at the present time there are 17 furnaces 
producing hematite or iron other than from the native 
ores. The average output of the district would be 
slightly raised by the turning of furnaces from Cleveland 
iron to hematite iron, but only slightly. The other fact 
would probably be found to be more important in its 
influence on the average output. In the time when the 
demand was the most intense, a number of furnaces of 
small dimensions and of small producing power were put 
into blast, and the effect of the use of these, though in- 
creasing the total production, was to decrease the average 
output of the North of England. As trade got worse, or 
as prices began to fall, these, which work at « greater 
relative cost, were put out of blast, and though the total 
was often diminished, yet the average output was in- 
creased on the whole. It may, however, be noticed that 
many of the old and small furnaces have been or are 
being rebuilt, and thus the average production of the 
whole will not be kept so much in check as the number 
in operation is increased as might have been supposed. 
At the present time there are over 100 furnaces in blast, 
but in that number the largest furnaces in the North— 
the monster furnaces at Ferry Hill—are not included, 
A number of those idle are, it is true, furnaces of com- 
aratively small productive power, and if the animation 
in the iron trade caused these to be put into blast it must 
be acceptedas a probability that the growth of the average 
output of the furnaces in a given time will be checked, 
But as we have seen, that average output has been in- 
creased 50 per cent., and is likely (though not very 
largely) to be still further increased, for even some of the 
smallest furnaces are beginning to yield better results, 
with the application of the knowledge of better modes of 
working that are now being put into general practice. 
The blast furnace plant of the Cleveland and Durham 
districts is admittedly amongst the most complete in 
England, and the figures given are in excess of those of 
most other districts, but the want of reliable data pre- 

vents comparison with the figures we bave now given. 





Caus ON THE PENNSYLVANIA RarLRoaD.—The total 
number of cars built and repaired at the Pennsylvania Rail- 
road car shops at Altoona, in 1879, was 16,699. 











































ENGINEERING. 





[APRIL 2, 1880, 





2 7 p 
THE STABILITY OF YACHTS.* 
By Drxom Kemp. 
Iw the early days of naval architecture very vague assump- 
tions or theories were formed as to the principles upon which 


the stability of flosting bodies depend, as those familiar with 
old works on naval tecture are aware, and even after the 
general principles were understood no accurate or ready means 
for computing the range of stability of a ship were known until 
Mr. Barnes devi Cneiaes rane Cneney ont ope. This 
method was elaborated by Mr. W. H. White Mr. W. 
John, and the result of their joint labours appears in the 
(1871) Transactions of the Institution of Naval Architects. 

Their treatise on the variations of stability in vessels of 
different forms may be considered as ey and it seems 
unlikely that the scheme of calculation which they perfected 
will be ever much simplified or improved ; or that the general 
truth of the results they arrived at in applying the scheme 
to differently formed veesels will be questioned. - I have not 
the least hope of adding anything of value to the results of 
their labour, but rather desire to record the valuable insight 
they have afforded us into what has hitherto been a very ob- 
scure and neglected branch of naval architecture, the stability 
of sailing yachts. 





A very few years ago nothing was understood about the 
stability of yachts, farther than that an increase of beam in a 
certain way made a yacht stiffer; that shifting ballast to 
windward would do so; and recently when shifting ballast 
to windward was prohibited the discovery was made that 
putting metal on the keel would also largely add to stiffness. 
Occasionally a yacht builder was heard of who calculated 
the metacentric height above the centre of bucyancy, but 
neither he nor any one else could connect such a calculation 
in a ctical manner with a yacht’s stiffness. Now, how- 
ever, by the aid of the method introduced by Mr. Barnes, the 
calculation of a yacht’s metacentre has a comprehensible 
value, and within the last three years I know that a 
“curve” of stability has been worked out for each of several 
yachts before their design was finally approved of. Such 
curves forcibly illustrate the relative influence breadth, 
depth, and the locus of the centre of gravity have on the 
stability of a vessel, and as no description of vessel varies so 
much in form as yachts, so the quality of their stiffness is 
found to in an equally distinctive manner. 

Messrs. White and John in their treatise on calculating 
the stability of ships, in speaking of the raised position of the 
centre of gravity of ironclads due to above water weights, 


say: 

** Had the decrease in initial stability been considered dis- 
advantageous it could have been easily prevented by an in- 
crease in beam, but such an increase was not thought neces- 
sary, and had it been made would have had little effect on 
the range of the vessel's stability because at large angles the 
depth has to act a part similar to that played by the beam at 
small angles of inclination.” 

This is an exact exemplification of the varying stability in 
yachts as influenced by breadth and depth ; gives an 
increase in initial stability, but only at the expense of safety 
if unaccompanied by weighted depth. To give a particular 
example of the truth of this, two more appropriate vessels could 
not be selected than the Rose of Devon and Jullanar, vessels 
whose qualities were discussed by their builder, Mr. John 
Harvey, at a meeting of this Institution two years ago. 
Another well-known vessel, the Florinda, somewhat different 
in form to either of these two, will complete the illustration. 
The Jullanar in round numbers is 100 ft. long on the load 
line, 17 ft. broad, with a draught water of nearly 14 ft. amid- 
= and has a displacement of 158 tons. 

The Rose of Devon is only 81 ft. long on the load line, 
but has a breadth of nearly 21 ft.; her draught of water, 
however, is only 10 ft. amidships, and she has a comparativelv 
small displacement of 128 tons. 

The Florinda is 86 ft. long on the load line, has a breadth of 
19 {t. 3 in, and a draught of water amidships of 11 ft., and a 
displacement of 150 tons. 

he Jullanar is (approximately) six times her beam in 
length, Florinda four and a halt times, and Rose of Devon 
less than four times. Their relative jroportions of breadth 
and depth will be readily understood by the sketches of their 
midship sections given in Fig. 1 annexed. 

It will be seen from the diagram that Jullanar has much 
greater depth than either of the other two, and less beam ; in 
fact, practically the area of section which she loses by her 
contracted beam is made up by the excess quantity she has 
near the garboards. The effect these differences in form have 
upon the stability of the three vessels can well be shown by 
curves (see Fig. 2) similar to those which Messrs. White and 
John taught us to construct in 1871. For the sake of illus- 
tration, it is assumed that each yacht is ballasted with iron 
(as they usually were some thirty years ago), and that they 





* Paper-read before the Institution of Naval Architects. 











have no metal keels. The Rose of Devon, it will be seen, has 
the greatest initial stability of the three; her curve is very 
steep to begin with, but her maximum stability is reached at 
an angle of inclination of about 40 deg., and then decreases 
very rapidly. In this curve can be taken as an ex- 
ample of the kind of stability a yacht has which is broad in 
the beam, but shallow in body. curve re ting the 
Florinda is similar in character, but shows power at 
small angles of heel. The Jullanar is a vessel quite distinct 
in type to either of the two named, and it will be seen that 
her curve is distinct also. She has very small stability at 
initial inclinations but an unlimited range, and her 

stiffness occurs at 90 deg., or when she is flat on her beam 
ends. To start with, her stiffness is very inferior to that of 
the other two, and she has to be heeled to 30 deg. before she 
equals them in stability ; but at 40 deg. she exceeds them in 
righting power, and whilst at that angle their maximum 


statical power is reached, hers goes on increasing until at 
70 deg. she has nearly double the righting power they had at 
20 deg. 


These three vessels do then, I think, exactly illustrate the 
subject of the quotation I just now made, that additions to 
beam add largely to initial stability, and has no such effect in 
augmenting the range, whilst depth has such effect, and at 
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whole lower sail would be carried, the relative heel of each 
yacht would be widely divergent under these equal sail 
spreads. Such a breeze would travel at about the rate of 20 
an hour, and be equal to a pressure of about 
2.6 Ib. to the square foot. Such a pressure would send Rose 
of Devon to an inclination of 24 deg. ; Jullanar 32 deg. ; and 
Florinda to 40 deg., or to her upsetting point. Of course, 
this is assuming that the sails are trimmed exactly fore and 
aft, and that the wind pressure is exerted at right angles to 
the sail plane; in practice this would not be the case, and so 
far as my observation goes the wind pressure on sails, when 
v are under way close hauled, is not much more than 
half that just now theoretically d. It is, however, by 
no means improbable that a yacht may be so situated as to 
get the full force of the wind on her broadside, with sails 
trimmed flat when at anchor, or from a sudden veering or 
breezing up of the wind. Such cases have occurred with 
most disastrous results, as for instance the capsizing, when at 
anchor, of the Mohawk, an American pone of 30 ft. beam 
and 130 ft. length, and underwater depth amidships of about 
7 ft.; and I believe I am correct in saying that the Rose of 
Devon was once hit by a squall in the estuary of the Thames 
and almost sent to her vanishing point. 
So far as the foregoing illustration carries us there is no 












































Q Degrees of 70° 
ds panauon 


— angles of heel does duty for beam. This can be better 
understood by a comparison of the areas of flotation of the 
three yachts. In the upright position these areas are : 


Square feet. 
Rose of Devon oes ove ose ove 1120 
Florinda = eee oli oe 1100 
Jullanar bee = one cae os 1085 

At an inclination of 50 deg. these areas were found to be: 

Square feet 
Rose of Devon... ove 742 
Florinda Cee eee «- 800 
Jullanar ; ove 960 


That is, the order of comparison is exactly reversed, and at 
60 deg. the Jullanar has 220 square feet more area of flotation 
than of Devon, whilst in the upright position Rose of 
Devon only had 35 square feet more than J . Some in- 
teresting matters came to light here as to variations in the 
metacentric heights, but it will be of more practical interest 
to show the bearing the exemplar curves have on the sail 
carrying power and general behaviour of the 

Each of the three yachts bas in round numbers an area of 
lower sail of 5000 square feet, but in a strong breeze, when 





























narrow, but deep-bodied Jullanar 
ia; but yachts are not desired 
frequent] 


denying that the long, ‘OF 

presents the most secure qualities; but 

to sail at excessive angles of heel, nor are they 

laced in positions where they are likely to be out of control. 

fe will therefore be well to compare the probable behaviour 
conditions. 

It can be assumed that a pleasant breeze of 1 Ib. 


of the yachts under ordinary 


per me 
foot is blowing, and that each yacht has her whole lower 


| canvas set as it would be in ordinary cruising. Such a breeze 


would heel the vessels, if directed at or nearly at right angles 
to the plane of their sails as follows: deg. 
of Devon BR 9 
Florinda ... 00 ww 12 
J 14 


Under such conditions no doubt Rose of Devon or Florinda 
would be by far the pleasantest vessel to sailin ; and Jullanar 
would be regarded as much too crank even for @ cruising 
yacht. Nothing gives more discomfort in a cruising yacht 
than crankness, and a vessel like Jullanar in form, ballasted 
with iron, would not be tolerated. But whilst speaking of 
the initial crankness of narrow and deep yachts, the significant 
fact which the curves disclose, that it is possible for a broad 
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pou CoMPARATIVE TABLE OF DIMENSIONS. The Council are now seriously considering, not perhaps so 
see an eneseres ft come fe Sex, won 
on in ii wi prevent any n 
Rose of Devon. Florinda. | Jullanar. as to its aims and purposes. Though the science of elec- 
See ws} wade baad sorcibe eihietaah ft. 3in. 85 ft. 9 in. 100 ft. tricity is very advanced, there is still vast room for re- 
Length on . ° ese 81 ft. 3 4 8 
I raed. > setany- i005 tat geri < TAMAE, esil 20 ft. 8 in, 19 ft. 4in. 16 ft. 10 in. search, and our widely scattered members, spread all over 
* oa load Iino me 30 ft ¢ in 9 fs ite, wa ake the ~_ of the globe, with the most costly and perfect 
Draught forwar . from stem .,, abe on in. in. their command. ; 
mnwn . . 2° = 11 ft, 9 in 11 ft. 9 in. 13 ft. 8 in. feaher Ths objects of the Boniety if Egy only aval them 
imhiadtmied. =. . 2 2 2 ee 3 ft 1 in, 3it1oin, | Selves of the means at their disposal. Every science, and 
Area of load water plane t... 0 . 2s eae 1120 sq. ft. 1100 sq. ft. 1085 aq ft. especially our science, is the outcome of intelligent observa- 
Displacement - qntte feet... te ‘ 4480 ome feet 5250 -_ feet 5540 .r feet tion a og oy oa pee ioe rd science that owes 
n tons ha as eee oes so muc ractii useful : 
~ per inch of immersion at L.W.L. “a. oe 2.66 tons 2.62 tons - 2.6 tons The por sady A has se of telegraphy. 
Area of immersed vertical longitudinal section ooo ove 785 sq. ft 901 sq. ft. 934 sq. ft. Practical difficulties have su ted i A : nas 
» mid section... ove eae ose eas at 95 sq. ft. 106 sq. ft. 106 sq. ft. bed trial. trial has gees h yore omy 4 
*Midehip section abaft middle of jength of L.W.L. ... 2 ft. Bit. 1 ft. 6in. prome’ , opened the eye mind to 
Centre of buoyancy wep . pea 1.2 ft 1.3 ft. 0.4 ft. urther development, and the result is that the highest 
© ig ee Netow 1 oa ethaiud:. 36 te 236 4 rT} ft. 7 ame po can 4 ot ee to md 
Le ateral resis le e 0! A . . engineer, rical hilosop’ 
Centre effort sails * 60 Py is = 4ft. 15 ft of i is supposed to teach us that to establish oaane? 
Metre centre above centre of ey oo eo (tee of . = = ee on a true basis, we must accumulate a vast-array of facts 
Area of mamncened surface IR pend “mee ° 2116 £q ft, mae ft, 2178 sq. ft. rae seg Lal ig ay pe omnes and —n 
Coefficient of displ t eco ove ooo ene ove a 2 . ‘ J tural order 8 
eh sce as a Laas aes ae ak be 57 tons 54 tons 79.5 tons method pursued by Newton, Faraday, or any great master 
Portion of this ballaston keel... 1. ase coo meets None 8 tons 6 tons of science. Joule has spoken of ‘‘a new era in the 
Area, of msineall a ae ae eee eee 2720 sq. ft. 2762 sq. ft. 2787 sq. ft. history of science when the famous piles 8 of 
© ee) ica. s oe te! ee 810 sq. ft. 778 650 sq. ft. Bacon will be to a great extent superseded, and when, 
Sato oe $2 : 1000 sq. ft. 1045 sq. ft, 875 sq. ft. instead of arriving at discovery by induction from 
io Ace: ane. ad aetna ee i 690sq. ft. 672 sq. ft. 726 sq. ft. experiment, we shall obtain our largest accessories of 
Total area lower sail... =... sue ae ‘ ._. 5220 sq. ft. 5257 sq. ft, 4988 sq, ft. new facts by reasoning deductively from fundamental 
Mainmast deck to hounds ... i caae - 54 ft. 6in. 58ft. principles.’’* . 
soremast oo tte ee co oe = ¥ at Faraday said: ‘I must keep my researches really ex- 
— eae a et ie Pe ssfein 4 > _ ok a perimental and not let them deserve anywhere the character 
Mainga ff sgh Sie Sila aa eo 5 ead 41 ft, 42 ft. 6 in. 42 ft. of hypothetical imaginations.”’+ Nevertheless, all Fara- 
Bowsprit outside ... 9 1s ase ane , .| 36 ft. 36 ft. 24 ft, 6in, day’s researches are c rised by the hand followi: 














The Miranda, Seabelle, Rose of Devon, and Jullanar, have more or less rake to the midship section, and the position given is at the 
point where the greatest section was found, 


JULLANAR.—Tasie or Hair BREADTHS AND DEPTHS. 
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The sections are 5 ft. apart, No. 1 commencing from the foresidse of the stem. Every other section is omitted in the drawing. 


The water lines are 2 ft. apart. 


All the measurements are given in feet, and decimal parts of J;th of a foot with plank on. 


and comparatively shallow yacht to capsize, should not be 
overlooked ; and with regard to the initial crankness of the 
narrow yacht that condition is not wholly without a remedy 
so long as the locus of the centre of gravity is under control. 

This leads up to the point that Jullanar is not ballasted 
with iron, and twenty or thirty years ago a yacht of such a 
form would have been regarded as an impossibility. Neither 
is Florinda ballasted with iron; but Rose of Devon is (or 
was), and the curve exactly represents her range of stability, 
and she further (with Florinda ballasted with iron) fairly 
represents the form and range of stability possessed by 
yachts a quarter of a century ago. 

As a matter of fact Jullanar and Florinda are wholly 
ballasted with lead, and they have about an equal quantity 
of that metal on the keel. The effect of this lowering of the 
centre of gravity on the stability is most marked and will 
be readily comprehended by a reference to the “actual” 
curves depicted in Fig. 2. Jullanar, it will be seen, al- 
though ballasted with 80 tons of lead, as against 57 tons of 
iron in Rose of Devon, is still behind that vessel in initial 
stability ; whilst Florinda nearly equals Rose of Devon in 
righting power at small angles, and her range is lengthened 
out, but it is still far short of the range exhibited by Jullanar’s 
curve with iron ballasting. 


These “actual” curves, therefore, show the exact relative” 


stiffness of the three yachts ; one of them (the Rose of Devon) 
ballasted for cruising, but possessed of the greatest initial 
stability and the lowest range; and the Jullanar ballasted for 
racing and showing the faintest initial stability and the most 
powerful range. It would seem that this condition should be 
exactly reversed, as great initial stability is n for 
match sailing; whilst security ought to be more thought of 
in cruising than the discomfort consequent upon initial 
crankness. However this may be there are times when the 
greater and safer sail-carrying power of a yacht like Jullanar 
will be of inestimably more fae than a stiffness, which is 
a for light winds and too limited in range for strong 
winds. 

The form and stability of yachts have a most important in- 
fluence on their behaviour in a seaway, and tlemen 
generally will rather look at those subjects from this point of 
view. The one-time popular idea was that a vessel to behave 
well, and to be generally easy in a seaway, must have great 
beam in ) mm Spee to her length, and that she must not have 
a large displacement if such necessitated the carrying of a 
great weight of ballast. 

It would seem, however, from the performances of recently 
constructed yachts that good sea-going qualities are com- 
patible with a low situation of the centre of gravity, provided 
the metacentric height is not great, or in other words, pro- 





vided the initial stability is not great. Length and depth 
are the properties on which ease and comfort in a seaway 
chiefly depend, and the general outcry against long and 
narrow yachts arose from the insufficiency of the de 4 the 
were given, and from a fear of ballasting them entirely with 
ead. 

An apt illustration of this can be given by comparing 
J whe with a yacht of ten or fifteen so ‘om. Jullanar 
has 17 ft. beam, and fifteen years ago a yacht with that beam 
would have been about 73 ft. on the load line with 9 ft. depth 
under water amidships. The Jullanar is 27 ft. longer and 5 ft. 
deeper, and in heavy weather could be sailed with compara- 
tive comfort whilst the other would be bad enough hove to. 

The “ all lead” ballasting referred to by no means repre- 
sents the extent to which that metal is at present used. Two 
yachts of 90 tons each have been built during the past winter, 
and each has over 30 tons of lead outside on her keel. In 
proportion to displacement Florinda would have at least 
40 tons on her keel. The effect of this on her stability is 
shown by the curve, Fig. 2. It will be seen that the initial 
stability is largely increased and her range so amplified that 
she would be as uncapsizable as Jullanar. It will thus be 
seen that a practicable lowering of the centre of gravity even 
in a shallow-bodied yacht may bring about a condition of 
absolute safety from capsizing ; butit is questionable whether 
behaviour in a seaway would be so satisfac as that of a 
vessel which, besides a low situation of the centre of gravity 
had also a low centre of buoyancy. 

The influence freeboard has on lengthening out the curves 
of stability is a subject so familiar to every one who knows 
anything about ships that I need not make any remark about 
it here further than say that Jullanar has 5in. or 6 in. more 
side above water than either Rose of Devon or Florinda, and 
the full effect of this is included in her curve. 





SOCIETY OF TELEGRAPH ENGINEERS, 
INAUGURAL ADDRESS. 
By Witu1am Henry Prezce, President. 
(Concluded from page 177.) 

Our Society was established for the general advance- 
ment of electrical and telegraphic science, and more parti- 
cularly for facilitating the ———- of information and 
ideas among its members. The advancement of Fo mages 
science is as much our duty as is the furtherance art 
of telegraphy. Complaint has been made that we have 
devoted ourssives too much to the ventilation of purely 
concrete matters, while abstract questions have been 
neglected. There may be some truth in this stricture on 
our proceedings, and there may even be a cause for it. 





the brain; by observation and experiment checking, as it 
were, the speculations of thought. For forty years he 


pursued his pet notion of the connexion between ay aes on 
and light. He was sure it existed, but it took him twenty- 


three years to prove it. 

Jevons said: ‘‘ Modern science is not the result of the 
Baconian philosophy, it is the result of the Newtonian 
philosophy and the Newton method. The ‘ Principia’ is 
the true ‘Novum Oupeem It is the result of theory 
guiding experiment and yet wholly relying on experiment 
or confirmation ; the brain guiding the hands.’’t our 
practice difficulties have suggested remedies, effects have 
suggested causes, hypothesis has suggested experiment, 
and experience has confirmed or refuted the hypothetical 
anticipations of the fertile brain. The difficulties in work- 
ing underground wires, and in cables, suggested to Faraday 
and to Thomson those researches which have placed the 
laws of induction on ‘‘ the solid ground of nature.’’ The 


necessities of the oe h engineer prompted the members 
of the Committee of t ritish Association to labour with 


such success as to bring the physical quantities of ical 
elements within the fold of exact and absolute measure- 
ment. We glory in the present day in the perfection of 
apparatus which the requirements of telegraphy have 
evoked, and experiments which Newton would have thought 
too minute to fall under the observation of our senses are 
repeated every day. The indications of Thomson’s re- 
fiecting galvanometer, and the beats of Bell’s telephone are 
pre equalled by Whitworth’s gauges and by spectrum 
analysis. 

The development of ocean cables has opened a new world 
to the scientific observer, and Porcupines, Lightnings, and 
Challengers have probed the deep unfathomed caves of 
ocean, swept the bed of the mighty deep, and scoured the 
surface of the seas, to s out new facts, and to open up 
fresh fields for the naturalist, the bio t, and the 
meteorologist. There are many questions that remain un- 
answered, and that offer work for our members ; the dis- 
tribution of atmospheric electricity, the conductivity of the 
atmosphere, the cause and nature of earth currents, the 
electrical relation that exists between the sun and the earth, 
the cause of electrification or polarisation in insulated 
wires, the various phases of induction, and many other 
pm deserve inquiry, for rt to the Society for 
eae at our meetings, and for record in our pro- 

ings. 

Earth currents have been a favourite subject of inquiry 
of mine for many years. I have always entertai the 
idea that they are directly due to the action of the sun. 
Some disturbance in the sun causes, by induction, a varia- 
tion in the distribution of the lines of potential on the 
earth’s surface, and produces the conditions required for 
these currents. I have many facts to support this hypo- 
thesis, but I want more to con it. Professors yi al 
and Perry have developed a theory of terrestrial ism 
based on the assumption that the earth is a hi elec- 
trified sphere, which not only coincides well with » but 
which tends greatly to mapen my views. I want observers 
to record the times of daily maxima and minima. I want 

especially to note during those periods of unusual 
disturbance the direction of the circuits which are not 
affected, for they would give the direction of the lines of 
equi-potential. This not only offers a useful field of obser- 
vation, but its failure or success will illustrate the modern 
method of scientific research, when the brain ts to 
the hand and the eye what they have to do, and a they 
have to look for. 
Our Society not only offers a useful field for scientific re- 
search, but it supplies a very useful arena for the education 
of its members. We s shortly have opened to their 
rusal the finest electrical library in the world—that of 
malds, and we have the hopes in the future of having 
added to it an equally famous one, collected by one of our 
most eminent past-presidents. 


* Phil. Trans., 1858. 
+ ‘‘ Life of Faraday,’’ vol. ii., p. 35. 








t ‘‘ Principles of Science, vol. ii., p.” 
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But kapatedge pained from books should be ‘confirmed 
by experience. e are too much apt to rely on illustra- 
tions, and think we mer — — —— 2 
by pen or pencil. Many a bright i is lor want o' 
an eqpertenity to test its validity. who reason 
theoreticall. ly without demonstrating experimentally are 
sure to fall into error, while those who experiment in a 
hap-hazard way without being guided tically, are 
sure to waste time and money. I want, therefore, to see 
our library su; ented by a laboratory, where those of 
oar members who have not the means at their disposal, can 
not only confirm their reading, but go and examine their 
ideas for themselves by the rigorous test of experiment. 
We are not all Hughes’ who can make scientific tus 
out of lucifer boxes and bonnet wire. If the cial 
abilities of our hon. treasurer prove as successful in 
the future as they have done in the short career which 
has distinguished his past —— of the office, I have 
little doubt that this wish will be within reach of accom- 


plishment. 
There is no more useful mode of imparting knowledge 
than that of ing. ‘‘It blesseth him that gives and 


him that takes.”” The lecturer often learns more than his 
andience. The possession of a laboratory would enable us 
to ask those who have made any special line of study their 
own, to favour us occasionally with a vivd voce explanation 
of their researches and their views. Several societies practise 
this salutary pin which is one that was very strongly 
advocated by Faraday. 

Our ings form a most useful vehicle for the pro- 
mulgation of new facts. History tells us of many brilliant 
experiments and discoveries that have been hidden and 
neglected from the want of proper publication, or of some 
society to take them up. Thus Mayow, a doctor of Bath, 
discovered oxygen over one hundred years before it was re- 
discovered by Priestley and Scheele. Romagnosi, a 
doctor of Trent, discovered the deflection of the needle 
fifteen years before Oersted startled all Europe with its re- 
discovery. 

The great cry of to-day is for technical education. Here 
we have an organisation well suited for furthering this 
object, and with a home of our own, an unequalled 
library, and a well equipped laboratory, we ought to 
be os | to stifle the cry, at least as far as telegraphy is con- 
cerned. 

The science of electricity owes its great development to 
the vast extension of submarine tel phy throughout the 
oceans of the world. The Atlantic has been crossed by no 
less than nine cables, of which three, however, are dumb. 
A thin cord duplicated the whole way, extends from Eng- 
land to Australia, it is — to India, and one wire 
extends from Aden to the Cape. There are no less than 
97,568 miles of submarine cable now in working order. In 
spite of the wail of distress that bas depressed the commer- 
cial world, cable enterprise has not fallen below the average 
during the past year. 

During the past twelve months the Tel ph Construc- 
tion Company has manufactured 6800 knots, Siemens 
Brothers ¢ knots, the Silvertown Company 900 knots, 
and Mr. Henley 107 knots of cable—11,407 knots of cable 
laid by commercial enterprise in all quarters of the globe 
in one year ! 

The maintenance of the long mileage of cable requires the 
employment of a fleet of ships. There are now no less than 
27 steamships employed for telegraphic purposes in different 
rte of the po They are all well officered and specially 

tted up with machinery and apparatus to facilitate their 
operations. They are each provided with a skilled staff 
specially trained to observation and experiment. We are 
much indebted to Mr. Jamieson for a very interesting 
paper on ‘‘Cable Grappling and Lifting,’ but with this 
exception we have little or nothing to chronicle of their 
doings. It is surprising how few are the facts that have 
been added to our knowledge by such an organisation. It 
is owing certainly not te want of zeal, but perhaps to an 
ignorance of what is needed. If they were to study Sir 
Wyville Thomson’s ‘* Depths of the Sea’’ or his ‘‘ Voyage 


-of the Challenger,’’ if they were to provide themselves 
with a good ee with sample bottles and alcohol, 
they would be surpri to find how much they would in- 


crease their own enjoyment, afford gratification to their 
friends at home, and further the interests of science. In- 
deed, ocean life is becoming a source of considerable 
anxiety to the ny = h engineer, for many little creatures 
have developed a decided penchant for the constituents of 
which cables are com - In all the recent cables laid 
within depths of 100 fathoms by the Telegraph Construc- 
tion Company a wrapping of thin prass has been externally 
applied to provide for this growing evil. Damage to the 
[Soy we a has not been observed at ter depths than 
00 fathoms, but some specimens of the Atlantic cable of 
1865 which have recently been reco from a depth of 
2000 fathoms, gave unmistakyble evidence of the destruc- 
tion of the hemp by some boring animal. 
At home, the greatest advances have been made in appa- 
ratus. The mileage of wire that has been erected in Eng- 
land to meet the enormous increase of telegraph business 
that has occurred since 1871 is trifing. e@ average 
weekly number of m in the month of October, for 
the former year, was 000, the greatest number ever 
reached at that time, while for this last year it amounted 
to no less a figure than 586, his great increase has 
been provided for by the improvement in Wheat- 
stone’s automatic apparatus ; by the introduction of duplex 
working, and more recently by the quadruplex system. The 
duplex and quadruplex systems have been proved to be ap- 
plicable to automatic ing, and the s of working long 
circuits been much increased by the insertion of interme- 
diate relay stations. But we have reached a limit ; our system 
is actually gorged with m ; failures of wire cause 
considerable trouble, inconvenience, and complaint; the 
public—our watchful bat not lenient masters—are begin- 


come essential. It is hoped that a new trunk line to the 
north and many additional wires will be erected during the 
ensuing summer. There is also strong reason “to ve, 
that for the first time since the acquisition of the tele- 
graphs, the balance on the right side will be sufficient to 
show a surplus over the dividend on the capital expended in 
the acquisition of telegraphs by the State. 
The improvement of ap in this country is a 
veritable case of growth by evolution. The instruments 
themselves are in a constant state of transition. Every 
defect or deficiency as it develops itself is removed, and the 
result is that the instrament grows by a process of 
cultivation and of intelligent selection, prompted by experi- 
ment, guided by theory, and confirmed by practice. Itis not 
too much to say that in quality of manufacture, efficiency 
of performance, and perfection of design, the apparatus 
of this country takes its position in the very front rank. 
This applies not only to the apparatus used by the Post 
Office, but essentially to that employed by the cable tele- 
graph companies. Even lately a very great step forward 
been made by Mr. Harwood, of the Eastern Telegraph 
Company, who has recently much improved the duplex 
working of cables, both as re 8 and efficiency. 

The cry that invention has been checked by the monopoly 
of the Government is made by those who are ignorant of 
contemporaneous history, who are too callous to inquire for 
themselves into the truth of the accusation, and with whom 
most probably the wish is father to the thought. 

The telephone—the t excitement of the pay ses- 
sion—has made but little progress during the past year, 
though there is no doubt that, through the discovery of the 
principle of the microphone by Professor Hughes, the 
practical applications of that wonderful instrament have 
been much improved. In fact, Professor Graham Bell, 
Me. Edison, Mr. Elisha Gray, and all those who have been 
working in this field, have laid aside their own particular 
form of transmitter, and have adopted one that is a mere 
form of microphone. In England we have one or two ex- 
excellent forms. Those of Mr. Louis Crossley and Mr. 
Hunnings leave little to be desired, while in America that 
of Mr. Francis Blake is admirable, and is also much used 
in England. Litigation has commenced between the Post 
Office and the telephone companies not to restrict or in any 
way to interfere with the use of the telephone, but to pre- 
vent the establishment of a particular branch of Post Office 
telegraph business without its license or consent. 

A curious controversy as to the seat of the vibrations, 
which result in the reproduction of speech, has occupied 
the attention of certain physicists on the other side of the 
Channel. Some following Graham Bell and led by Count 
du Moncel attribute the effect solely to what may be called 
the Page effect, viz., a molecular disturbance of the magnet 
itself. Others led by Colonel Navez prefer to follow me in 
a theory I first propounded at Plymouth,* viz., the sonorous 
vibrations are set 7 by the mechanical movement of the 
dise itself. Both theories are really true, and the con- 
troversy is, like many other scientific controversies, a war 
of wor The motion of a mass is the integration of the 
motions of the molecules of the mass. There is the Page 
effect in the magnet, and there are the effects of magnetic 
attraction on the disc ; the resultant action being sonorous 
vibrations. In point of fact, there would be no sonorous 
vibration if there were no molar motion, and there would 
be no molar motion if there were no molecular disturbance. 

The electric light has been making considerable progress, 
and is gradually forcing itself into practical use, in spite of 
many of the drawbacks to its employment that have yet to 
be removed. The lamp of the future has not yet been pro- 
duced, though steadiness and duration have very much 
advanced during the past twelve months. There is very 
little room for improvement in the generating machine, for 
both the Siemens and Gramme machines convert about 
90 per cent. of the energy thrown into them into electric 
currents, and this is a duty which no other kind of machine 
can show. 

One of its most notable and useful applications has been 
on board ship, to further the operations during the night 
in laying and repairing cables. I was present on board 
the s.s. Dacia, in the Mediterranean, when this was done, 
and the success was unequivocal. 

The Brush machine has recently been introduced into 
this country, and its performances are certainly very 
wonderful. It produces an electro-motive foree of over 
800 volts, and I have seen it maintain 20 very steady arcs 
joined in series. Sixteen ap to be its efficient limit, 
and this number of lamps, giving over 1000 candle power, 
are oy maintained by an expenditare of 13} horse 
power. The performances of the Brush light are certainly 
the most advanced form the electric light has yet taken. 
There are over eight hundred of these lights in the United 
States ; and it is worthy of notice that it has quietly crept 
into existence without the aid of the ubiquitous and 
omniscient newspaper correspondent, or the transmission of 
any sensational telegrams, to the detriment aud discomfort 
of RB shareholders. 

t is assumed by many that the electric light is devoid of 
heat, but Professor Dewar has shown that a Siemens arc 
radiates heat equivalent to three horse power per minute. 
Moreover, the use of such powerful currents, unless care- 
fully directed, are dangerous to life and limb, and may 
even, unless properly protected, result in fire. 

Gas is not going to be affected by the electric light. The 
proper function of gas is to generate heat. Ninety-four 
per cent. of the ingredients of gas are consumed in generat- 
ing heat, and only 6 per cent. in producing light. It is re- 
markable that so amenable and tractable an agent for heat- 
ing purposes has not been more utilised, but the fact is 
that the public is ignorant of its Brgy careless of its 
employment, and callous of its defects. It is not too much 
to say that 50 per cent. of the gas manufactured is abso- 
lutely wasted for illuminating purposes by the wild ex- 


travagance with which it is burnt, and by the want of those 
systems of regulation which have been introd to 


com te for — and excesses of pressure. 

The utilisation of the illimitable wasted on the 
earth’s surface offers a fine field for the ingenuity of the 
electrician. The tides of the ocean, the motion of the at- 
mosphere, the rapids of a river, the innumerable waterfalls 
that are found in every mountainous or hilly country 
could be compelled to give up in the form of electric currents 
that energy which gives them existence, and which could 
thus be employed for providing power, generating heat, 


ul | or supplying light, away amg from their source of 


conversion. In fact, Sir W' Armstrong, near New- 
castle, and an enterprising hotel pone in Switzerland, 
have already produced light in their houses by converting 
into that form the energy of a neigh ing waterfall. 
I cannot omit mentioning the researches of Professor 
Hughes. Here we have the case of a telegraph engineer 
who has spent the best part of his life in improvin 
the working of telegraphs, resting from his labours wi 
well-lined purse and turning philosopher. Spurning 
the costly apparatus of the philosophical instrument maker, 
he takes the simplest and. cheapest materials he can lay his 
hands on, and with fine inventive skill, aided by an 
instinctive mechanical turn of mind and well trained 
hand, he forces nature to develop unexpected secrets, and 
he enables the chemist of the Mint to detect an in- 
finitesimal trace of impurity in the bright golden sovereign. 
Moreover, he has not only dete an absolute zero 
in nature, but he has given the physician a standard b 
which he can measure the relative sensitivity ‘of the dullest 
and sharpest ears. His induction balance and audiometer 
are fit sequels to his microphone, and I venture to predict 
that he will yet wring out of Dame Nature some other facts 
that have laid dormant since the first fiat went forth, ‘‘ Let 
there be light.” His mode of investigation is a very apt 
illustration of the practice I have previously described as 
so successful in modern scientific discovery, of making ex- 
riment subservient to hypothesis with the view of further- 
ing science. His investigations have been made without 
the slightest idea of gaining filthy lucre or of taking by a 
flank movement some successful inventor’s patent—prac- 
tices which, I am sorry to say, in these immoral times are 
far too frequent to be valatable. 

We cannot but congratulate ourselves upon the 'position 
of our Society. Our first President, Dr. Siemens, in the 
first paragraph of his inaugural address, remarked that, 
** Some years must necessarily elapse before our Societ 
can have given substantial proof of its useful action.”’ 
venture to submit that those years have passed. Our 
success exceeded the most sanguine anticipations. Our 
work has been thought of sufficient importance to merit 
special reference in the first annual address of the gifted 
and able President of the Royal Society. The good that 
our Society has done and is doing is patent to all. It 
stimulates thought, it encourages experience, it furthers 
the science, and it develops the art of telegraphy. It in- 
culcates knowledge, and is therefore eiseditea! ; itrecords 
results, and is therefore historical ; it cements friendship 
and promotes good fellowship, and it has therefore a moral 
influence ; but, above all, it knits together in one family 
bond that great widespread brotherhood who are found 
scattered in every quarter of the world, maintaining and 
— ** the wonder-working wire,’’ to the annihilation 


0 
of space and the economy of time. 





THE STEAM TRIALS OF H.MS. “IRIS.” 
On the Steam Trials of H.M.S8. “‘ Iris’”’ and the 
Resistance of Screw Propellers.* 

By J. A. Normanp, Member of Council. 

In a most elaborate and interesting paper read at the last 
session of the Institution, Mr. Wright has applied the theory 
of the late lamented Wm. Froude to the steam trials of 
H.M.S. Iris, and the result of his investigations is that this 
theory cannot account for the great difference of performance 
of the different screws. . 

I have made a careful analysis of those experiments, and 
beg to show that the discrepancies observed are very probably 
— to an insufficient estimate of the direct resistance of 

e es. 

Beaufoy’s experiments (however antiquated this opinion 
ra seem to be) are still capable of furnishing reliable data, 
and I shall take a few of the results of those experiments in 
order to show that in most screws the direct resistance 1s 
ey xperiments, the total resistan 

n the re of Beaufoy’s experiments, the Tes ce 
of the cals enpaiemad upon is divided in friction and 
plus and minus pressure or direct resistance. As the friction 
planks which were used by him to determine the coefficient 
of friction were nearly of the same length as most of the 
bodies, the calculation is accurate, and it is not necessary to 
alter that coefficient for difference of lengths (as shown by 
Froude’s experiments). Accordingly, the direct resistance, 
or plus and minus pressure, as Beauloy calls it, may be taken 
as accurate, and it remains to compare that direct resistance 
with the friction of the vertical sides only, as the top and 
bottom do not exist in screw blades. p 

The fricti coefficient found by Beaufoy is very nearly 
that of tinfoil found by Mr. Froude for equal lengths of 
surface, but it will be better to take here Mr. Wright's co- 
efficients, which are much higher, especially on account of 
the small lengths of screw blades surfaces. 


These coefficients are as follows : i" 
For screws Nos. 1 and 2... 0.00564 
e No.8 ue ove 0.00345 
00332 


*» No. 4... es dbs eos 0. : 
It will be sufficient to effect the calculation with the higher 
and lower coefficients. : 
The Table at end gives an exact plan of the bodies calcu- 
lated upon, the direct resistance according to Beaufoy, the 











ning to growl, and the erection of additional wires has be. 


* British Association meeting, 1877. 


* Paper read before the Institution ot Naval Architects. 
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Tue REsISTANCE OF SCREW PROPELLERS. 





PLAN OF BODIES. 


The Depth of each being 1 ft. Immersed Midship Section of 
each of Beaufoy’s Bodies= 1 Square Foot. 
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3 S33 e Frictional Resistance Ratio of 
-3 Fs} inst the Two Vertical} Direct to 
= EZ on ides only. ot 8 Nautical | Frictional | 3 
> rt ab iles. Resistance. 3 
p ERas E 
a 2§ ag 3g |Computed by Mr. 2 
- a gg 5 é = Wright's Co- a 
a4 Sac" Aa r g efficients. & 
° 3 = R R 
=n lease ee See 
a |SBeE : ER R’ | RY 3 
$2 |z é g24| 5 ‘= | 0.00564 |0,00382. S 
Es |EGSkS 2 R’. R/. 3 
Ze R. <q" & 
sq. ft. Ib. Ib. Ib. Ib. 
17.00 30.67 7.34 17,52 10.30 | 1.75 | 2.97 | 832 
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14 02 30.49 6.05 14.45 8.49 | 2.11 | 359) Do. 
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surface of the two vertical sides only, and the friction upon 
these two vertical sides found by Beaufoy, and that computed 
according to Mr. Wright’s frictional coefficients 0.00564 and 
0.00332 respectively. : 

In order to show that the screw blades of the Iris may be 
compared with Beaufoy’s bodies, a section of those blades 
taken at half length irom the boss, is given in the same 
Table. 

If we compare body A Pa, for instance, with the screws of 
the Iris, it seems very probable that the ratio of direct to 
frictional resistance of that body is less than that of screws 
Nos. 1 and 2, and about the same as that of screws Nos. 3 
and 4; and we see from the Table that this ratio is equal to 
unity with the larger frictional coefficient, whereas it is much 
greater with smooth surfaces. : 

It may be objected that screw blades travel obliquely, 
however small the angle may be, through the water, so that 
they are not exactly comparable with ufoy’s bodies, and, 
also, that the sides of these bodies are not rounded and fair, 
as ordinary screw blades are. : 

Altogether, and rye | due allowances, it remains ex- 
tremely probable that, with smooth surfaces, such as those of 
screws No os. 3 and 4, the direct resistance of screw propellers 
instead of being only 10 per cent., as estimated by Mr. 
Wright, is greater than friction. In what proportion, it is 
yet impossible to say, and experience alone can decide. 

In accordance with this opinion is this fact, which I have 
every reason to believe true, that no great difference of per- 
formance has been observed in the Iris, whether the screw 
blades were polished or rough from the sand. 

It should also be observed that the direct resistance in- 
creases according to a higher power of the speed than friction, 
so that, at 50 or 60 knots, a speed often attained by screw 
blades, the ratio of the two resistances should be much 
greater than at 8 knots. 

It is also extremely probable that the direct resistance in- 
creases as the thickness is reduced, or, in other words, that 
the direct resistance of a board 1 in. thick and 12 in. high is 
greater than one-twelfth the resistance of a body 1 ft, square, 
with ends similarly sha At least this is true for 
Beaufoy’s short friction plank, with semicircular ends, 3 in. 
thick,{compared with a similarly shaped body 1 ft. broad. 
At 8 knots, the direct resistance per square foot, of the 
former, is 1.60 that of the latter. A similar result is given by 
other bodies respectively 3 in. and 12 in. thick. Should this 
be true, and the matter could easily and with great ad- 
anes be decided by experiment, the edge resistance in 
screw blades would be greater than assumed from Beaufoy’s 
bodies 1 ft. square. 

_ Taking all this for granted, it may easily be seen that, 
instead of 1000 horse power being lost by the resistance of 
the Iris’s screw, No. 1, at full speed, 2000 horse power is 
nearer the case. I have ascertained, also, that the direct re- 
sistance of screw No. 1 is about double that of screws Nos. 2 
and 3, and more than double that of screw No. 4. 
ides, animportant loss of power has been set aside b 

Mr. Wright, and this is the longitudinal component of both 
resistances. From arough calculation, I believe this loss of 
power to be about 18 per cent. for screw No. 1, 
cent. for screw No. 4 of the loss 
<< =~ peristonee. 

wo different kinds of experiments could be tried for 
solving the problem which forms the subject of this paper : 


¢ and 23 per 
resulting from both frictional 


1. To try screw propellers exactly alike, but with very 
different thicknesses of blades, and also the same propellers 
with very different polish, which could easily be done in 
mixing sand with paint. 

. To measure simultaneously the resistance of planes 
shaped like screw blades, and moving obliquely through 
water. 

If the lateral resistance, that is to say, the resistance per- 
pendicular to the motion of the planes, could be recorded at 
the same time, which seems relatively easy with the i 
used by Mr. Froude, these experiments would perhaps furnish 
om data to establish a sound theory of the screw pro- 
peller. 








EXPLOSIVE AGENTS. 

Ar the meeting of the Institution of Civil Engineers on 
Tuesday, the 23rd of March, Mr. W. H. Barlow, F.B.S., 
President, in the chair, a paper was read on ‘‘ Explosive 
ae applied to Industrial Purposes,’’ by Prof. Abel, 
C.B., F.B.S., Assoc. Inst. C.E., &c. 

The author pointed out that, since this subject had been 
brought by him before the Institution in 1872, the advan- 
tages of explosives more violent in character than gun- 
powder for many important industrial uses had become so 


| widely known and extensively utilised, that the supremacy 


of gunpowder, as the only practically useful and economical 
blasting agent, had for some time been a thing of the past. 
The greatly superior results furnished by dynamite, gun- 
cotton, and other explosive agents of the same class, when 
applied to work in which their rending and shattering 
action was valuable, had led to the replacement of der 
by them in many directions. It had also had the effect of 
rendering miners more critical in regard to the quality of 
blasting powder, a result which had operated beneficially, 
not only by a bestowal of greater care upon 
the manufacture of blasting powder, but also by leading to 
improvements in the nature and form of powder. An im- 
proved blasting powder of Messrs. Curtis and Harvey was 
referred to as one illustration of this. An account was given 
of the advantages attending,the employment of compressed 
poe. in the form of the charges first devised by Messrs. 

avey and Watson, and manufactured by Messrs. John 
Hall and Son, which were rapidly coming into extensive 
use, and which presented unquestionable advantages over 
granular powder, on the score of convenience and compara- 
tive safety, as well as of greater efficiency. Other improve- 
ments in the application of gunpowder having been referred 
to, the author proceeded to examine into the progress which 
had been made in the production and —a of prepa- 
rations of -cotton and nitro-glycerine, observing that 
but few of the many proposed substitutes for gunpowder, 
to which he had alluded in 1872, had received any important 
applications. 

The advantages attending the employment of wet gun- 
cotton were described, and the manner in which its detona- 


tion was brought about was examined ; the theory of the 
| development of detonation, as distinguished from explosion, 


and of its transmission, being incidentally discussed. 
Various important technical applications of wet gun-cotton, 
dynamite, &c., were referred to, as illustrating the utilisa- 
tion of the comparatively instantaneous character of deto- 
nation. It was pointed out that the safety, power, and 











comparative simplicity attending the application of wet 


tions for which violent 
ss fe A ag adoption for sub- 
marine mines, torpedoes, engineering opera- 
tions generally. On the other hand, er aes rere 
employed either wet or dry, was now only used a limited 
extent 00 & tlaating agued, ahd in the form of prepara- 
tions sold under names by which their nature was 
» CON’ 
compressed 
was supplied to the miner 


gun-cotton to the larger 
explosives were valuable, 


into com » 
pure nitrated Fa gee 
be geen ge ee a a ee 
ting was ing. account was 
given of the rapid progress which been made in the 
application of the nitro-glycerine and Kieselgubr mixture, 
called Dynamite, to the T capnon of — sae Payne 
glycerine preparations. The employment o! mite upon 
Teaco cori wea Siashuehddl tar eelectines ta tie the ous 
operations connected with the destruction of the reef at 
ell Gate, in East River, New York, when a total of 
49,915 lb. of dynamite and other nitro-glycerine prepara- 
tions was exploded in one single operation. The objecticns 
to the employment of nitro-glycerine in the pure liquid 
state were pointed out. Reference was made to the 
tendency of p aoe ite to freeze, and the necessity for thaw- 
ing it before use, as a prolific source of fatal accidents in 
connexion with mines and quarries, owing chiefly to reck- 
lessness of the men, and their disregard of caution and in- 
structions. In the course of the paper, the author referred 
repeatedly, and in strong terms, to the mischievous and 
frequently disastrous effects of misleading statements with 
respect to the safety of particular explosive agents, such 
as the absence of noxious gases in connexion with their 
use, &c., which had, from time to time, been published 
and circulated in mining districts by the manufacturers 
and vendors, and which not only engendered false ideas of 
safety, but also encouraged the natural tendency to dis- 
regard precautions. 
An account was next given of a new class of nitro- 
draw preparations, devised by Nobel, of which the so- 
led blasting tine was the type, and which presented 
such decided advantages over dynamite in several direc- 
tions, that they had already, to an important extent, sup- 
lanted it on the Continent, and promised to extend greatly 
he safe and efficient application of nitro-glycerine. In 
giving an account of the en yoy of blasting gelatine, 
and of certain difficulties which had to be overcome in its 
application, the author described a series of experiments he 
had made with the view of increasing the relative power, 
&c.,.of the more important explosive agents erence 
was also made to useful practical results which attended 
investigations on the transmission of detonation to con- 
siderable distances. The paper concluded with a review 
of the beneficial results in connexion with the manufacture, 
pres op storage, and use of explosive agents, which had 
attended the judicious application of the measures included 
in the Explosives Act of 1875 ; and with these comments on 
the one hand, on the necessity for increased activity on the 
part of local authorities in some directions, in connexion 
withthe Act, and, on the other hand, on the danger to 
the public and to commercial interests, resulting from the 
rsistent refusal of railway authorities to facilitate the 
legitimate transport of explosives. 





FOREIGN AND COLONIAL NOTES. 
Water Supply of East London.—Mr. Gamble has re- 
rted on the water supply of East London, South Africa. 
e states that the town can obtain its water supply from 

the Buffalo, either by gravitation or by pumping, and he 
gives an estimate of pres — iat the former $6,0001., 
or for the latter 20,0001.—not in either case including the 
cost of distribution in town, or compensation for land. 
The length of pipes necessary, should the former scheme be 
adopted, will be 153 miles, and the intake will be near 
Wagon Drift. 


Yachting in the United Staies.—Mr. Roach, on the 
Delaware, has orders for a fine iron yacht for Mr. W. 
Belden, of New York; and the Cramps are building for 
New York clients another yacht of the same general de- 
scription. 

Sarrebruck Coal.—The production of coal in the 
Sarrebruck district in 1879 amounted to 4,490,242 tons. 
The corresponding production in 1878 was 4,353,386 tons. 


Vienna Tramways.—The Vienna Tramways Company 
earned its shareholders a dividend in 1879 at the rate of 
7 per cent. per annum. 


The Panama Canal.—The route proposed for M. de 
Lesseps’ Panama Canal is more or less that of the Panama 
Railroad. The proposed canal starts from Limon Bay at 
a depth of about 25 ft. and alittle north from the island of 
Manzanillo, by which it will be protected from the violent 


north-eastern winds prevailing there, principally during the 
dry season. A great Sock and i Mout tt. in length 
are to be built, and will add the voy of the port. 

to the Bay of 


On the Pacific side the canal debouches far 
Panama at a proper depth. The total length of the canal 
will be 45} miles, including the two extreme ends. The 
depth of water is fixed at 27ft.10in. In hard rocks the 
width at the surface of water will be 73 ft., and on the soft 
earth 188 ft. The slopes will be from 1 to 
soft rock, 2 to1 for earth, and 0 on hard rock. While 
traversing hard rock the vertical sides of the canal will 
be 6 ft. 8 in. above the water level. The minimum 
radius of the curves is fixed at 10,000ft. The canal will 
admit only of the navigation of one vessel, not being wide 
enough for two alongside of each other. But at short dis- 
tances it will have openings in which a vessel will wait for 
the passage of another. 


Port Augusta Railway.—The construction of a railway 
from Port Augusta, South Australia, 200 miles north, to 





the Government Gums, is progressing rapidly. ‘Tbe line 
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was recently opened to Quorn, but the permanent way is 
laid for 56 miles beyond Port — and the earthworks 
are in an advanced state for nearly 100 miles. The bridges 
are finished as far as Kanyaka, the sidings are laid at the 
Willochre and Eaggeke stations, and the water supply for 
both has been nearly completed. According to recent ad- 
vices it was hoped that the line would be opened to Castle 
Gap, a distance of 62 miles, by the end of February. A brief 
a ion of that portion of the railway now available 
for traffic may be of interest. From Port Augusta the lines 
run in an easterly direction, 2 miles out crossing a lagoon, 
which necessitates the formation of earthworks for a dis- 
tance of 39 chains. Saltia Creek is struck between 7 and 8 
miles out, and is crossed pe —— 140 ft. in length, in five 
spans of 20 and one of 40ft. The course of the creek is 
followed from this point, through the Flinders Range, up 
to the summit of Pichirichi Pass, and it is crossed several 
times. The line begins to rise 4 miles out, and the cuttings 
and embankments generally increase in magnitude, and the 
gradients grow steeper, until at 9} miles the line enters 
the range, where the works and ascent become heavier still. 
From this point to the summit of the Pass, 204 miles from 
Port Augusta, the rond is very rugged and steep, the 
gradients being 1 in 60. The railway winds round the 
spurs of the hills, and there is hardly a pices of straight 

rough the pass for several miles, the line forming an 
almost continual series of sharp curves varying from 5 to 
20 chains in radius, there being no less than five of the 
former dimensions. The average radius is 7 chains. If 
the curves through the range had been increased to a 
radius of 1000 ft. and if the gradients had been corre- 
8 ondingly lessened, the line would have cost 44,2501. more 
t it done. As it is, in order to save expense, the 
contour of the country has been followed, and, conse- 
quently, the road has had to be benched or cut out of the 
sides a the hills, which in some cases are composed of 

8. 

Tramways for Brisbane.—A proposal to lay down tram- 
rails and run horse tram-cars = the treat of Brisbane 
has been submitted to the municipal authorities by Mr. 
Mackay and Mr. Royce, on be of a projected 
and railway company. They ask for permission, 
first place, to down about three miles of line 
from the junction of the Ipswiech-road and Woohoongabba, 
vid Victoria-bridge, Queen-street, Wickham 
and Ann-streets, to the Stratton-road, Fortitude Valley, 
with loop or circular lines to the railway gate, vid Roma 
and George-streets, and to the wharves, vi 


ee 





the ts of traffic would justify the company in runni 
cars. The sketches of Ghoqansiage to be weed show - 
some and roomy » Similar to those used in London, 


Edinburgh, Liverpool, Adelaide, and other cities. There 
is a sim proposal from another embryo company who 
propose to use steam locomotives. 


Locomotives for Japan.—The Japanese Government has 
eommissioned Mr. Joseph U. Crawford, an American 
engineer, who recently spent a year or more in Japan, to 
contract for two locomotives in the United States, for a 
narrow gauge line on the Island of Jesso, the farthest one 
north in the Japanese group. Mr. Crawford has let con- 
tracts in Pittsburgh for the two engines, which are to be 
called the ‘‘ Benkai’’ and ‘‘ Yoshitsze,’’ after two celebrated 
Japanese heroes of ancient days. They are to be provided 
with the latest and best improvements, including the 
Westinghouse air brakes. The cars for the road are to be 
built at York, Pennsylvania. The spikes will be obtained 
from Pittsburgh city. The rails are ordered in England. 

Locomotives on the Chicago and Alton Railroad.— 
The number of locomotives owned by the Chicago and 
Alton Railroad at the close of 1879 was as follows: Loco- 
motives with six driving wheels and four leading wheels, 
14; locomotives with six driving wheels and two leading 
wheels, 11; locomotives with four driving wheels and four 
leading wheels, 145; locomotives with four driving wheels 
(ewitehing), 16; locomotives with six driving wheels 
(switching), 1; total, 187. All these engines are con- 
structed for burning coal, 65 are cunpees with the West- 
inghouse automatic air brake, one with the Eames’ vacuum 
brake, and one with the Card steam brake. 

Australian Railways.—It appears that at the com- 
mencement of 1879 there were, in New South Wales, 688 
miles of railway opened for traffic, while in Victoria the 
corresponding extent of line was 1035 miles. The aggre- 
gate distance ran y trains in the two colonies in 1878 
was in New South Wales 2,655,176 miles, and in Victoria 
3,095,590 miles. The number of passengers carried in 
New South Wales in 1878 was 3,705,733, and for the same 
period in Victoria 3,829,255. It appears also that the net 
revenue in 1879 was, for New South Wales, 366,000/., and 
for Victoria, 590,9761. The a pom invested in the lines 
— for traffic in New South Wales was 9,784,4651., and in 

ictoria 15,343,2401. The net return on capital was 
about the same in both colonies, viz., something under four 
per cent. per annum. 


Piers and Docks at New York.—Some millions of dollars 
are being invested in _ and dock improvements, grain 
elevators, &c., on the New Jersey side of the North River, 
in ex ion that an enormous shipping interest will be 
concentrated all along the river front at no distant day. 
ba latest improvement is the reconstruction, by the Penn- 


Steamship Company as soon as it is finished. A great 

grain elevator for this company, calculated for about 

1,500,000 bushels, is now well advanced, and will be finished 

in time for autumn business. The Delaware, Lackawanna, 

= —_— Railroad Company is also building extensive 
ocks. 


American Telegraphy.—The Baltimore and Ohio Rail- 
road Company, controlling 6000 miles of wires and 400 
offices, made an arrangement for ten years with 
the American Union Telegraph Company, by which the 
latter undertakes to manage all the telegraph work and 
business of the railroad company’s lines. 


Steel Rails in Europe.—lt is estimated that Great Bri- 
tain will produce in 1880 from 775,000 tons to 800,000 tons 
of steel rails. Germany made about 400,000 tons of steel 
rails in 1878 ; this total is expected to be largely inci 
in 1880 by the starting of idle works and extensions of 
plant. The probable steel rail production of France in 
1880 is set down at 275,000 tons; that of um at 
150,000 tons ; that of Austria at 250,000 tons ; and that of 
Sweden and Russia at 150,000.tons. Altogether it is esti- 
mated that the aggregate production of steel rails in Great 
Britain and Europe in 1880 will not fall far short of 
2,250,000 tons. 

Cars and Locomotives on the Illinois Central.—The 
company is now building 6 cars similar to those used on the 
New York elevated lines in order to facilitate ingress and 

. These cars will seat 40 persons—only two less than 
the ovlinery coach—weigh only 14 tons when empty, and 
when | no more than those now in use weigh when 
vacant. As an experiment an engine of the “‘ double-ender 
type is being builf at the Rogers Locomotive Works. It 
wil have two; pairs of 48 in. drivers, and weigh 31 tons 
empty. Asthis engine will not have to be turned, much 
time will be saved. At present all engines after arriving 
at the Lake-street dept have to run back to a turntable at 
Sixteenth-street, a mile and a half. 


Steel Rails in the United States.—American railroad 
companies using steel, which a year since cost them 
46.50 dols. per ton, were then glad to sell their old rails at 
18 dols. per ton, the actual cost of the steel being there- 
fore 28.50 dols. per ton. One of these railroad companies 
has recently sold its old rails at 50 dols. per ton, spot cash, 
and if it had bought steel at 80 dols. per ton the cost of 
steel to it would be 30 dols. per ton, or only 1.50 dols. per 
ton in excess of the cost one year since. 


Public Works in France.—The expenditure of the 
French Government in 1877 upon railways, canals, and 





qyevenie Company, of what is known as the Old 
unard Docks, nearly all the piles having been driven for 
® pier 130ft. by 530ft., to be occupied by the Red Star 


rts was 2,720,0001. In 1878, the corres; ba 
iture was 4,320,0001.; and in 1879, 700,000 his 
year it is expected to amount to 12,000,000/. 
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JAPANESE METALLURGICAL 
PROCESSES.—No. II. 
By Epmunp F. Monpy, F.C.S. 


CopPeEr. 

Tne ores of copper stand first in importance of 

the metalliferous minerals found in Japan. The 

+ abundance, comparatively and actually, of 
these ores, has caused the metal to be applied to 
various purposes for which, with us, iron or other 
metals find a more fitting place, and this abundant 
use of copper has reacted upon the industries of 
exploration and metallurgical treatment of the ores, 
which, as a result, have at the present time reached 
a comparatively high degree of perfection. 

Copper ores are found in nearly every province of 
Japan. Munroe* says it is reported to occur in 33 
out of the 38 Ken and Fu into which Japan is divided, 
while Godfrey} gives a list showing that of a toval 
of 1095 metallic mines in Japan, either leased or 
being worked for exploration in 1874, including 
11 different metals, 118 were for copper, in addition 
to 313 for copper with one or more of its associates 
—lead, silver, tin, and antimony. 

Practically all the ores of copper are found in 
Japan. Godfrey,t however, states that the red 
oxide of copper is not found, while Geerts,§ on the 








other hand, says that this mineral is found in at 
Jeast three provinces. The chief ore is, however, 
— pyrites, frequently associated with the richer 
sulphides of copper, silver ores, blende, galena, iron 
pyrites, &c. Native copper occurs in small quan- 
tities, more particularly in the northern provinces. 

Respecting the history of copper mining in Japan 
there is, as in all other events prior to the middle 
of the seventh century, a considerable amount of 
rpeculation, owing to the want of any exact records 
up to that date. Copper is said to have been first 
discovered in the reign of the Emperor Temmu 
(678—686) a.D., the date given being 684 A.D. The 
Emperor Gemmiyo introduced copper coinage in- 
stead of the small silver coins in use at that time, in 
eonsequence of which the period of his reign is called 
Wa-Do (Japanese copper) the coins bearing the 
eharacters Wa-Do, Kai-Chin (Japanese copper, newl 
discovered precious thing). Gemmiyo reigned, 
according to different accounts, from 706 to 712 A.D. 
or 708 to 714 a.D. Munroe assumes that copper must 
have been known long before this period, and judg- 
img from ancient relics in the land he is probably 
yg oey but the Japanese have no earlier record of 
its use. 

Among other things, some mysterious copper bells, 
of which Munroe speaks, have from time to time 
been dug out of the earth. A short account of 
these, given by a Japanese, Kanda Takahira, Go- 
vernor of the Hiogo Ken,|| shows that they must 


* ‘*The Mineral Wealth of J: ”’ _A paper read be- 
fore the American Institute of Engineers at their 
Philadelphia meeting, June 1876. 

_t “Report on the Mines of Japan.” Mr. Plunkett to 
Sir Harry 8S. Parkes. Yedo, April 22 





have been made before the date 684 A.D. of the 
assumed discovery of copper. From the fact, how- 
ever, that these bells have always been found buried 
in the earth, their origin is surrounded in mystery. 
The early methods of smelting were doubtless very 
rude, — it was not until after the early settlement 
of the Dutch in Japan that any real progress was 
made in the art. 

The most important copper mines are those of Ani 
in the Akita Ken. These mines extend over several 
square miles in area, and include many hundred 
different veins, most of which are yielding; they 
formerly belonged to a native merchant, but at pre- 
sent they are owned by the Government. Next to 
them rank those in the island of Shikoku, while 
mines of considerable importance are to be found 
in several other parts of the country, as in Echizen, 
Setsu, Yamoto, &c. 

The metallurgical treatment of copper differs very 
considerably at various works, but these may gene- 
rally be classed under two heads : 

1. Those in which the treatment comprises two or 
more separate roastings and smeltings in successive 
alternations, producing a crude copper. 

9. Those in which a similar product is obtained 
in one or more successive roastings, followed by a 









» the | distance of about 8} miles. The 


single smelting. This smelting, as will appear, is 


separated into two distinct divisions, though done in 
one continuous operation. 

The former of these is based upon the same 
principles as the Welsh ig smelting operations, 
while the latter is, as will be shown, somewhat 
analogous to a process lately introduced for the 
treatment of copper and other sulphuretted ores. 

The coarse copper produced at the several works 
in the mountainous districts is usually sent away to 
works more conveniently situated, to be refined and 
desilverised, though in many cases the latter opera- 
tion is carried out before the copper is sent away. 

The following descriptions of works in different 
parts of the country will fully describe the various 
phases of this industry in Jaran. 


OsARISAWA WORKS. 

These mines and works are among the most im- 

rtant in Japan. They are situated in the Rok- 

ugori of the Iwade Ken, just within the boundary 
of the province of Rikuchiu. They are owned by 
a Tokio merchant, and at the time of our visit on 
August 1, 1877, were being busily worked, and in 
every respect gave evidence of being very efficiently 
conducted, 

Travelling northward by the main road, the 
Oshiukaido, these mines are about two days’ journey 
distant from the Ken-town Morioka, by a cross 
country road. ‘The distance from Morioka to Han- 
awa, a town near Osarisawa, is 56 miles, but with 
the object of seeing the neighbouring be. ger gold 
works the second night was spent at a small ‘“~ 
called Yuzei, about five miles before Hanawa. e 
first part of the journey from Morioka is over the 
northern sloping and barren flanks of Ganjusan, one 
of the many grand volcanic cones which abound in 
Japan. After this the peng pr is more easy and 
pleasant, the scenery on all sides consisting of low 
undulating hills covered with a rich mantle of grass, 
which will doubtless be turned to good account as 
soon as the Japanese have more extensively intro- 
duced farming stock into the ay In the latter 
part of the journey the watershed of this part of the 
country is crossed, but the ascent is so gradual and 
slight that the road is at no part much above 2000 ft. 
above the sea, and this altitude is reached on only 
oce of the mountain called Lt grag jor 

Early next morning we left Yuzei for Ooguza, a 
id works were 
found to lie away in the recesses of the adjacent hills, 
and like most Japanese mines are very difficult to get 
to. After spending a few hours here, we left for Osa- 


which lay through wild tracts of undergrowth, 
without the slightest appearance of a path, and 
terminating in a somewhat steep and tiresome hill. 
In the ascent of this hill we observed scattered by 
the side of the path, several isolated smelting 
houses, and on reaching the top we found ourselves 
entirely overlooking the Osarisawa Works, the 
furnaces and kilns of which were seen scattered over 
the steep slopes of the hills all around, the glow of 
the roasting kilns, arranged in blocks, tier above tier 
in ‘step fashion, being just visible through the 
dense cloud of copper smoke which arose on all 
sides. The descent to the offices below was not 
without its dangers, owing to its extreme steep- 
ness, the absence of any path, and the loose 
nature of the rocks, upon which barely a trace of 
verdure was to be seen. Shortly after our arrival 
we were visited by the chief officer, who showed us 
a plan of the mines most cleverly, and doubtless also 
very accurately, drawn, showing an enormous 
number of veins, with the branch veins, theirdepths 
aud thickness, the heights of the surrounding bills, 
and mapy other particulars marked on it. 

Speaking of these mines, Munroe says: ‘The 
ore occurs in nearly vertical fissure veins, having a 
north and south direction, with branch veins run- 
ning east and west. The veins traverse slates and 
ee sandstones, with which are associated 
masses Of volcanic rock (trachyte). 

‘‘The veins are somewhat larger than the average 
of those at the Ani mines, but the seams of ore are 
about the same size, 6 in. to 8 in.” 
Godfrey, however, says that ‘the containing 
rock is usually a fine-grained rhyolite, sometimes 
also a metamorphosed clay-slate, in which the lodes 
have a tendency to thin out.” 

The ore is copper + ged associated with iron 
pyrites and other sulphides, occasionally with copper 
glance and bournonite. It is noteworthy that these 
ores contain little or no silver, while those of the 
adjacent Ani mines contain this metal in workable 
quantities. 

The processes carried out here are purely native 
in character, though at one time it was intended to 
introduce foreign methods of treatment; and a staff 
of officials with much of the n r plant 
actually arrived in Japan with the object of carrying 
this into effect, The idea was, however, abandoned, 
and we think very properly so, and the only relics 
of this attempt to be found here at the present 
day are a few ordinary blacksmiths’ bellows instead 
of those of the regular Japanese type, some iron 
ingot moulds for casting the market copper in, with 
some English and Japanese characters on the bottom 
of the inside, and the chairs, tables, and carpets in 
the office, which has a remarkably foreign appearance 
for its locality, 

The ore brought from the mine is stamped and 
dressed by washing; as, however, we did not 
witness this operation here, the description of the 
mode of dressing the ores will be reserved for another 
place. By this operation the ore is divided into 
three classes, which are then mixed together for 
roasting in such sreperteae as to give an approxi- 
mately uniform product for treatment. These classes 
are : 

1.-Coarse ore (size of a walnut and under). 

2. First-class fine ore. 

3. Second-class fine ore. 

Much loss occurs in the slimes, a small proportion 
of which is mixed with the charge for roasting. 
Assays of these different classes of ore made from 
samples obtained on the spot gave the following 
results : 


A. B. Cc. 
1st Class. 2nd Class. 8rd Class. 
Copper «. 26.00 17.00 14.68 
Iron a - 29.18 24,00 00 
Sulphur ... oo 90.68 26.37 87.00 
Insoluble residue... 10.00 25.53 12.50 
OM i, tose 
s' 
Copper 18.17 18.35 
Iron... 29.58 30.90 
Sulphur _... on 30.00 31.23 
Insoluble residue ... 14.00 13.75 


The following are the subsequent operations carried 
out at these works: 

1. Roasting or calcining the ore. 

2. Smelting product (1), yielding copper in small 
quantity, regulus, and slag. 


3. Roasting the regulus from (2), (4), and (5). 
4. Smelting product (3), yieldiog copper, regulus, 
in small quantity, and slag. 








risawa, said to be five miles distant, but it proved 
to be a very long and difficult journey, much of 


5. Treatment of the slags, yielding copper, regulus, 
and slag. ‘ 
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6. Remelting and refining the copper produced 
in (2), (4), and (5), producing a purer material, 
which is cast into ingots in iron moulds. 

Roasting or Calcining the Ore-—This operation is 
carried out in kilns formed of rough hewn stone 
held together by a refractory clay. ‘They are about 
7 ft. long, 54 ft. wide, and 3} ft. deep. At the 
bottom of the front face they are provided with two 
holes about 1} ft. high, and 10} in. wide; these 
holes serve to admit air during the roasting opera- 
tion, igniting the fire, and withdrawing the finished 
product, e form of the kiln is roughly rect- 
angular with the back top and bottom corners 
rounded off. 

These kilns are arranged in rows of from five to 
ten in a row, three or more rows being arranged 
parallel to each other in the form of steps, the top 
of one row being level with the bottom of that next 
behind it. This arrangement facilitates the opera- 
tion of successive charging, as the product of the 
first roasting is merely raked from one kiln through 
the front holes into the one in front of it in the lower 
level for the second roasting. In this manner a 
block of twenty or thirty kilns are arranged together, 
and the whole is covered with a rough roofing of 
wood which, while allowing a free escape for the 
gases and smoke on all sides, at the same time pro- 
tects the kilns from rain. 

The sketches on the previous page will show the 
general form and arrangement of these kilns, Figs. 4, 
5, and 6 being a plan, elevation, and section respec- 
tively. Altogether upwards of 100 kilns are in use 
at these works arranged in an arbitrary manner 
either in single rows or in blocks as above. 

. Incharging the kilns.a layer of wood is first spread 
over the bottom, upon the top of which some straw, 
refuse charcoal, and rubbish are thrown ; upon this a 
layer of dressed ore is spread, after which usually 
two more layers, each of wood and ore, are placed 
alternately, thus filling up the kiln. The charge of 
raw ore used in one operation is 600 kuwamme* or 
5000 Ib. A pile of wood about 10 ft. long, 8 ft. high, 
and 20 in. wide (the wood being in the form of 
billets 20 in. long) serves for three kilns, or about 
45 cubic feet of wood for each kiln, in addition to 
the straw, &c. 

As soon as- the kiln is charged it is fired from 
below, and when fully ignited is left to itself for 
about 15 to 20 days, when it is usually found to have 
finished burning. The product is then raked out 
and charged into another kiln with the same pre- 
cautions as indicated above, when it is again sub- 
jected to a roasting of about 10 to 15 days, giving a 
total of 30 days roasting to 600 kuwamme of ore. The 
kilns require repairing on the average once a month, 
or after every second charge. 

The roasted material is a dark brown, porous, 
friable, mass ; the operation is, however, as a rule 
very imperfectly performed through the unequal dis- 
tribution of heat; thus while some parts are in- 
sufficiently oxidised through fusing together, others 
are almost unaltered through not being sufficiently 
heated, in both cases yellow particles of ore may 
be seen on a freshly fractured surface. 

Assays of samples of the roasted ore gave the 
following results : 

A 


Copper 18.00 13.10 12.60 
Iron... 17.60 26.00 30.60 
Sulphur... «- 4.80 5.10 4.90 
Insoluble residue... 43.33+ 37.00+ 21.25 


From the amount of copper in B and C, as com- 
pared with that in A, as well as in the mixed raw 
ore, it is evident that these are not good average 
samples. This is not surprising, since each of them is 
a mere handful picked from the heterogeneous mass 
as it left the kiln, The assays, however, give an idea 
of the change which takes place with regard to the 

sulphur during the roasting. 








CUMBERLAND SOUND. 

CUMBERLAND Sounp, an offset from Davis’ Strait 
on the west side, commences abour latitude 64 deg. 
N. and longitude 64 deg. W. Although discovered 
by the celebrated navigator, Jobn Davis, about 
three centuries ago, it has never yet been surveyed, 
properly so called, even cursorily ; and the British 

overnment, who claims possession of the adjacent 
territory has been content to get all its information 
respecting this somewhat important sea from the 
casual reports of whalers. Even this information is 
scanty in the extreme. The Admiralty charts do 


* 1 kuwamme=8} Ib. avoirdupoise. 
_+ These contai more or less oxide of iron rendered 
difficultly scluble by the roasting operation. 











not sbow the names of some harbours, bights, and 
islands in it which have for years been visited by 
whalers, and the locality is not even noticed in any 
sailing directions. A naval surveying vessel of 
small size would he advantageously employed in ex- 
amining this sound during two or three summers, 
though it need not winter there. 

Captain John Davis, in August, 1585, sailed up 
the west side of the strait which bears his name to 
latitude 66 deg. 40 min. He discovered and named 
Mount Raleigh, Capes Dyer and Walsingham, 
Exeter Sound. and Cape Mercy. Keeping this 
land to the northward, he sailed to the north-west 
in a fine open passage from 20 to 30 leagues wide, 
entirely free from ice, ‘‘and the water of the very 
colour, nature, and quality of the main ocean.” 
After sailing about 60 leagues he arrived at a cluster 
of islands. Here, the weather being foggy and the 
wind S.E., he remained six days, and then turned 
homewards. Again, in 1587, during the latter part 
of July, he sailed up this sea and anchored among 
the islands to which he gave the name, Earl of 
Cumberland’s Isles, On this occasion Davis seems 
to have concluded that the sea up which he had thus 
twice sailed was a gulf, for without attempting to 
penetrate farther he shaped his course to south-east- 
ward. 

Geographers, hankering after a north-west passage, 
persisted in considering this sea as a strait, and it 
got the name Cumberland Strait, which it retained 
upon the maps down to quite recent times, being 
generally represented as running due west. It is 
now laid down on the Admiralty charts as a gulf, 
the eastern coast extending N.N.W. from Cape 
Mercy to Kingawa Fiord, a distance of about 
180 miles, and the western coast tending less 
directly from N. to S. The coasts are studded with 
numerous islets, and have many bights, creeks, and 
inlets. Well out in the sound are the os of 
the Middleaktuk and Kickerton Islands, The 

eneral breadth of the sound is from 40 to 50 miles. 

t is now called Cumberland Sound. It was first, 
proved to bea gulf by Captain William Penny, who 
in the whaler Bon Accord, boldly sailed to its 
head waters, and examined its extent and outline in 
the year 1840. To the newly discovered portion 
forming the head waters, he gave the name Hogarth’s 
Inlet, and the land around the north-west shore is 
called on the charts Penny’s Land. A narrative of 
this voyage was printed by the ship’s surgeon, Dr. 
McDonald, who was afterwards lost in the Franklin 
Expedition. The valuable chart furnished by 
Captain Penny was a good addition to geographical 
knowledge, otherwise the information given by Dr. 
McDonald was very meagre. As his book is very 
scarce, and it is believed was merely printed for 
private circulation, the following extracts may be 
read with interest. 

“‘The great abundance of animalcule would have 
led us to believe that whales frequented Cumberland 
Gulf, In some parts the water presented the olive- 
—_~ colour, which Captain Scoresby has shown to 

epend upon the presence of innumerable numbers 
of minute animals (meduse) ; and it is well known 
to every experienced fisherman that the whales are 
found in greater abundance, and rest better, in such 
situations than where it exhibits the oceanic blue.” 

About Parker Harbour, in latitude 65 deg. 9 min., 
longitude 65 deg. 30 min., he writes: ‘* From the 
rocks forming the shores of the harbour and ad- 
joining country, I p specimens of granite, 
gneiss, mica slate, porphyry, and hornblende. Not- 
withstanding the great hardness of some of these 
rocks, their disintegration is rapidly effected by the 
freezing of water in their interstices. The amount 
of change annually Pc wear in the Arctic regions 
by this cause, aided by the transporting power of 
running water, must be very great. During the 
melting of the snow every insignificant valley has 
its rivulet, and these uniting form large rivers, 
which, loaded with sediment, pursue their way to 
the ocean. The quantity of matter brought down 
in this way is so great at times as to render the 
sea turbid for a considerable distance from the 
shore ; and the force and impetuosity of these tor- 
rents is such that, not sedimentary matter alone, 
but even enormous masses of rock are torn up and 
swept away. In this way a great collection of 
heterogeneous materials takes place at their point of 
junction with the sea, producing a shoal, which, 

owever, extends only for a little distance, as the 
force of the tides is sufficient, at least in Cumber- 
land Sound, to remove the lighter matter.” ; 

After Penny’s discovery, whalers began to visit 
the sound, and in the course of a few years they 





took to wintering there. Probably since about the 
year 1851 no winter has passed without the pre- 
sence of three or four, and even as many as six or 
eight whaling crews. The Scotch, and likewise 
American, whalers have established winter sta- 
tions at the Kickerton Isles, but the head-quarters of 
the Scotch are at Harrison’s Point, at the entrance 
to the sound on the south side, This sea must, 
therefore, be well-known to a large class engaged 
in whaling and sealing, and it must certainly be 
deemed strange that so little information has been 
published regarding it. ‘The reason is probably 
that the whalers are not desirous of making known 
their favourite fishing grounds, wishing to keep to 
themselves as long as they can the advantages of 
exclusiveness. 

The tide is said to set up the east side and down 
the west side of the gulf. At.some places the rise 
and fall is as much as 30 ft., though in the open it 
is eres not more than 6 ft. or 7 ft. The navi- 
gable season is from June to September ; but, in a 
sea where the tides are so strong, the ice must be 
more or less in motion even in the winter. Indeed, 
it seems to be the expectations of the spring and 
autumn catches, when there is oe found open 
water at some distance from the land in which 
whales can be captured, which induces the whalers 
to winter there. The mean temperature of the air 
in August is from 35 deg. to 40 deg., and the sea 
attains 35 deg.; but the winters are very rigorous, 
scarcely one passes without the temperature of 
freezing mercury, minus 38 deg., being recorded, 
and even much lower. Captain Tyson, at Annana- 
took Harbour, in April, 1878, says: ‘* Although the 
thermometer stands in the middle of the day at or 
in the vicinity of zero, the side of the vessel that 
receives the sun’s rays will almost burn the hand. 
The Esquimaux when in pursuit of seals this time 
of the year are careful on killing one to cover it 
well with snow before they goin pursuit of more. 
Should they neglect to do this, and leave the seal 
uncovered for a short time, the hair on the side ex- 

osed to the sun’s rays will come off as easily as the 
Pair of a scalded hog. The effect of the sun on the 
human skin is to turn it black or very dark, very 
often removing the cuticle or scarf skin, unless the 
face be well protected with a shade.” He calls it 
a land of extremes, either all dark or all light, all 
cold or all warm, very bad or very good weather ; 
and he also says, ‘‘ the weather is at times remark- 
ably fine. I do not think that anyclimate in the 
world is superior to that of the Arctic regions in the 
months of April, May, and June.” 

At the head of the gulf—or the Annanatook 
Harbour as the Esquimaux call it—the shores are 
quite low with many outlying reefs and islands, and 
over these the sea breaks with fearful force, sending 
spray high into the air, says Captain Tyson ; and he 
adds: ‘* This place has been, and is supposed to be, 
an excellent one for whaling in the fall season ; but 
few ships stay here late in the year for fear of being 
frozen in, and thus losing their spring whaling, as 
the water would then probably be 60 or 80 miles 
below them.” 

The sound, especially the, upper part, abounds in 
animal life, and some of the alge are abundant and 
large. The whalers barter with the natives for 
skins, oil, blubber, whalebone, and even employ 
them in their service to hunt for sealsand to pursue 
the whales. They are easily managed and make 
useful auxiliaries. ‘‘ The Esquimaux,” says Captain 
Tyson,” cover too much ground in a day for an 
ordinary traveller to compass. They are always 
travelling, either in the mountains deer hunting, or 
over the snow-clad floes in winter hunting the seal 
or polar bear. They are light, strong, and muscular, 
na are, therefore, better fitted to travel the snow 
and ice-fields than their more unwieldy white 
brethren. They have also another advantage. 
When tired or fatigued they will lie down on the ice 
and go to sleep; when hungry they will open a 
seal, if they have captured one, drink a portion of 
its blood, and eat as much of the meat or entrails as 
they want; and thus their strength is restored. I 
do not say that a white man could not get along just 
as well if accustomed to such a life; but he is not 
accustomed, and, so far as I am concerned, I do not 
want to be.” By long familiarity with the rough 
sailors they have acquired considerable dexterity in 
the management of the boats, and in the capture of 
whales, from the huge mysticetus to the white 
whale. They have also acquired a relish for tea and 
coffee, now become regular articles of barter to 
them, and they have likewise learned some of the 
vices of civilisation, the drinking of spirits, smoking 
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and chewing tobacco. Captain Tyson bears witness 
to this as follows: ‘* Nep-e-ken tells me that his 
boy As-see-wer, who cannot be more than five years 
of age, has caught six young seals this spring, and 
’ that he successfully hunted them last spring also. 
I know that he can chew and smoke equal to an old 
tar. They commence young in this country. I have 
seen some of the little girls, not older than this boy, 
chewing and smoking tobacco. Such things show 
the kind of missionary work that has been done 
among these people.” 

The following positions are well known to the 
whalers, though some of them are not upon the 
charts. The latitudes are of course north and the 
longitudes west : ‘ 

Cape Mercy, a very bold, time, weather and ice- 
worn headland, has off-lying Leopold and Coburg 
Islands, and is in latitude 64 deg. 50 min., longitude 
60 deg. 30 min. : 

Wareham Island, latitude 65 deg. 30 min., longi- 
tude 65 deg., rises some 2000 ft. above the sea. 

Kickertojuck, the “ big” island, in the entrance to 
Kingnito Fiord, has bold shores, reaching an eleva- 
tion of some 3000 ft. 

American Harbour, on the east side, is about 30 
miles from Annanatook in an easterly direction. 
Its water is very deep, 25 fathoms, mud, The tides 
at full and change are about 22 ft., and about 18 ft. 
at high water. 

Hare Island, or Perseverance Harbour, is in 
latitude 65 deg. 43 min., longitude 67 deg. 30 min. 

Gloucester Isles are about 12 miles down the 
west side from Annanatook Harbour, 

Niantilic Harbour, at the north end of Bear Sound, 
is in latitude 64 deg. 53 min. 30 sec., longitude 
66 deg. 46 min. 

Harrison Point, at the south end of Bear Sound, 
is in latitude 64 deg. 42 min. 30 secs., longitude 
66 deg. 20 min. It extends some five miles from 
the mainland, Near it is a place called the ‘“ farm.” 

Blacklead Island is some five miles N.W. from 
Niantilic. 

Partridge Island is inshore of Blacklead Island 
in latitude 64 deg. 59 min., longitude 66 deg. 27 min. 

Rodgers Island is inshore Partridge Island, and 
its south point is in latitude 64 deg. 58 min., longi- 
tude 66 deg. 33 min. 

Blubber Point is in latitude 64 deg. 46 min., 
longitude 66 deg. 7 min. 

ondloo is in latitude 64 deg. 38 min., longi- 
tude 66 deg. 

New Norvion is a cape some 20 miles to N.W. of 
Niantilic and about 90 miles from American Har- 
bour. : 

Kakeluyer Islands about 20 miles below Niantilic. 

The spelling of local names is, as might be ex- 
pected, various and vague. Some of these details 
have been kindly communicated to the writer, and 
for others he is indebted to Captain Tyson’s narra- 
tive of the voyage of the Florence, an American 
expeditionary schooner, which wintered in Annana- 
took Harbour in 1877-8. 

On the west side of the gulf the charts show a 
long inlet, named Irvine Inlet, and not far distant 
inland a large lake, named Kennedy, is represented. 
About this lake nothing whatever could be learned 
until Tyson’s little book came to hand. What he 
has to tell us about it is so interesting in its geo- 
graphical and commercial aspects that we think our 
readers will like to peruse the entire passage in the 
author’s own words : 

‘“‘ While it is fresh in my memory, I think I had 
better write, not what I know, but what I hear, of 
Lake Kennedy. This lake is sup to be situ- 
ated in latitude 66 deg. north, and longitude 73 deg. 
west. Itis so placed on the charts, but by whose 
authority I cannot say, as I have neither read nor 
heard of any white man having visited it until Cap- 
tain John Roach did so in the year 1876. He went 
there deer-hunting, in company with some Esqui- 
maux, in the spring of that year. He went in the 
month of April, before the land had thrown off its 
winter coat, and before the sun had thawed the 
lake-ice.. I had often heard the Esquimaux pee 
of this great lake, of its abundance of fish, of the 
great quantity of game which resorts there, of their 
not being able to see land from one shore toward 
the other, of the land being entirely level, in fact, a 
vast’plain or prairie, stoneless and treel but 
covered in summer with tall grass, in which the 
natives would secrete themselves and await the 
approach of their unsuspecting prey, the reindeer. 
While thus secreted in the grass, the uimaux 
or thirty deer 

I have been 


have shot down as many as twen' 
before the herd took alarm and fi 





more particular in my inquiries this time than here- 
tofore concerning this lake, as I wished to get all 
the information possible about it. With this in 
view I have onl Mr. Roach's story, although he 
was there at a time when everything was locked 
fast by the frost. He started with two sleighs 
manned by Esquimaux. He was four days on the 
way pebuene Miskarton and Kennedy Lake. He 
saw thousands of reindeer; went up a deep fiord 
just a short distance from Kater-nund. On arriving 
at the head of the fiord he crossed a low, narrow 
neck of land, about 100 yards in width, then 
entered on the lake ice; followed the lake about 
15 miles or more, came to another narrow neck of 
land about 200 yards in breadth, which he crossed 


and entered on another lake; followed this lake | P® 


about 30 miles, then came to another narrow neck 
of land, which he also crossed and entered on 
Kennedy Lake. After leaving the first lake he 
lost sight of the mountains to the eastward, 
and to the westward, neither hill nor mound 
broke the view as far as he could see, It 
was a vast snow-white and snow-covered prairie. 
Kennedy Lake and everything surrounding it were 
locked in ice. He discovered that the lake was 
dotted with hundreds of small islands, many of them 
not larger than an ordinary parlour floor. The 
Esquimaux visit this lake every spring for the 
purpose of hunting the reindeer, of which they get 
great numbers, Some remain at or near the lake 
all winter, as did Eva, who was here a few days ago. 
They all have one story to tell of the vastness of this 
lake, of the abundance of game, of the large salmon 
and many other species of fish which inhabit its 
waters, and of the many seals of the netzik species 
which are found there. Among the game described 
I can make out three kinds of geese, many ducks, 
and other birds without number. The squaws 
destroy the young goslings as food: for the dogs. 
The land is entirely free from stones. Its soil is 
dark and abounds with fossils. One native tells me 
that last summer he was at the lake’s western ex- 
tremity, that, looking to the westward, he could see 
no land, nothing but water, and he.thought he saw 
a ship there. This lake empties into Fox Channel, 
or what is called Dorchester Bay, all still unex- 
pore The Esquimaux carry their large and heavy 

oats from here to this lake. They have also carried 
the large and clumsy Scotch boats there. 

** Considered from ascientific point of view, these 
lakes—I say ‘lakes,’ because there are three—open 
a vast field to the explorer. In a pecuniary point of 
view 1 believe it would pay to work it. ‘There are 
fish, seal, birds, and deer. Hundreds upon hundreds 
of thousands of pounds of deer meat, fish, eggs, 
feathers, and down could be preserved. Then there 
are oil from the seals, skins from the seals and deer, 
thousands of geese and ducks, All-could be put up 
in cans there—at least, those articles suitable for 
preservation in this way—and easily sent to salt 
water, and thence home to the markets. Where is 
the Yankee who will undertake this enterprise? I 
believe there is a mine of wealth there. If I could 
spare time I would visit this lake—or rather these 
lakes—now. To explore them, and cthers probably 
adjacent, would require a whole summer. The 
natural resources of the section can only be ascer- 
tained by systematic and careful exploration.” 





ENGINES OF H.M.S. ‘‘NELSON.” 

On page 235 of our number of the 19th ult. we pub- 
lished a paper read before the Institution of Naval 
Architects during their recent meeting by Mr. Barnaby, 
dealing with the Nelson class of ironclads, while in our 
last number (vide page 268 ante) we gave an abstract of 
the discussion by which the paper was followed. In both 
this paper and its discussion an important feature was, 
the attention drawn to the relative performances of the 
sister vessels Nelson and Northampton, these vessels 
being of identical dimensions and built on the same lines, 
but . being fitted with different engines and propellers. 
The Northampton, which was engined by Messrs. Penn, 


has engines with three equal-sized cylinders, one of. 


these being the high and the two others low-pressure 
cylinders when the engines are being worked compound, 
as is the case when. moderate powers only have: to be 
developed, while when: working at full power each cy- 
linder is supplied with steam direct from the boilers, the 
engines being then non-compound. .The aoe ara a 
first-class piece of workmanship—as might be expected, 
from their makers—but at the trials they have developed 
but 6073 horse power, and that only with the use of the 
blast, the resulting speed of the ship being 13.173 knots 
The engines of the Northampton, with water in the 
boilers, weigh 1113 tons, and the displacement of the 
vessel is 7652 tons; while from some as-yet unexplained 





cause, the ship requires starboard helm to keep her in a 
straight course, and this interferes with her speed. 

The Nelson on the other hand has been more successful, 
her engines which were designed by Mr. A. O, Kirk, and 
built by Messrs. J. Elder and Co., weighing 998 tons 
and developing on trial 6624 horse power without the 
boilers being aided by any steam blast. The displace- 
ment of the Nelson is 7473 tons, or 179 tons more than 
the Northam , of which difference 115 tons is due to 
the less weight of her engines, while she is also free from 
the defect of requiring the helm to be put over to keep 
her straight, and it appears probable’ that the screws 
with which she is fitted give better results than those of 
the Northampton. The effect of these differences is 
that the Nelson has given on her trials a speed of 14 
knots against 13.173 knots of the Northampton, an im- 
rtant difference especially when it is considered that 
the higher speed is attained without the use of the steam 
blast. 

The engines of the Nelson are of the com: d inter- 
mediate receiver type, and they are worked compound 
at all powers, it being held by Mr. Kirk that it was 
especially important to retain the compound system at 
the high powers so as to keep the quantity of steam re- 
quired as moderate as possible and thus reduce the demands 
upon the boilers. The results obtained with the Nelson’s 
engines have fully endorsed the correctness of these 
views, and it was stated by Mr. Kirk during the discus- 
sion on Mr. Barnaby’s paper, that at full power the coal 
consumption of the Nelson was but two-thirds that of the 
Northampton. 

In inviting tenders for the machinery of the Nelson 
and Northampton, the Admiralty directed special atten- 
tion to the attainment of the required power with as 
little weight as possible, and it was to meet the require- 
ments of the authorities in this respect that the engines 
of the Nelson were specially designed. We publish this 
week a two-page engraving containing two perspective 
views of the Nelson’s engines, and from these views it 
will be seen that the design is marked by many special 
features of interest. 

Thus in the first place the engines are without the 
usual cast-iron framing. The plummer-blocks for the 
crankshaft are forgings fixed down to strong bearers 
which extend across. the vessel above the inner skin 
of the double bottom, these bearers being directly 
supported by the frames between the two skins, 
Each cylinder is supported upon four wrought-iron 
columns which connect it to the plummer-blocks, two of 
these columns carrying the crosshead guides as shown. 
As will be seen from the lower view in our two-page en- 
graving the pair of columns carrying the crosshead guides 
are connected at about the level of the lower ends of the 
latter with the other pair belonging to the same cylinder, 
while the latter pair of columns are braced by short dia- 
gonal stays led from them to the engine bearers. To give 
the necessary lateral stability to the engine, the cylinders 
of the starboard engine are connected to the plummer- 
blocks of the port engine and vice versd by strong diagonal 
stays, tho arrangement of which is shown plainly by the 
lower figure on our two-page engraving. These diagonal 
stays pass with a water-tight joint through the fore-and- 
aft bulkhead dividing the two pairs of engines. In our 
engravings, which have been prepared from photographs 
of the engines taken in the workshops, this bulkhead is 
not shown. Besides these transverse diagonal stays there 
are also fore-and-aft stays (not shown in our engravings 
which support the engines from the adjacent bulkheads 
and keep them steady during ramming. 

The high and low-pressure cylinders are steam- 
jacketted all over, and their diameters are 60in. and 
104 in. respectively, while the stroke is 3ft. Gin. The 
intermediate chambers are separate castings, There are 
no expansion valves, and the distribution of the steam is 
effected by piston valves worked by an arrangement of 
link motion. There is one piston valve to the high- 
pressure cylinder of each engine, while the low-pressure 
cylinder is fitted with two piston valves, placed as shown 
in our engravings. The link motion oos very short 
eccentric rods coupled to a link of large radius, which is 
in its turn connected to the valve spindle by a radius 
rod. The motion is, in fact, of the Allan straight link 
type, but with such proportions that the expansion link, 
instead of being quite straight as in Allan’s gear, is a 
segment of a circle of large radius, The reversal of the 
engines is effected by a direct-acting steam cylinder, the 
movement being controlled by.a piston working in a 
cataract cylinder containing oil. The connec rods, 
piston rods, and crankshafts are of iron, and are all of as 
full strength as in a merchant steamer. The bearing 
surfaces are also amply large throughout. At their 
upper ends the connecting rods, it will be noticed, have 
the fork formed of two short wer ts 9 pieces con- 
nected to a T end formed on the part of the rod. - 

The surface condensers, which contain vertical tubes 
around which the water circulates, have their bodies 
made of rolled brass, while the domed tops, which’ allow 


the. steam to expand and distribute itself fairly amongst 


the tubes, are of wrought iron, The arrangement of the 
condensers and exhaust pipes. will be seen from our eu- 
gravings. The ne ore of each engine is of brass, and 
is placed horizontally, it being worked by an eccentric 
fixed on one of the arms of the low-pressure crank ; this 
eccentric also working the feed and bilge pumps, The 
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arrangement will be seen from the lower view of our 
two- engraving. 

ie contiedne water is forced through the con- 
densers by a centrifugal pump worked by an auxiliary 
engine. This pump is right at the bottom of the ship, 
the pump spindle being vertical, and extending up to 
above the level of the water line. The auxiliary engine 
is made to drive direct on to the pump spindle. The 
pump also is arranged to p either from the sea or 
from the bilge, the valve placing it in communication 
with the latter having its spindle carried up to a con- 
siderable height above the bottom of the ship. This 
arrangement, first introduced in the Inflexible, been 
adopted in order that the pumping out of the ship may 
be carried on until the compartment is quite full of water, 
whereas the ordinary centrifugal pumping engine placed 
low in the engine-room gets soon drowned out. Besides, 
with the pump placed almost in the bilges as is the case 
in the Nelson, it will commence to draw as soon as 
there is any water in the ship, so that no time is lost in 
charging it. 

The engines drive screws of the Mangin type, but 
with the two sets of blades placed at right angles to 
each other instead of directly behind eac other as in 
the regular Mangin screw. The diameter of the screws 
is 17 ft. 10 in., and the mean pitch 19 ft. 6% in. 

The two pairs of engines are separated from each 
other by the longitudinal bulkhead to which reference 
has been already made, this bulkhead extending 
through the boiler room. In connexion with the 
transverse bulkheads, this longitudinal bulkhead makes 
six water-tight compartments, two of which contain the 
engines, while the four others are occupied by the boilers. 
In the event of any one of these compartments being 
flooded steam can be cut off from it, while if it is a 
boiler compartment which is so flooded, provision is 
made for leading steam past it without the steam pipes 
being cooled by contact with water. The stop valves 
are all arranged to be worked from the deck if necessary. 

The boilers of the Nelson are ten in number, and are 
of the ordinary high-pressure type arranged to work at 
65 Ib. pressure. Tho grate surface is 608 square feet, 
and the heating surface 17,500 square feet. The cost of 
the machinery for the Nelson according to the Navy 
Estimates for last year was 83,530/. 

In February last some trials of the Nelson were made 
at the measured mile at Stokes Bay, the vessel at the 
time drawing 24 ft. forward and 25 ft. aft, and carrying 
60 tons of trial coal, 546 tons of ordinary coal, and 350 
tons of water ballast. The sea was smooth, but there 


was a brisk breeze from the south-west, the force of the | - 


wind being registeredas 4. The trials were made at full- 
power, two-thirds power, and one-third power, and also 
using one pair of engines only, the other pair being 
supposed to be disabled. For four runs made at full 
power the results were as follows: 























: Revolutions per Speed in 
Runs. | Time. Minute. ae 
min. sec. | starboard. pot. 
1 occ 4 28 81.71 1.94 13.433 
S unio! @ 8 | C848 83.85 14.458 
S wae | “Oa 81.46 82.38 13.846 
@ ape 4 16 | 80.85 82.96 14,062 
Means .. | wv 81 42 82.78 14,050 
Mean revolutions of both engines 82.1 
»» pressure in boilers ois oe 64.5 Ib. 
>» Vacuum, starboardengine... 26 in. 
” » po »» +. 26.37 in. 
effective pressures in cylinders : 
Starboard, high pressure $2.75 Ib. 
‘6 low pressure 11.9 Ib 
Port, high pressure... 32.52 lb 
» low 29 eee 11.15 Ib. 
Total indicated power ... 6624 HP 


The above results were obtained without the use of 
the steam blast and without water being required on any 
of the bearings. At two-thirds and one-third power th: 


results were as follow : 
Two-thirds One-Third 
Power. Power. 
58.75 Ib. 59.9 Ib. 
engine... e. 27.12 in. 27 in. 
»» Vacuum port engine... 26.5 in. 26.5 in. 
» revolutions ... on 71 58 
Total indicated power .. 4126HP. 2323 HP. 
Speed of ship o» —ov»:12.85 Knots 10.54 knots. 
With the port engine alone working the power indi- 
cated was 2995 horse power, the engine making 75.6 re- 
volutions and a speed of 10.6 knots being obtained, while 
with the starboard engine working and the port engine 
stopped, the power developed was 2904 horse power, 
the revolutions were 72.25, and the speed of ship 
10.1 knots. these latter trials the helm had to 
be kept over from 15 deg. to 17 deg. to maintain the 
vessel in a straight course, 
Altogether the engines of the Nelson have given highly 


Mean pressure in boilers ... 
»» Vacuum, starboard 


satisfactory results, and both Mr. Kirk and Messrs. 


Elder are to be congratulated upon their performance, 





ATTOCK’S RAIL 


WAY AXLE-BOX. 


(For Description, see Page 282.) 
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In our last issue we published a two-page engraving 
of the Segré Viaduct, recently constructed by MM. Joly, 
Jolly, and Delafoy, of Argenteuil, for the Western Rail- 
way Company of France, and on the opposite page we 
give some further details of this work. The viaduct 
forms a part of the line from Chateaugontier to Chateau- 
briant, and crosses the river Oudon as well as the main 
road from Serge to Louvaines: as will be seen from the 
annexed plan the angle of crossing is 52 deg. 25 min. 
The bridge isin three spans, one of the piers being in 
mid-stream and the others on the foreshore outside the 
Serge-Louvaines road, and forming what is called the 
Port Gendreau. The bridge is approached on each side 
by two low embankments, which terminate in the abut- 
ments of the structure as shown. The total length of 
the viaduct is 434 ft. 4 in., the distance between the faces 





of the abutments is 305 ft. 9 in., and the length of, the 
ironwork is 315 ft.7 in. Of the three spans the centre 
one is 114 ft. 9.97 in., and the two outer ones 98 ft. 
5.12 in. each, measured between centres of piles and 
centres of end bedplates, The clear headway above 
mean water level is about 10 ft., but this varies, 
as the bridge is built ona grade of about 1 in 83. Figs. 
1 to 7 show clearly the construction of the abutments 
and piers; Figs.8 and 9 being sections of the former on 
the Chateaugontier and Chateaubriant sides respectively ; 
from these it will be seen that the latter are of somewhat 
greater dimensions than the other. The piers, Fig. 4, 
are rec , that one in the river having cutwaters 
at each end. The bridge is constructed for a double line 
of rails, and a narrow footpath on each side, the extreme 
width being 26 ft. 3 in. The superstructure consists of 
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THE SEGRE VIADUCT: WESTERN RAILWAY OF FRANCE 
MM. JOLY, JOLLY, AND DELAFOY, ENGINEERS, ARGENTEUIL, FRANCE. 
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two main girders placed 21 ft. 7 in. agent from centre to | upper and lower flanges are built up of 8 19.69 in. | which are not carried up to the full height on the inner 
centre. These i are 11 ft. 6.7 in. deep, and the ~ 4 and angle irons fer-the-most part -by.4 in. by | side. These panels are filled in with diagonal bracing 
roadway is carried near their upper side, Figs. 8 to | .55 in., with a central web plate 21.66 in. deep and | of flat bars and channel irons of the sections shown, 
22 are details of the girders and show the construction | .59 in. thick. The girders are divided into panels of | and rivetted to the and bottom webs of the flanges. 
clearly, From these figures it will be seen that the | 8 ft.4 in. in length by verticals of angle irons and plates. | Over the piers the outer vertical is made of a box fo 
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as shown in Figs. 18 and 20, and similar ones are placed 
near the ends of the girders which are furnished with 
lates 4 ft. 2 in. deep between the upper and lower 
ges (Figs. 14and 15). Transversely the connexions 
between the girders ist of horizontal ties connect- 
ing the bottom flanges (Fig. 8) and formed of double 
angle irons 2.76 in. by 2.76 in. by .39 in., and a web plate 
between 7.89 in. deep and .39 in. thick. The transverse 
girders are attached to the longitudinal at a point about 
14 in. below the upper flanges of the latter. They are 
21.6 in. deep, and are formed of plates .43 in. thick with 
angle irons 3.54 in. by 3.54 in. by 12 in. all round. They 
are placed 8 ft. 4 in. apart corresponding to the dis- 
tance between the vertical members of the panels, and 
are connected longitudinally by rail bearers, four in 
number, and placed one below each line of rails. These 
bearers are 15.75in. deep, and are formed with plate 
webs .39 in. thick and with angle irons 2.76 in. by 2.76 in. 
by .89in. Vertical diagonal bracing is introduced as 
shown in Fig. 8, and of the section given at c c, meeting 
*in the middle underneath each transverse girder to 
which they are attached by a plate .43in. thick. Hori- 
zontally, beneath the transverse girders, and also under 
the main girders, are two series of diagonal bracings of 
channel irons 5.90 in. wide (Fig. 8). The footpaths are 
89 in. wide, and are supported by plate and angle iron 
brackets rivetted to the verticals of the main girders, 
and the floor consists of a plate rivetted to one of the 
flange plates of the girder, which is left somewhat wider 
for this purpose. The outer side of each footpath is 
protected by a hand railing (Fig. 11). The flooring of 
the bridge is of timber, with longitudinals running 
beneath the rails, and ballast is laid on the planking. 
Figs. 8 and 18 to 22 show the construction of bedplates, 
rollers, &c. It will be seen from these that a steel 
socket plate is bolted to the underside of the girder 
which rests on a steel spherical bearing, joining the 
upper part of the bed plate. 








ATTOCK’S RAILWAY AXLE-BOX. 

Ws give on page 280 engravings of a railway axle-box 
which has lately been patented and introduced by Mr. 
Frederick Attock, the superintendent of the carriage and 
wagon department of the Lancashire and Yorkshire 
Railway. This type of axle-box has been specially 
designed to admit of ready examination of the condition 
of journal, &c., without lifting the vehicle, and its con- 
struction will be at once understood from our engravings. 
As will be seen the box is fitted with a sliding front, on 
removing which the whole interior is exposed, while by 
applying a jack under the box so as to take the camber 
out of the spring, the brass bearing can be diawn out 
without lifting the vehicle. The lubrication is by 
preference effected from below, a sliding tray being 
provided for containing the oil, and this tray being fitted 
with any form of lubricator desired. A top chamber is 
also provided for the use of ordinary railway grease, 
any grease running down being caught by the tray just 
mentioned, The body of the box is a solid casting, and 
there is but little fitting about it, while the whole arrange- 
ment is a very handy one, In our engravings, Figs. 1 
to 4 show the carriage axle-boxes for the Lancashire 
and Yorkshire Railway, constructed on Mr. Attock’s 
plans, and Fig. 5, a wagon axle-box made on the same 
system. 








WAVE PERIODS. 
On the Relation between the True Period of Waves, and 
the Period observed on board a Vessel under Way.* 

By L. E. Burtty, Naval Constructor at Cherbourg Dockyard. 
I eNDEAVoURED in the memoir on the experimental study 
of waves, inserted in the fourteenth volume of the Transac- 
tions of Naval Architects, to collect the data of observation 
which we possessed in 1873 concerning the dimensions of the 
periods of waves. ‘The speed has since then been frequently 
tudied. With to the heights, which gave rise 
formerly to some rather lively discussione, the observations 
becoming more uent and more generally exact, have very 
much restricted extreme limits between which the 
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to myself now to discuss this formula, of which I have 
frequent use during these recent years. 
It must be borne in mind that calling U the 


pro 


speed of 
pagation of the swell the expression for T is obtained by 
eliminating U and I. = + _— equations (8) 


u=2 T . (C) 
L=(U—V cos. «) T, (D) 
which leads tu* 
T=3T,+ T2— VT, 1 
Tita] {ate—Sv tena} a) 


The angle a is supposed to be reckoned according to the 
ordinary rules of trigonometry by Passing from the direction 
of U to that of V (see Fig. 1). This convention being ad- 
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maximum and the mean values may be supposed to range. 
As s the lengths 2 L, which are ordinarily deduced 
from the periods 2 T by the formula 
1=2T (A) 
n 

the results obtained are less certain, and one can seldom rely 
upon the exact meaning of the figures given for the period by 
the observations. Of all the elements of waves, the period is 
nevertheless that of which a knowledge is most important to 

naval architecture. 2 
For the periods there is no difficulty in) the observations ; 
it isonly necessary to count the ber (n) of its pass- 
ing in the given time ¢, and to divide * by x ; the delicate 





point is in taking account of the accessory data, and in the 
interpretation the results necessary to deduce the real 
period T from the relative or ewes period T, equal to the 
quotient of ¢ divided by ». The value of T depends in fact 
on the speed of the ship, and on the angle included between 
its direction and that of the swell. 


In the memoir quoted above, to which the present note is 
but an a ix, 4 have established the elementary formnla 
for the calculation of T as a function of T,; V, and a. I 
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equations are general, and can be used 
of the vessel relatively to the swell. 
The four quantities L, T, U, V are positive by definition. 
The projection V cos. a of the + V on the direction of 
U follows the sign of cos. a ; ‘it is positive when, relatively to 


* See Transactions Institution of Naval Architects, vol. xiv., 
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* Paper read before the Institution of Naval Architects. 
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the ship supposed motionless and at rest, but turned in the 
direction of its proper course, the swell comes from the after 
half of the horizon; it is negative when the sea comes from 
the forward nart of the horizon. 

_ The binominal U—V cos. a is sometimes positive some- 
times negative. It is to be remarked that this binomial 
represents, not the projection on U of the relative speed of 
the swell, as compared with the ship under way, but its actual 
speed, because the component of the relative speed parallel to 
the generating lines of the swell cannot be perceived by an 
observer on board. When U-—V cos. a is positive the 
relative swell and the real swell both come either from the 
forward or from the after side of the horizon. When it is 
negative, the direction of the swell is reversed by the change 
of sign of V, that is to say, the ship moves faster than the 
waves which follow it, and meets the relative swell with its 
bow. The relative period T; must, in consequence of equa- 
tion (D), be always of the same sign as U—V cos. a, and 
being always positive when the apparent sea comes from 
behind, it is sometimes positive and sometimes negative when 
the apparent sea comes from forward. It is important in 
applying equation (1) to give to T, its ap sign. Since T 
is essentially positive, all negative roots of the equation are 
solutions which do not apply to the problem of the swell. 
The period 2 T is always real as well as positive when there 
is any swell and a value of T, has been vbtained. The equa- 
tion (1) cannot therefore, notwithstanding its apparent form, 
have imaginary roots. We see in fact that when we replace 
T, by one of the expressions 
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T—=V cos. a 
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that the binomial under the radical is a perfect equare : 


| (5 eee 


2g U-—Vcos.a 
| or 


) 


We must conclude from this that if in seas which are deep 
enough and far enough away from the coast for the waves 
to satisfy the condition A, the equation (1) gives for T 
imaginary values (as sometimes happens), the observation 
a4 be in error as regards one at least of the three quantities 

» ¥, a 

The most common error of observation that the applica- 
tion of the formula (1) discloses depends upon the sign of 
cos. a; we take for the direction of the swell the point of the 
com from which it comes, which in England as well as 
in ce unfortunately (by ordinary usages) serves to 
designate the direction of the swell. We thus inscribe in the 


? 
2 





‘T= V cos. 
g 





tables for observations 180 deg. - a instead of the true angle 
a. It may ha also, when the quantity under the radical 
sign is small, that its sign may be changed by a small error 
in the measurement off, V, or a, the sign of cos. a being 
nevertheless properly assigned. In the first case the correc- 
tion may be le exactly by changing the sign of cos. a 
throughout the Table. In the second case all that can be 
done is to look for an approximate correction, and we have 
to take account of the ex: limits of error, and to correct 
T,, V, and a so as to make the radical vanish, and then to 
take for T the value} T;. If there is not a series of observa- 
tions showing clearly the manner according to which the 
angles a have been reckoned, and if there is a doubt between 
the two sorts of corrections which can make T real, we must 
consult the values of L, which are usually given by the 
observations together with T,, of which they at any rate give 
an approximate value. The best method of correcting is 
that which gives the value of T leading, in consequence of 








the formula (A), to the length which is nearest that which 
has been observed. The possibility of imaginary solutions 
) having been got rid of by a previous if 
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necessary, and the negative solutions being, as matter of 
course, regarded as foreign to the question, the discussion 
of the formula (1) becomes simple enough. If the sign of 
T, is pueey selected, the only difficulty which can occur is 
in the case where the two signs of the radical correspond to 
two positive values of T. It is then necessary to explain how 
two different swells can correspond to a single value of T,, 
and how we are to choose, according to circumstances, from 
between the two swells which algebraically satisfy the condi- 
tions of the problem that which really exists. There are 
tbree cases: 

1. T, negative. 

In this case V cos. a is positive, as we know, in equation 
(D). The numerical value of the radical exceeds that of 4 T;. 
The positive sign must therefore be taken; the negative sign 
a to a nugstory solution. 

2. T, positive, and V cos. a negative. 

In this case also the numerical value of the radical exceeds 
that of } T,. The eolution is unique, and corresponds to the 
positive siga. 

These first two cases, of which neither taken singly can 
give rise to any doubt, or to any need for choice between the 
roots, together constitute a double solution, which renders 
selection between two real roots necessary when the absolute 
values of T; and cos. a are given, irrespectively of the data on 
which direction depends. It is necessary in fact to distinguish 
these two cases, which together represent the circumstances 
under which the ship receives the apparent sea from forward. 
In the first, the vessel overtakes a swell which comes from 
aft, while in the second it really moves against the sea. 
Confusion, as may be seen, is easy here, and observers are 
very liable to fail properly to note this distinction in their 
records by the signs given to T; and cos. a. It is therefore 
necessary when, without other details, the sea is mentioned 
as coming from forward, to be able to determine from the 
absolute values of T, and V cos. a whether we have to do 
with the first case or the second. The two values of T, be- 
tween which we may thus be in doubt, are both contained in 
the expression 


T=tane/ {aT +2 VN con0} (3) 


in which T, and V cos. a only represent absolute and posi- 
tive values. The two values of T differ from one another by 
a quantity equal toT,. They therefore indicate, in pursuance 
of equation (A), swells of very different lengths, and the 
timplest indication of the state of the sea is sufficient to de- 
cide the choice between them. There can be doubt only if 
T, is very small; but then T will also be very small, and the 
«bservation, when discussed, would present but little interest. 
At the limit the two possible forms of swell coincide for T,;=0, 
and T=0; that is the case of an absolute calm. 

3. The third case in the discussion of equation (1), the only 
one in which the sign of the square root is uncertain, is that 
corresponding to 

T,70 V cos. a > 0. 
This case includes all the circumstances under which the ship 
under way receives the apparent sea from the after balf of 
the horizon. The quantity under the radical includes two 
terms of contrary sign. It passes through the value zero 
when 
(4) 


T, has thus a minimum which is equal t» 2 T, and which 
is reached when we have, between U and V coz. a, re- 


lation 
U=2V cos. a (5) 

The observations, which have given rise to values of T, 
smaller than this minimum, have then to be corrected, as has 
been already stated. If now we consider T as a variable, of 
which Ti is a function, we find, starting from the value of T, 
which makes T, a minimum, that according to the ordinary 
Jaw T, increases, whether T increases or diminishes. When 
T diminishes the increase of T, takes place in consequence of 
the speed of the waves approaching that of the ship as appears 
from equation (2) written in the form 

2 
ee Ree Ment (22) 

& U—V cos. a 

There are, therefore, two different values of T which corre- 
spond toa single value of Tj. At the limit there are also two 
values of T for which T; is infinite, viz., T— 0°, and 


T,=4 =v cos. a 
g 


(6). 


g 
The second of these two values of T corresponds to equal 
values of the two speeds, that is to say, to the relation 
U=V cos. a. 
It exactly corresponds to the first case, that of y aagation, 
and the third case, which we have now to discuss. it may 
be remarked that the equation (D) may be written as 


I=f( 1-5 V cos. aN ‘ 
® g 


and under this form it shows at once that T is infinite when 
T has the value given by equation (6). 

There is no other means of choice between the two values 
of T which present themselves in the third case, than by 
falling back on the value of L indicated by direct observation, 
and trying which of the roots best satisfies the condition (A). 
The difference between the two values of T is 


2{ (T)* —= VT, cos. a}, 


but diminishes as we approach the minimum value of T. The 
choice mes uncertain in the neighbourhood of this 


T= = V cos. @ « ° ° ° 


(D') 


minimum, for want of exactrees, in the di measure of the 
length L. 
It is to be remarked that the waves in the third case, for 


which we thus meet with a cause of indeterminateness and of 
error, are not, like those of the first two cases, waves of small 
importance. They would be waves of 12 metres length with 
a speed U, and having four seconds for their half period T 





in the case of a ship going 12 knots an hour, and having the 
sea nearly abeam. 

The preceding discus:ion includes all the cases which can 
occur. It may be useful to repeat it with the help of some 
traced curves, in order to exhibit it more clearly. 

Let us take the values of T for abscisse, and those of T, 
for ordinates, supposing V cos. a constant, and let us trace 
the curves represented by the equation 

72 
°°... ° 
T—7 V cos.a 
g 


. Q) 


«« obtain hyperbolas which touch the axis of abscisse at the 
cr gin, and of which the asymptotes have for their equations 


w= V cos. a, y=2+— V cos. a. 
g 


If we first suppose that V cos. a is positive, we obtain the 
hyperbola of Fig. 2, in which the vertical asymptote is 
towards the positive side of T. In this case there is, on the 
negative side of T, a single branch belonging to the negative 
half of the hyperbola, and this branch represents the 
nugatory solutions of the first of the three cases which we 
have discussed. The second branch of this negative half of 
the hyperbola begins at the origin, with a maximum value of 
T, equal to zero, and it contains the proper solutions of this 
same first ease. The positive half of the hyperbola of Fig. 2 
represents the third case in its entirety with its double values 
of T and its minimum of T,, of which the abscissa is double 
the corresponding abscissa of the vertical asymptote. 

If we now suppose that V cos. a is negative, we have the 
hyperbola of Fig. 3, in which the vertical asymptote is on the 
side for which T is negative. This figure only applies to 
the second case. All the negative half, and one of the Genches 
of the positive half of the hyperbola, represent nugatory 
solutions. The other branch of the positive half, which ins 
at the origin where T, is a minimum and — to zero, is the 
only one to be considered. It represents the roots properly 
belonging to the second case. 

By suitably combining Figs. 2 and 3 we forma half hyper- 
bola representing equation 3. On this curve we find the 
difference between two values of T which correspond to two 
value of T,, numerically equal, but one positive and the other 
negative, belonging one to the first case, the other to the 
second case of the general discussion. This difference is equal 
to the difference between the two portions of horizontal 
chords cut by a vertical normal in a hyperbola of which one 
asymptote is vertical, and the other inclined at an angle of 
45 deg. The eame difference presents itself in Fig. 2, between 
the two roots belonging to the third case. 

Besides the curves in Figs. 2 and 3, it may be interesting 
to consider that of Fig. 4, which has been traced by taking T 
as a constant in equation (2), and V cos. a as the variable of 
which T, 1s a function. This new curve is an equilateral 
— if we take U—V cos. a as its abscissm, the co- 

inate axes are its asymptotes. It is very easy to trace 
upon it all the values which T; takes when # vessel sails 
in - same swell upon different courses, and at different 
speeds. 
so fine, the value of T is deduced from that of T, by the 
help of formula (1), the speed V and the angle a of the true 
course of the ship and of the swell being known. 
angle a is the datum which is troublesome to mea- 
sure. It is the angle between the transverse section of the 
ship and the generating lines of the swell. If there is no lee- 
way, its value in no way depends uron the speed of the ship. 
It is necessary to know how to choose correctly between the 
acute angle and the obtuse angle. The acute angle corre- 
sponds with the absolute swell coming from abaft ; the obtuse 
angle to the absolute swell coming from forward. When the 
apparent swell comes from abaft, the acute angle must 
always be taken. When the sea comes nearly abeam, V cos. 


a is smaller than U on account of the smal) numerical value | be 


of cos. a. The direction of motion is then the same for the 
absolute sea, as for the appurent sea, and there is no room 
for doubt in selecting between a and its supplement. When 
the apparent sea is very nearly on the bow, it is necessary to 
distinguish between the cases in which the vessel overtakes 
a swell moving less rapidly than itself. The angle a is then 
acute, and the case in which the sea really comes from for- 
ward is when the angle a is obtuse. 

When the apparent sea comes from forward T, must have a 
different sign from that of cos. a. 

The estimation of the half length L may be useful in order 
to determine the sign of cos. a, when the apparent sea comes 
from forward, especially when the swell is but small. 

It is necessary to measure L, when the apparent sea comes 
from aft, in order to enable us, in this case, to select with 
certainty the proper value of T from the two positive roots of 
equation (1). Its measurement must be taken pretty exactly 


when the observed value of T approaches 4 = V cos. a, 


because then the two values of T differ but little from one 
another. 

It is also well to bear in mind that it we never require to 
consider the relative s which would result from com- 
bining U witha s equal and opposite to that of V, 
this implies that the observer knows how to get rid of the 
disturbance caused by irregularities of the swell in the 
direction of the generating lines, and is enabled to record 
only the leading motion of the water which he is observing. 

This note has extended a little beyond what I had in view, 
when I sat down to write, but it may perhaps not be con- 
sidered as too long, by those who bave learnt by experience, 
what. difficulty there sometimes is in drawing exact con- 
clusions from observations upon waves made on a voyage. 
I hope its perusal will induce observers to eet down in all 
their notes clear etatements of the conditions under which 
they made their observations. I especially hope that it will 
induce them to reduce the calculations for themselves, and to 
note at the time the real period alengside of the relative or 

Corrections thus made upon the spot are 
reductions. 
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NOTES FROM THE SOUTH-WESI. 
Newport.—The imports of iron ore last week were again 
very large, amounting to 18,924 tons. Only 493 tons of 
iron were exported during the week. The quantity of coal 
sent over sea was 17,145 tons; in the previous week the 
quantity reached 23,932 tons. 


Cardiff.—For some weeks past this has not been so 
generally busy as it was last week. The inquiry for steam 
coal last week was extraordinarily good, and prices were 
firmer. House coal was not so much in demand ; prices 
were, however, firm. The returns give an increase in the 
quantity sent foreignwise of nearly 5000 tons, the total 
being eg tons. BS ed shipments of = were 
good, and they mig ave m largely in if more 
tonnage had been available. “ 

Swansea New Dock.—The central stone of the new East 
Dock at Swansea was laid on Wednesday. Mr. Walker, 
the contractor, has undertaken to execute the whole of the 
first portion of the work, which includes the dock itself, 
the lock, and the outer walls of the half-tide basin. The 
completion of the basin is tponed for the present, and 
the dock will, therefore, when ready, be opened with the 
entrance through the tidal basin and lock, although 
there is a strong feeling in some quarters as to the necessity 
for immediately completing the basin. The amount of the 
contract is 196,0001. to which must be added the cost of the 
hydraulic machinery, railway sidings, &c., estimated at an 

ditional 33,0001. The works are being carried on er 
the immediate supervision of Mr. Walker and his manager, 
Mr. W. R. Parker, together with Mr. A. J. Schenk, the 
resident engineer to the Swansea Harbour Trustees. When 
complete the dock will afford 23 acres additional floating 
accommodation, with a tidal basin of 6} acres commu- 
nicating with alock 400 ft. long by 60 ft. wide. The East 
Dock will have a mean depth of water on sill at ordinary 
spring tides of about 30 ft., the trustees having recently 
decided on lowering the sill below what was originally in- 
tended. The large amounts expended in deepening and 
dredging the channel of the harbour have already borne 
fruit in an increased depth of water to the extent of 3 ft. 
or more, and, by the time the new dock is completed, there 
will no longer be the cy “ee ground for any prejudice 

inst Swansea as a shallow-water port. The plans in- 
ude the removal of the present eastern pier, and the con- 
struction of a pier extension some 1090 ft. long on the 
eastern side tegen prac with the West Pier extension, 
thus narrowing and marking out the channel, and contri- 
buti it clear from any accumulation of silt 
brought down by the river. The new dock will also be the 
terminus of the old canal between Swansea and Neath, 
known as Tennant’s Canal, the spare water from which 
will be available as backwater to replace any loss of water 
in locking vessels through from the basin. In connexion 
with this canal it is curious to notice that when it was 
constructed by the late Mr. Tennant, some 60 or 70 years 
ago, he was very anxious to create a floating dock at its 
terminus, and issued a pamphlet calling public attention to 
the advantages presented by Fabian’s Bay for such an un- 
dertaking. Owing to want of sufficient support from the 
merchants and landowners of the day nothing was then 
done, but after the lapse of many years Fabian’s Bay is at 
last ogg ges aon to the purpose for which it is so well 
fitted. e necessity for dry dock accommodation having 
been recently pointed out to the trustees, a slight modifica- 
tion has been resolved on, and space will accordingly be 
reserved for a suitable dock for the repair of vi in 
the north-west corner of the new dock, and the founda- 
tions, &c., of the entrance will be laid down by Mr. Walker, 
the completion of the dock being postponed for the present. 
There will be direct communication with the three sending 
railways of the kingdom, the Great Western and Midlan 

ing, as already explained, guarantors of wharfage to a 
considerable amount annually, in return for which the 
have allotted them over 2000 ft. song: on the north anc 
west sides of the dock. In designing the East Dock parti- 
cular attention has, of course, been paid to the uire- 
ments of the export coal trade, it being thought probable 
that the chief import trade will continue as at present to be 
centred in the North Docks, where the principal copper ore 
merchants have their wharves and warehouses. Due faci- 
lities will, however, be afforded for the discha: of car- 
goes at the East Docks, which will be expecially advan- 
gu for iron ores for the Dowlais and Merthyr dis- 

c 


The Forest of Dean.—The house coal trade of this 
district is without improvement, and notwithstanding the 
stoppage of the Fancy Collieries, the other = are not 
perceptibly benefitted. The pig iron trade not re- 
covered from the recent relapse and quotations are weaker. 
It is extremely doubtful whether prices will be maintained 
at quarter-day. 

Dock Accommodation at Cardiff.—On Thursday an in- 
fluential deputation, consisting of merchants and coul 
shippers connected with Cardiff docks, waited upon Mr. 
Jobn Boyle, at Cardiff, on the subject of the construction 
of Roath Dock, which, it will be remembered, was sanc- 
tioned by Parliament five or six years since. 

The Sirhowy Works.—The blowing in of No. 2 furnace 
took place on Wednesday night, thus making four furnaces 
in full blast at these works. 


to kee 





New ZEALAND RaItwayrs.—In 1878-9 the ratio of work- 
ing expenses to traffic receipts on New Zealand railways was 
as follows: Kaipara section, 99.26 per cent; Auckland, 79.12 
per cent. ; Napier, 70.01 per cent. ; Wellington, 79.39 per 
cent. ; Wanganui, 64.30 per cent. ; New Plymouth, 89.55 
per cent. ; Christchurch, Dunedin, and Invercargill, 70.94 
per cent. ; Greymouth, 53.37 per cent. ; Sra | 127. 
oon caehs Nelson, 80.78 per cent. ; and Picton, 91.85 per 
cent. 
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SCRAP SHEARS AT THE PARKGATE 








IRON WORKS. 





CONSTRUCTED FROM THE DESIGNS OF MR. JAMES JOHNSTON, ENGINEER. 
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WE annex illustrations of a steam shearing machine 
for cutting puddled bars or other heavy sections of iron 
ased for piling in the works of the Parkgate Iron Com- 
pany, Limited, Rotherham. As every rolling mill engi- 
neer is aware, machines of this class are subject to very 
oo sange and are very liable to breakages. The 
Parkgate Company having been very much troubled in 
this respect, they gave ceeiien to their chief engi- 
neer, Mr. James Johnston, to design and construct a 
specially strong machine, so as to obviate, as far as 
possible, the loss and inconvenience due to failures in 
their shearing machines. The result is the machine now 
under notice. The main parts of the frame, in which 
are situated the working surfaces for the sliding blocks 
and the bearings for the large eccentric shaft, are mado 
of cast iron, but the sides of the frame are of rolled 
wrought-iron plates, 23 in. thick, with a flange at the top 
end, accurately fitted into the casting in which the bear- 
ings are formed, and secured to it with accurately fitting 
bolts 8in. in diameter. The main eccentric shaft, for giving 
motion to the cutters, is of forged Bessemer steel, 11 in. in 
diameter ; the bearings for this shaft are of cast iron, 
and can be readily adjusted to take up the wear by the 
cotters shown in Figs. 1 and 2. The machine is doub!c 
geared and is driven by an independent steam engine 
with 12-in. cylinder, 13-in. stroke. It has now been at 
work several months with very satisfactory results. 





REVERSING GEAR FOR ROLLING MILLS. 
We illustrate on the opposite page a new arrangement 
for driving and reversing plate rolling and other mills, 
which has been design , Mr. Thomas Claridge, of 
Bilston. The engravings will fairly explain themselves, 
therefore it will not necessary to give any very 
ened description of them. 
¢ rolling mill train is of ordinary construction, the 
ee the arrangement consisting in the driving 
engines, but more especially in the reversing and driving 
motions. It will be observed that the engines are not 
connected, but work separately and in opposite directions 
to each other, each having its own flywheel and shaft. 
There are three spur are the large one which is 16 ft. 
in diameter the centre one, and being fixed upon 
the second motion shaft; it is connected by the latter 
to the train by means of coupiings in the usual way. 
There are two pinions E E loose upon the flywheel shaft, 
and they are made to act as driving pinions alternatel 
by means of friction cones D D, the construction of whic 
is shown by the detail views, Figs. 3,4,and 5. These 
are made to in two corres ig cones formed 
on the side of the s. The driving cones are keyed 
upon the flywheel shafts, and are caused to slide alter- 
nately in and out of gear with the pinions. This operation 
is effected by a steam cylinder G, and a water or oil bye- 
ue cylinder B, through a series of \trong levers G G. 
© flywheel shaft being hollow, the connexion from the 
levers to the friction cones is by means of a strong 
spindle A, having a slct and key through one end that 
engages the cone and the other end attached to the lever, 
having t anti-friction steel discs or washers. The 
arrangement is clearly shown in Fig. 3. 
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RAILWAYS IN SOUTH AFRICA, 
To THe Epiror or ENGINEERING. 
Str,—Cont ly with gold and water, the 
colonists of South Africa are now much agitated about 
railways, and whilst the “‘ Battle of the Routes” promises 
to be warm, activity is displayed in extending the mileage. 
On the 2nd of March a section of the Cradock line, from 
Middleton to Cookhouse, was opened for traffic, and the 
127 miles from the sea were traversed comfortably in eight 
hours, without hitch in the working, although fully an 
hour was consumed in four stoppages. Only six carriages 
were needed for the en party, leaving Port Eliza- 
beth at 6 a.m., so the Alice Dale junction (72 miles) was 
reached in four hours—allowing for breakfast at Sandflats 
station. After embarking friends from Grahamstown, the 
** Voortrekker’’—or Pioneer—steamed briskly by the bank 
of the Bushman’s River, which was running freely, ina 
dirty yellow flood, on the right. The recent rains had 
wonderfully freshened the country, on coming over the 
Zuur ills—down the long incline of 1 in 40 to Alice 
Dale—the scenery was pronounced to be charming. On 
both sections a ten-w' ‘*Stephenson’”’ with heavy six- 
wheeled tender was employed, so no delays were experienced 
throughout the journey ; but in returning, one of these lo- 
comotives nearly halted sometimes during an hour’s work 
over the seven miles of continuous incline with a load that 
would not have troubled a “ Fairlie.’’ Although engines of 
that kind, along with Cleminson cars, are delighting the 
of Kaffraria, we still await their advent on the Mid- 
and North-Eastern railways. We hear of the single- 
boiler Fairlies in New Zealand, and the feeble _per- 
formances of of our engines cause the public to 
criticise the obstructive policy of those who desire to per- 
petuate a costly and faulty system of rolling stock. We 
are, however, confident that the teaching of facts will con- 
quer the prejudices of those who have no personal expe- 
rience of the new model locomotive which earns universal 
praise in more enligh countries. 





Returning to the Cradock line, we find that it is rather 
picturesque ; for we have for many miles the river and road 
right, with rocky cuttings on the left of a dark 

, which in places is fit to be quarried for paving 
and used for a: 


on our 
slaty s' 


stones, has 





| after exposure to the atmosphere ; but it appears to be a 
useful material. At Commadagga we waited twenty 
minutes to allow the of a train bound south, and 
then we bowled along at a fine pace, across an open country 
8 dotted with stunted trees, which resembled Sussex 

wns, barring the turf. Herethe line is merely traced 
on the surface with a slight drain on either side and passages 
for flood water, and the ground being hard, it has been 
easily constructed. On these high rolling flats—which afford 
an immense view encircled by lofty hills, like those about the 
Furness district—we ct up a steady speed of over 30 miles 
an hour without oscillation, and our gaily-decked engine 
devoured the miles in fine style, till we entered a heavy 
cutting with vertical sides of 40 {t. in depth. It is called 
after Mr. Swallow, the engineer who supervised this half 
mile of stiff work, and is the pidce de resistance on the 
line. Immediately on clearing it we descended a grade of 
1 in 40, and entered Middleton station, where there was a 
crowded excursion train of tricks and i from 
Cookhouse, 17 miles distant. Here six burly Dutch farmers 
crowded into the compartment, and gave evidence that the 
country was salubrious, for they looked pictures of health. 
and were in high glee, all talking and laughing like school- 


om. 

‘any natives were spectators, with plenty of naked 
imps, who greatly appreciated a handfal mf raisins or 
biscuits fiung to them. Leaving Middleton, the line still 
P its surface formation, and afforded excellent 
running, so that we made the 127 miles in seven hours 
actual ing, arriving at2p.m. The place is situated 
on the Great Fish River, lying 15 miles from Somerset 
East and 20 miles from Bedford, both fine agricultural 
centres. It was crowded with vehicles, and hundreds of 
Kaffirs in festal attire, the women in blankets, red clogs, 
bright dresses, and head , and the men in fighting 
costume, with Kerries and long sticks, but no assegais. 
For two or three hours war dances were going on, with 
much rhythmic stamping and chanting, which bad a 
picturesque effect; for every ‘‘ brave’ was distinctively 
——- with a shield, tails, feathers, —_ 
Many a kind of bone strigil, used to scrap . 
spiration which freely oozed from their necks and faces. The 
odour exhaled was powerfal ; but whilst contrasting it with 
“* Rimmel,” curiosity tempted us to stand close to the 


kwork | children of Africa, who possess many high merits of dis = 4 


tion and physique. Later on, after a scramble for silver, 
some warriors walked badly, but I saw no ill behaviour ; 
and the crowd was ing about 6 p.m. At three some 





200 ladies and gentlemen assembled in a new goods shed, 
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REVERSING GEAR FOR ROLLING MILLS. 
DESIGNED BY MR. THOMAS CLARIDGE, ENGINEER, BILSTON. 
(For Description, see opposite Page.) 
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where a splendid luncheon was disposed of to the accom- 
paniment of a military band from Port Elizabeth. There 
were speeches from magistrates and members of Parlia- 
ment, but the writer being under the eye of an “‘ I.0.G.T.,” 
he did not wait for champagne or doeanes, and retired 
panies & “precincts, TS ceakeieteds peection 
ram e the i irable i 

tion of afteone ah ae rhilst goods 
ion nea‘ » whi the 

sheds were of ample design. Near the bed of the river— 
which flows in a deep gorge cut t alluvium — the 
authorities have sunk a wide well, are driving a 
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Algoa Bay, 3, 1888, P. FRANOR. 


SURVEYING CHAINS, 
To THE Eprtor oF ENGINEERING. 
_ Srr,—TI beg to enclose you a sketch of a new termina- 








“¢ ’? does not, and cannot without some little diffi- 
culty, hold the pin hard up to the handle of the chain, 
more particularly when any considerable strain is exerted. 
I have repeatedly observed a of ¢ in., and sometimés 
es this even when I have employing professional 
chainmen. 





Now bearing in mind the unavoidable errors that will 
force themselves into os chaining operations, it 
is the more n eliminate those over which we 
have any control. I have therefore adopted the termina- 
tion shown in the figure which explains itself. The double 
hook takes the pin, which thus forms a handle. It is a relief 
to the chainman, and an efficient means of getting rid of one 
of the principal sources of error in chaining. 

I beg to remain, your obedient servant, 
Joun E. Oram, 


Professor 
King’s College, Windsor, Nova Scotia, Mek is, 1e80. 


“A HYDRAULIC NOVELTY.” 
To THE EpiTor oF ENGINEERING. 
S1r,—I have now made some experiments with an ap- 
paratus described under the above heading in ENGINEER- 
















11, Trinity-square, Brixton, London. ainis 
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THE STRENGTH UF IRON STRUCTURES. 
To THE EpiTor oF ENGINEERING. : 

S1r,—The subject discussed by Mr. Am Ende in his last 
letter is certainly one of great interest, but does not appear 
to have any direct connexion with the point at issue be- 
tween us. Mr. Am Ende, in the clearly reasoned paper 
which you published on the 5th of March, proposed to 
calculate the ‘‘ safe working load”’ on the different parts 
of a structure by formule based on W6bler’s experiments, 
based, that is to say, on certain assumed alterations in the 
limit of elasticity, for Wobler has not suggested at all 
that the ultimate resistance of a material ie affected by re- 
peated strainings. All his reasoning in that article as 
to the different foads which a given bar could bear under 
different circumstances with a given factor of safety, an‘ 
so forth, depended absolutely on the alteration of the limit 
of elasticity under these different circumstances. I am a 
little surprised therefore at Mr. Am Ende’s saying that 
he prefers to base his calculations of strength upon 
the ultimate resistance of the material rather than upon its 
limit of elasticity. In this case I fail to see how Wohler’s 
results affect the matter at all. ng 

As for myself, I have been careful to express no opinion 
one way or the other, I have merely argued that we must 
not base any estimate of strength upon an artificially raised 
limit of elasticity in structures made of materials in their 
ordinary commercial condition. The general question be- 
tween adopting ultimate resistance and limit of elasticity 
as bases for calculating strength is a very complex one, and 
at present Ido not see my way to working with either 
alone asa base. As a matter of fact the limit of elasticity 
of the most wretched irons is sometimes about as high as 
that of very fine qualities, although the breaking load of 
the latter is 30 per cent. in excess of that of the former. 
The whole subject is one in which there is still room for 
unlimited experimenting. 

I must claim, however, to bave established the particular 

int about which I wrote to you, especially as Mr. Am 

inde has now nothing more to say against it. 

In reference to the allowance for corrosion, &c., to which 
he alludes, I hope he is not prepared to name any engineer 
who would allow one en of a tie-rod to be eaten away to 
** half its net area,’’ or anywhere near it, before replacing 
it. The notion makes one a little nervous about crossing 
iron bridges! But seriously, I think we must be very 
careful indeed how we talk of the stress in much corroded 
hars, or the strength of the iron that is left in them. The 
distribution of stress must inevitably be a good deal altered 
in such cases, and certainly we must not assume without 
proof that the weathered iron that is left is by any means 
equivalent to an equal area of iron fresh from the rolls or 


forge. 

If my friend Mr. Smith will consult Weyrauch’s ‘‘ Festig- 
keit und Dimensionenberechnung d. Eisen u. Stahl-con- 
structionen mit Riicksicht auf d. neueren Versuche,’’ he 
will find that the “‘ philosophers’’ have not been guilty of 
such sy extraordinary negligence as he suggests. Laun- 
hardt’s formula gives intermediate values which appear to 
agree very well (as Mr. Am Ende has said) with the ex- 
periments, and so I believe do those of some of the other 
German engineers. The extension of the formula to the 
case where the stress is alternately tension and compres- 
sion is not “‘ arbitrary’ at all, as Mr. Smith will find if he 
will consult Wohler’s ‘‘ Festigkeitsversuche mit Eisen u. 
Stahl,” or the capital papers on ‘‘ The Fatigue of Metals,” 
in which uyes gave his results in 1871. Wohler madea 
number of experiments on bars of which each fibre was 
brought alternately from a given tension to a given equal 
compression, and there is no reason to suppose flat similar 
results would not be found in the intermediate cases where 
the tensions and compressions were unequal. 

I am, yours truly, 
Avex. B. W. Kennepy. 

Raginsering Lasers, University College, 

mdon, April 4, 1880. 





To THe EpiTorR oF ENGINEERING. 

Srr,—A refutation of the attacks made in Mr. R. H. 
Smith’s letter upon the Launbardt-Weyrauch formula, and 
upon my own views would result on the one hand in the 
citation of passages from the various authors, and on the 
other in a reiteration of my own arguments. 

Instead of this I will follow the more useful course of 
directing attention tothe following literature : 

Wohler. —‘“‘ Zeitschrift fur Bauwesen,’’ 1860, 1863, 1866, 


1867. 
anced saan entina eam mit Eisen und Stahl,’ 
ENaInernine.—Vol. xi., Wobhler on the Fatigue of 


etals. 

Launbardt.—“‘ Zeitschrift des Arvh. u. Ing. Vereins, 
Hannover,”’ 1879. 

Spangenberg.— Das Verhalten der Metalle Zeitscrhift fiir 
Bauwesen,”’ 1874, 1875. 

Weyrauch.—“ Festigkeit und Dimensionenberechnung,”’ 
German edition, 1867. 

The same.—English edition, 1877. 

The same extended.— Italian edition, 1879. 

Weyrauch.—“‘ Zeitschrift des Arch. ». Ing. Vereins, 
Hannover,” 1879. 

Winkler.—‘‘ Whal der Inausprachrahme,” 1877, and 
others. 

I may, however, be allowed to mention that the diffe- 
rence of opinion between Mr. R. H. Smith and myself with 
regard to the factor of safety, alluded to at the end of his 


letter, is ——- by m i communication which ap- 
peared simultaneously with his letter, and I think it may 
not be out of to give here a translation of a sentence 


‘estigkeitsversuche,”’ &c., 7. 
“* By the factors of safety it is intend account for 
the unforeseen. 


feots of the mate: workmanship ; on the other 





This ie on the one hand in the d 
rial or of the the other |e 








hand, in the magnitude of the forces. The latter should 
be accounted for by the assumption (ivormirang) of the 
work (Leistung) ; only the two former are to be neutralised 
(auszugleichen) by the factors of safety.” 
I am, Sir, yours truly, 
M. am ENDE. 
8, Westminster Chambers, 8.W., April 7, 1880. 
PASSENGER RIVER STEAMERS. 
To THE EprTor oF ENGINEERING. 

Srr,—In your issue of the 26th Marsh last, 253, on 
** Passenger Ferry Steamers,” by John Ravenhill, there 
occurs @ passage concerning the building of the second two 
Rhine steamers which must surely be an “‘ erreur de plame,”’ 
at least it is not in strict accordance with the truth. It is 
therefore that I feel it but fair justice to the builders that 
it be rectified. The paragraph says: ‘‘ These proved such 
a success that two more of somewhat larger dimensions 
were laid down in 1870, all the above-named parties being 
engaged in their construction,’’ whereas [ happen to be 
able to state positively that the latter two vessels were 
built to plans made by Messrs. L. Smit and Zoon, at the 
Kinderdijk, in Holland. 

Flushing, April 5, 1880. W. H. Martin. 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—There was a dull market 
last Thursday forenoon, but it improved, and closed as on 
the previous day. Business was done during the forenoon 
at from 55s. to 54s. 10$d. cash, and the close was buyers at 
the lower figures, and sellers asking 14d. more per ton. In 
the afternoon from 55s. cash to 55s. 3d. eight days were 
paid, and the market closed with sellers at 55s. 3d. cash 
and 55s. 74d. one month, and buyers 14d. less. Friday’s 
market_was quiet, and prices started 4$d. down, but rose 
another 3d., and cl as on the previous day. There 
were transactions during the forenoon at from 5is. 9d. to 
55s. cash, the market closing with buyers at the latter figure, 
and sellers 1jd. lower. Daring the afternoon from 
55s. 1jd. to 55s. 44d. cash, and from 55s. 6d. to 55s. 8d. 
one month, were the quotations, the market closing with 
sellers at 55s. 3d. cash and 55s. 6d. one month, and buyers 
offering 14d. per fon less. The market opened on Monday 
forenoon at 55s. 3d. cash paid, then advancing rapidly to 
56s. 6d. and 56s. 9d. various prompts, receding quickly to 
56s. 6d. cash, 56s. 3d. afterwards paid, and still sellers 
there at the close. The afternoon market opened with 
56s. 9d. one month paid, then 563. 6d. to 56s. 9d. various 
prompts, improving to 57s. cash, then 56s. 9d., again 57s. 
cash and 57s. 44d. one month, closing with buyers at 
the best. The market opened yesterday morning very 
strong, and prices were run up ls. per ton; but heavy 
selling began, and the advance was soon lost. Business 
was done during the forenoon at from 57s. to 583., then at 
56s. 9d. cash and 57s. lid. one month, closing sellers at 
56s. 9d. and 57s. 14d. cash and one month respectively, and 
buyers 1}d. per ton less. There were transactions in the 
afternoon at from 56s. 6d. to 56s. 3d. cash, and from 
56s. 104d. to 56s. My one month, the close being buyers 
at 56s. 4$d. cash and 56s. 9d one month, and sellers ooking 
1d. more. A considerable amount of business was done at 
the opening. To-day’s market opened firm, with 56s. 9d. 
cash to 57s. next week done, receding to 56s. 74d. cash and 
57s. one month accepted, again improving to 57s. cash and 
57s. 1$d. next week and 57s. 44d. one month, and at the 
close 57s. 3d. one month accepted, and perhaps rather 
buyers, sellers 57s. cash. The afternoon market opened 
with business done at 57s. 14d. cash fourteen days, im- 
proving to 57s. 3d. cash next Tuesday; also 57s. 44d. one 
month, but receded to 57s. one month and 56s. 11d. cash, 
closing eae for cash and sellers 57s. 14d. one month. 
Towards the end of last week there was much depression 
and a very languid and lifeless market wastherule. There 
was a good deal of buying to cover ‘‘ bear” sales made 
when prices were higher. Makers reduced the prices of 
nearly every brand, and second-hand holders were selling 
at prices considerably under them, as much as 33. or 4s. 
per ton. Some parcels of iron purchased some time ago on 
American account have been or are being re-sold here 
instead of being shipped. No. 3 iron is still in good 
demand for local consumption instead of Cleveland iron. 
The demand from the Continent remains of the most 
meagre description. Several leading brands of hematite 
pig iron have recently been sold at 85s., and even lower 
prices have been named. Last week’s ship ts of Scotch 
pig iron amounted to 15,822 tons as against 12,653 tons in 
the corresponding week of last year. Ihe stock of pig in 
Messrs. Connal and Co.’s public warrant stores s at 
438,619 tons at the end of last week, thus showing a de- 
crease for the week of 1015 tons. There are still 114 blast 
furnaces in actual operation as compared with 90 at this 
time last year. 


Tay Bridge Operations.—The brig Henry, which has 
now been thoroughly equipped, was taken up to the Bridge 
at an early hour on Saturday morning for the purpose of 
testing her lifting capabilities with the portion of girder 
lying over the sunken engine and tender. After being 
moo in position the chains were lowered through the 

ulleys of the three great horns projecting over her bows 

own to the divers beneath, and were — 
when the order to heave away was given. Ina dow minutes 
the girder came to the surface, and was at once hove clear 
out of the water and towed down in the ‘‘ Henry’s teeth”’ 
to the Tidal Basin. This portion measures fully 50 ft. in 
length. Attached to it are the posts, angle irons, and 
straps, and the whole will weigh about 20 tons. The test 
was considered most satisfactory, and Mr. Armit feels 
quite confident that the H will be able to lift the 
engine, the attempt to do which been fixed for Wednes- 
forenoon. A number of the offivials of the North British 














up additional evidence in view of the resumption of the 
Tay Bridge inquiry in London on Monday, the 19th April. 
us. Bicsed Gilles, whose firm wail the bridge, was 
en ng with other engineers making an examina- 
tion of the broken girders and piers, to ascertain whether 
they could discover anything to throw light on the cause 
of the disaster. On Saturday forenoon Mr. Valentine 
took eae > pea of the top of the luggage van of the lost 
train, which was found in two portions at Broughty Ferry 
on the morning after the disaster. The photographs are 
to be laid before the Court of Inquiry. A good deal of 
progress has been le since y in lifting and 
removing one of the second-class carriages, the brake van, 
and the engine of the ill-fated train. 


Greenock Harbour.—At the monthly meeting of the 
Greenock Harbour Trust held yesterday, Mr. Kinipple, 
the engineer, was instructed to qunaees plans for addi- 
tional shed accommodation at the West Quay, the probable 
cost of which is set down at about 40001. 


Clyde Shipbuilding Trades.—Most of the shipbuilding 
yards on the Clyde are now well employed, and the work 
on hand is being pushed forward with a considerable 
degree of activity. There were twenty-three vessels 
launched last month, and an aggregate of 20,400 tons, 
rather less than in the same month of last year, and con- 
siderably less than in March 1878. The largest vessel 
launched during the month was one of 3390 tons for the 
Peninsular and Oriental Steam Navigation Company. 
‘There was also one of 3000 tons for an Italian company. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday the quarterly 
meeting of the North of England iron and allied trades was 
held at the Royal Exchange, Middlesbrough. There was 
a large attendance, but there was comparatively little 
business done. It was found that Messrs. Vonnal and Co., 
the warrant storekeepers of Middlesbrough and Glasgow, 
were busy delivering iron ex store, and that their stock at 
Middlesbrough stood at 95,214 tons, being a reduction of 
3436 tons on the week. On Tuesday they had delivery 
orders for fully 1000 tons. Their Glasgow stock had been 
reduced 270 tons during the week and stood at 438,68) 
tons. The market was firmer, No. 3 Cleveland pig being 
quoted 51s. 6d. per ton for prompt delivery. It is generally 
believed that as soon as the excitement of the general 
election is over steady and improving trade will ensue. 


The Make and Disposal of Cleveland Pig Iron.—The 
Cleveland Ironmasters’ Association returns for the month 
of March have just been issued. They show that of 165 
blast furnaces in the North of England, 110 ‘are in opera- 
tion, and that three new furnaces are being built. 


The Quarterly Meeting and Ezhibits.—The usual faci- 
lities were given to persons desiring to exhibit articles of 
interest to the iron trade at Middlesbrough on Tuesday 
and the result was that up the centre of the hall there were 
numerous novelties. Mr. Charles Wood, of Middlesbrough, 
showed specimens of his wrought-iron sleeper and chair 
clip. The Nickel Plating Company, of Stockton, exhi- 
bited a number of articles which illustrated the advar- 
tages of their plating process. Messrs. Petchell and Co. 
and Mr. McNay, of Middlesbrough, each showed a large 
number of screws and ingenious fittings. A model of the 
machine for washing the sand out of mill scale was shown 
by the patentee, r. Henry Bennett, of Stockton. 

r. James Butler, of the Roseberry Steel Works, Middles- 
brough, exhibited steel castings and ingots. Messrs. 
Howson and Wilson, of Middlesbrough, exhibited a 
model of Simon and Carvé’s patent coke oven. The com- 
pany of Terrenoire have about two hundred of these ovens 
at work at Bességes, Gard, France, and we understand the 
commercial results have been very satisfactory. The 
objects of the invention are, firstly, to obtain a hard coke 
suitable for blast furnaces, without wasting any of the 
fixed carbon in the coal ; and, secondly, to completely utilise 
the volatile products given off during the operation. At 
Bességes these objects are so perfectly attained that the 
theoretical yield of coke is obtained from the coal—being in 
their case 73 per cent. The quality of the coke is very 
good. The collection of the tar and ammoniacal liquor is 
also stated to yield a profit of from 3s. to 43. per ton of 
coke made. These ovens are oblong chambers about 16 ft. 
long, 2 ft. 2in. wide, and 5ft. 9in. high. They are c 
by two openings at the top, and there are flues underneath 
the bottom and around each side in which the gases which 
have been deprived of their tar and ammonia are burnt. 
No air is admitted into the oven during the coking opera- 
tion. The coke is discharged by a steam ram, and at once 
slaked with water in the usual manner. This system is 
doubtless one of much interest and great importance to 
coalowners, and particularly so in the Darham district, 
where the demand for sulphate of ammonia, one of the bye- 
products of the process, is likely to receive a strong 
stimulus when the projected sinking for salt on the Tees 
has culminated in the manufacture of alkali by Solvay’s 
process, in which ammonia is so ex | used. We under- 
stand Messrs. Howson and Wilson, of Middlesbrough, have 
been appointed sole agents for the invention in the Durham 

istrict. 





attached, | dis 


The Finished Iron Trade. — Practically there is no altera- 
tion in the finished es trade. aa chip rds nd oo of 
w going on. gineers and shipbui continue 
busy, and iron founders manage to get orders which keep 
them a few months ahead of their productive power. 

The Coal and Coke Trades.—There is not such a heavy 


demand for fuel, but as several additional blast furnace 
i in the finished 





Railway Company were in Dundee a few days ago, getting 


are in , and as greater activity 
iron » engineering, and shipbuilding is anticipated, 
prices of coal and coke are expected to advance. 
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NOTICES OF MEETINGS. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, April 13th, at 
8p.m. Discussion on “ Explosive Agents,” and, time permitting, 
the following papers will be read: 1. “Abingdon Sewerage,” by 
Mr. C. F. Gower, M.Inst.C.E, 2. ‘Main Drainage of Torquay," 
by Mr. G. Chatterton, M.A., Assoc. Inst. C.E. 

INSTITUTION OF SURVEYORS.—Monday evening, April 12th, at 
12, Great George-street, Westminster. A paper will read by 
Mr. C. G. Saunders (Member), entitled “ Quantity Practice.” The 
chair to be taken at 8 o'clock. 

Tar Society oF TELEGRAPH ENGINEERS. — Wednesday, 
April 14th, at the Institution of Civil. Engineers, Council 
Meeting at 7 p.m. Ordinary General Meeting at 8 p.m. “ Note 
on some Effects produced by the Immersion of Iron and Steel 
Wires in Acidulated Water,” by Professor D. E. Hughes, Member. 
** Note on Professor Hughes’ Communication,” by Mr. W. Chandler 
Roberts, F.R.S. ‘On the Adhesion of Metals produced by Currents 
of Electricity,” by Augustus Stroh, Member. 
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THE SLIPPING OF LOCOMOTIVES. 

Durine the past two or three years a good deal 
cf discussion has arisen, wend on the Conti- 
nent, as to the alleged slipping of locomotive 
driving wheels at high speeds, the slipping to which 
we here refer not being the action ordinarily known 
by that name, which is at once noticeable by the 
driver, but a partial slipping which, it has been 
asserted, takes | per more or Jess continuously at 
high speeds, and which is not discoverable without 
the employment of special methods of observation. 
Some two years or so ago prominent attention was 
directed to this matter by M. Rabeuf, who carried 
out on the Northern ilway of France some 
experiments which certainly yielded startling 
results, These experiments were made with a 


four-coupled engine having coupled wheels 7 ft. 
in diameter, and carrying a to 


load of 27 tons, 








In fine weather M. Rabeuf found that this en- 
gine when running light at the high speed of 
74} miles per hour down a —_ mt of | in 200, ap- 
parently slipped continuously to the extent of 19 per 
cent., while other engines also gave results of a very 
similar kind, the slipping at maximum speeds appa- 
rently varying from 13 to as much as 25 per cent. 
According to M. Rabeuf’s observations the per- 
centage of slipping increased with the speed and 
was greater on descending then ascending gradients, 

‘These results obtained by M. Rabeuf naturally 
received considerable attention, and they have been 
analysed in France by MM. Desmousseux de Givre 
and J. Morandiére, and in Italy by Signor Opizzi. 
We have not space here to enter into the details of 
the investigations made by these engineers, but we 
may say that the general explanation arrived at is 
to the effect that at very hig speeds not only is the 
coefficient of adhesion modified, but during certain 
portions of the revolution of the driving wheels 
the pressure of the wheels on the rails is 
materially affected by the action of the an- 
balanced rotating parts, &c. When working at a 
high grade of expansion, as would qeebealy the 
case with a light engine descending an incline, the 
effective moment of rotation due to the action of 
the steam in the cylinders of course varies consider- 
ably at different parts of a revolution, and the co- 
incidence of a maximum moment of rotation with 
the diminution of adhesion pressure above referred 
to, might of course result in slipping for a certain 
portion of each revolution of the driving wheels. 
Signor Oppizzi, however, came to the conclusion 
that this action is not likely to occur at the ordin 
speeds at which trains are worked, and that M. 
Rabeuf’s results were thus of an exceptional cha- 
racter, 

While, however, M. Rabeuf’s experiments have 
been thus discussed there seems to have been no 
effort to check the accuracy of his deductions until 
the matter was again taken up on the Northern 
Railway of France last year by 
who has lately contributed to the Revue Générale des 
Chemnis de Fer a very interesting memoire on the 
subject describing his mode of experimenting and 
the results which he has obtained. The apparatus 
employed by M. J. de Laboriette in his researches 
was arranged to obtain electrically, by the use of a 
Morse printer, a record of every revolution made by 
the driving wheels. According to the arrangement 
first employed, one pole of a battery was placed in 
communication with the driving axle of the engine 
on which the experiments were being made, while 
the other pole was connected to a long metallic 
brush, insulated and mounted on the driving horn- 
plate of the outside frame of the engine, so that at 
each revolution the brush came into contact with 
the outside crank on the driving axle. The circuit 
was thus completed once during each revolution, 
and a Morse printer being placed in the circuit a 
mark was made on a travelli — of paper for 
every revolution made by the driving axle. It was 
found, however, on trial that this arrangement was 
not entirely satisfactory, the contact between the 
metallic brush and the crank arm being very brief 
and not always sufficiently perfect to secure the 
completion of the circuit, cod these was, therefore, 
substituted for the brush arrangement an “in- 
terrupter’ worked froma reciprocating part of the en 

ine, and arranged so as to complete the circuit once 

uring everyrevolution, This‘‘interrupter” consisted 
simply of a vibrating lever connected to one pole of the 
battery, and carrying a spring which during a portion 
of the oscillation of the arm rested upon an insulating 
surface, and during the remainder of the oscillation 
“mx sw the circuit by bearing upon a metallic arc 
in electric communication with the other pole of the 
battery. The revolutions of the driving wheels 
being recorded in the manner just described, there 
remained to be recorded the distance ran by the 
engine, and this was done by an observer, who 
marked on the travelling band of paper the passage 
of the engine past each kilometre post, the instant 
of ing being announced by a second observer 
striking a bell. Slight errors due to the observers 
or to the want of absolute accuracy in the spacing 
of the kilometre posts were eliminated by making 
each experiment continuous over a number of kilo- 
metres, while the apparatus was fitted to a dyna- 
mometer van, 80 that observations of the tractive 
owes exerted by the engine could be simultaneously 

e. 

The experiments carried out by M, J. de Laboriette 
were carried out on six locomotives of three dif- 
ferent types, five of the engines having each four 


. J. de Laboriette, | ®P 


cou wheels, while the sixth was a Crampton 
engine with asingle pair of driving wheels, In each 
case the circumference of the wheels was obtained 
with great care not by measuring the diameter, but 
by moving the engines slowly on the rails and 
measuring the distance traversed for a complete re- 
volution. The trains hauled during the experiment 
varied in length from 12 to 22 carriages and the 
speeds from 70 to 90 kilometres (434 to 56 miles) 
per hour, while the results show that under the 
conditions existing on these trials no slipping what- 
ever occurred. In fact, the agreement between 
the actual distances run and the distances as measured 
by the revolutions of the driving wheels as recorded 
by the Tables in the manner above referred to, is 
extraordinarily close, and speaks most highly for the 
accuracy with which the measurements were made, 
the difference never exceeding a small fraction of a 
revolution per kilometre. 

M. J.de Laboriette’s experiments may be considered 
to entirely set at rest any doubt which may have 
arisen as to the ial slipping of driving wheels 
under the ordinary conditions of locomotive work- 
ing, proving as they do that no such continuous 
slipping exists, and that hence this supposed action 
has not to be taken into consideration as a cause of 
wear and tear. We trust that on some future 
occasion M, J. de Laboriette may be able to extend 
his researches ~ he has not already done so) to the 
investigation of the action which takes place at the 
exceptionally high s attained by M. Rabeuf in 
his experiments, so that the results obtained during 
these trials may be checked by independent ob- 
servations, Speeds of over 60 miles per hour are 
now common with many of the ex trains in this 
country, and it is daily ming of more importance 
that the working of locomotives and the resistances 
of trains at these high speeds should be thoroughly 
investigated. Theory has shown that at exceptionally 
high speeds partial slipping may be produced from 
the causes to which we have already alluded, and it 
pears to us well worth while to check the deduc- 
tions of theory by iment, and to ascertain 
whether with locomotives as now proportioned there 
exists an obstacle to the attainment of very high 
speeds which has hitherto not been generally appre- 
ciated. So far the investigation of this matter has 
been left to Continental engineers, but there is eve 
reason why, with the fast traffic to be dealt wit 
here, it should be made the subject of careful 
experiment in this country, and we hope, therefore 
to hear of its being taken up thoroughly by some of 
our locomotive superintendents. 





THE TRADE REVIVAL CHECK. 

THERE is at the present time an unquestionable 
check totherapid revival which some prominent trades 
have been experiencing; and this has prompted the 
inquiry whether we are again to have a descent into 
the depression from which we seemed to have 
emerged ? Nor is the question one to be answered off 
hand, for though there were additions to the demand 
for other countries, yet it is unquestionable that it was 
not only from the United States that the first impulse 
came, but it was from that country that there were 
received the great bulk of the additional orders for 
iron and other goods that gave the increased demand 
which enabled so many of our mills and furnaces to 
be re-started. Hence the non-continuance of these 
orders has given a check to the growth of our trade. 
It is worth inquiring as to the cause and the effect 
of this. It is chiefly the metallurgical industries 
which are effected, and a few facts in relation to 
these are needful, It is generally known that when 
the first. orders for iron were received last year on 
a large scale for the United States the prices here 
were the lowest known for many years, and those 
then current in the United States were consider- 
ably in excess, The largeness of the demand that 
sprung up added materially to the price ; and now 
steel rails, pig iron of some kinds, plates, and other 
classes of manufactured iron are at double the 
amounts they wereafew months ago, whilst in nearly 
every other kind of metal there been a very 
serious rise in the price. And though prices have 
advanced rapidly in the United States, yet the 
advance has not been in proportion to that known in 
this country, and the margin between the prices 
there and here is lessened, and with it also the 
—- of those who have imported British iron 

to the United States. As the purchasing power 
of no country is unlimited, it was to be ex 





that the advance in the price of iron goods would 
restrict the demand ; 


this has also been for a 
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time heightened in its effect by the page of 
vai transactions between the two countries and in 
some by the “ ring” across the Atlantic, 


But at the present time we have not only a check 
to increase, but on the contrary a fall in the 
prices, and it seems clear that there has not been a 
decrease to a ng degree in the American 
metal markets, whilst the recovery in the latter is 
likely to be more rapid than it will be here, for no 
thorough revival here can be expected till the 
present political excitement has subsided. The 
season for activity in railroad construction in the 
United States is approaching, and for this there 
should be an enlarged demand, whilst the recent 
extensive tion to the Western States of 
America should give a claim for a considerable addi- 
tion to the demand for iron for that country. It is 
not likely that we shall see a much greater fall in the 
prices of iron here, for the cost of production is likely 
to rise under the increased wages the sliding scales 
may be expected to give ; and with the approach of 
summer, ex ee bah ry may be expected 
to rise further. Stocks have at length begun to fall, 
under the influence of heavy home consumption, and 
of shipments abnormally large. And the orders in 
hand are known to be sufficiently heavy to give con- 
tinuous work, in many instances, for months to come 
—especially for steel and steel-making irons. Look- 
ing then to the probability of no further fall in the 

ices here, ped of an increased demand for iron 
again setting in from abroad, it may be supposed 
that the large addition to our iron-making resources 
which has been put into operation will find for some 
time full employment; and, as the carrying 
companies are now nning to feel the revival, 
their demand for material must increase and contri- 
bute to a further early recovery. 

In nearly all the recent periods of revival of 
trade, there have been checks to the early advance. 
As there are ebbs in an advancing tide, so the tide 
of prosperity knows its advancing and receding 
waves, and as the force of the advance is, so is that of 
the rebound. It may be fairly hoped that the parallel 
will be perfected by a sure if slow recovery in 
the volume if not in the value of the demand. It 
is by no means clear that the time of the highest 
prices is that of the greatest prosperity ; and as the 
prices for all classes of iron and steel goods are 
still sufficiently high to yield a fair profit to the 
manufacturer, and not unfair wages to the work- 
men, the rapid advance in rates can scarcely be pro- 
nounced one, the continuance of which is essential 
to the prosperity of the trade. What is needed 
in this respect is steady work at remunerative 
prices ; and as the fall in rates leaves them still re- 
munerative, and must tend towards increased orders, 
it must be pronounced to be beneficial rather than 
otherwise. The state of the trade for the next few 
weeks will be watched with interest, for the orders 
for the ensuing summer may be expected to be 
soon and on the extent of those for foreign 
countries will depend the extent of the prosperity 
in the iron and allied trades. Of the ss 
manufactured goods, there are fairly abundant 
orders, and for some of those of higher quality and 
more advanced in process of manufacture, there is 
also a fall demand; but it remains to be seen whether 
the orders that were once known for rails to 
the United States will again be received. The issue 
of the p to change some of the duties on 
British goods on entering the States will contribute 
to the full solution of the question; but it ma 
fairly be assumed that for the present year, at all 
events, there will bea very large trade done with 
that country in iron and steel, and in other of our 
productions, And the impulse thus given must 
make itself felt in all the related industries, and 
benefit the whole trade of the country. And that 
benefit once ienced, and aided by the settle- 

vailed, vie gat ite mete tote, 7 Il be 
prevai not ily lost, but wi 
marked in its effect on all Britich industries, and in 
all our manufacturing districts, 





FROUDE’S DYNAMOMETER. 

Ir will be remembered by many of our readers 
that at the meeting of the Institution of Mechanical 
oS at Bristol in July, 1877, the late 
Mr. W. brought under the notice of the 


members a most ous yo eengard which he 
had for the testing of large marine engines. 
We at er 8 og Mr, Froude’s with 
illustrations of gave an 





and 
account of Mr, Froude’s admirable explanation of 


the principle upon which the design of the apparatus 
is based, as laid before the Bristol meeting (vide 
67, 90, and 95 of our twenty-fourth volume), 
= ee h long before this to have had to record 
some of the results obtained by the application of 
the arrangement to certain of the marine engines of 
our Navy. The application of the instrument has, 
however, been delayed, and it is not until within 
the last few days that it has been turned to 
ractical account, the vessel to which it has first 
re applied being H.M.S, Conquest, in the Key- 
ham Dockyard, Devonport. 

Considering that Mr. Froude’s dynamometer has 
already been fully described and illustrated by us, 
it will be unnecessary for us to re-describe it in de- 
tail here, but we may state generally the manner in 
which the application to the Conquest has been 
made. It will be remembered that the apparatus 
consists of a sort of turbine disc having cells formed 
on both sides of it, this disc being fixed in the 
screw shaft in place of the screw, and made to re- 
volve between a pair of discs having cells of a par- 
ticular shape formed on their surfaces op to 
the revolving disc. ‘These outer or non-rotating 
discs form a casing which the reaction of the water 
—churned between the turbine disc and casing— 
tends to carry round in the same direction as the 
revolving disc. This tendency to rotate the casing 
is resisted by an arm attached to the latter, the 
outer end of this arm being connected to an in- 
tegrating apparatus, which records not only the 
amount of exerted, but also the speed of rota- 
tion of the turbine disc, or, in other words, gives 
the amount of net work performed by the engines 
to which the apparatus is applied. 

Oar illustrations on pages 90 and 91 of our twenty- 
fourth volume show one of Mr, Froude’s dynamo- 
meters with a turbine disc 5 ft. in diameter, and it is 
a dynamometer of this size which has been applied 
to the Conquest. Instead, however, of the inte- 
grating apparatus being supported on the quay wall, 
as shown in the illustrations just referred to, it is in 
the case of the ~~ carried upon a platform 
mounted on a pair of launches fixed a short distance 
apart, so as to form a kind of twin vessel with the 
platform between them. The vessel is in the basin 
at Keyham, so that the water is quite smooth, 

The Conquest is fitted with horizontal compound 
convertible engines by Messrs. Humphrys and 
Tennant. They are cf the return connecting rod 
type, and have two high and two low-pressure cy- 
linders, the low-pressure cylinders being between 
the high-pressure cylinders and the crankshaft. 
The cylinders are 36 in. and 64 in. in diameter re- 
spectively, and the stroke is 30 in., while the dia- 
meter of the crankshaft is13in. The high and low. 
pressure pistons of each engine are connected by 
a single piston rod, while a pair of piston rods lead 
from the low-pressure piston to a crosshead on the 
opposite of the crankshaft, The engines are fitted 
with surface condensers, 

The dynamometer which has been applied to the 
Conquest has been constructed by Messrs, Easton 
and Anderson, and its application has been made 
under the supervision of the late Mr, Froude’s son, 
Mr. R. E. Froude, who with Mr, Brunel has also 
had charge of the experiment. A preparatory trial, 
which was quite of a private character, was made 
on the 24th ult., with steam at a low pressure ; and 
since then several trials have been made, on one 
occasion as much as 2500 horse power being in- 
dicated, while the frictional losses were, we under- 
stand, very excessive. The complete results of 
the experiment will we hope in due course be 
made public, meanwhile we are glad to say that 
the working of Mr. Froude’s d ometer has 

roved to be most successful, and there can be no 

oubt that by its application to engines of different 
types, some very valuable information will be 
gained. It must, however, be borne in mind that 
the frictional resistance, as determined by this dy- 
namometer, will be less than that which exists when 
the engines are driving a screw, the end thrust cn 
the propeller shaft which occurs in the latter case 
being wanting. 


METEOROLOGICAL REPORT FOR 1879. 

THE accuracy which usually attends the published 
daily reports of the Meteorological Office, together 
with the character of the eee which we a 
experienced, not only during the summer, but 
also during the cua now torninated, will, no 
doubt, the present annual report more than 
usually interesting; for alth it does not give 
us reasons for the quantity of fog we have experi- 








enced during the winter, nor forthe unusually damp 
and cold summer which we have passed through, 
it tells us of what has been done, and what is being 
done in laying down bases from which deductions 
—_ for the future be drawn. We feel that in 

ishing the office every success, we are but echoing 
the desires of many, for there is probably no subject 
in which all are so generally interested as the seasons 
and the days’ weather. 

The executive department of the office remains in 
the hands of Mr. R. H. Scott, F.R.S., the secretary 
to the Council, assisted by Captain H. Toynbee, 
F.R.A.S., as marine superintendent. 

The report is arranged under three headings, viz., 
ocean meteorology, weather telegraphy, and land 
meteorology of the British Isles. ith regard to 
ocean meteorology the office continues to receive 
*‘ logs” from numerous observers, usually the com- 
manding officers of both the royal and mercantile 
shipping, and during the year some dozen addi- 
tional names have been added to the list. These 
‘**logs” consist of daily and hourly observations 
taken during the voyage of ships, and apply to all 
parts of the globe. When completed they are sent 
to the head office, and there tabulated, checked, and 
dissected for discussion and consideration as to the 
laws which may be based upon them. Out of 155 
such logs, the number obtaining the standard of 
‘* excellent” ascribed to those found to be unusually 
correct and affording the fullest information re- 
quired by the office was 95, or 61 per cent. of the 
whole. 

Although the information obtained by means of 
those hitherto contributing logs has extended over 
a large area of water, it is felt that the observations 
relate mainly to certain definite routes, and that 
many parts of the sea are still almost unrepresented. 
The question is one which so largely interests mer- 
cantile interests, that it is to be hoped owners of 
ships trading over routes which do not form a re- 

ar line for fleets of vessels, will cause meteoro- 
logical logs to be kept by their officers along with 
that applying to the ship. There is no interest which 
it affects to so great an extent as theirs, and although 
all will participate in its advantages none will more 
so than themselves. The apparatus is not difficult of 
management, and consists merely of a barometer, 
thermometer with screen, and a hydrometer. Books 
in which to record the observations, with full in- 
structions, are supplied along with the instru- 
ments from the office. All that is required is a 
certain adjustment of the instruments, and the re- 
cording of the observations, or readings of their in- 
dications, at stated intervals. Should the records 
be erroneous no harm will be done, for the errors 
will be readily detected by the office and the ob- 
server set right for the future. 

Observations on surface temperature have for 
some time been collected from certain stations on 
the coasts of England and Ireland. At the sugges- 
tion of the Hydrographer it has now been resolved to 
extend the area of these operations so as to embrace 
the whole of the shores of the United Kingdom. 
The Trinity House and the Board of Irish Lights 
have intimated their readiness to supply returns 
from an additional number of lightships, whilst the 
coastguard establishments will also render aid where 
their co-operation is desirable. 

Respecting weather telegraphy we learn that com- 
munication with all established stations has been 
maintained without serious interruption during the 
year. The information obtained from Mullahmore, 
on the coast of Sligo, in the north-west of Ireland, 
situated as it isin a well-ex position on the 
Atlantic coast, has been so evident as =F ag the 
discontinuance of observations at Moville (Green- 
castle), that station being so sheltered that it scarcely 
feels a south-west wind. A similar change has been 
effected on the south coast of England—Plymouth 
having been oo rerallia by Sree Kineehcidee. 
Shipping Gazette si ing post near Kingsbridge. 
Efforts are being made to End a resident 
in a suitably exposed locality on the north coast of 
Devon, It is in contemplation to abandon the sta- 
tion at Thurso, which is distant only twenty miles 
from Wick, whence reports are regularly received. 
On the east coast it is proposed to shortly supersede 
Scarborough by a station at Spurn Head. This 
station possess a much more open exposure for 
temperature and wind than does rough, and 
will, at the same time divide the distance between 
Yarmouth and the Tyne. 

The stations furnished with signals for storm 
warnings at the end of March, 1879, were 129 in 
number, disposed as follows: 66 in England, 13 in 
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Wales, 31 in Scotland, 13 in Ireland, 3 in the Isle 
of Man, and 3 in the Channel Islands. A compari- 
son between the warnings issued by the office and 
the actual weather experienced at the time the 
warnings were issued for, affords the followin 
result: The total number of warnings issu 
amounted to 485. Of these 56.7 per cent. proved 
to be justified by subsequent gales, and 20.8 by sub- 
sequent strong winds; 17.9 warnings were not 
justified by subsequent weather, and 4.5 were issued 

te, that is, the gale had reached certain stations 
before the receipt of the warning. 

Compared with the warnings issued during the 

receding eight years, the percentage of warnings 
justified presents no very material difference, The 
number of warnings for the two past years is, how- 
ever, largely in excess of those issued prior to these 
tiods. Thus we find that for the year dealt with 
in the report the number is 485, for the preceding 
year it was 475, but for the two years preceding 
that the numbers stood 265 and 248. 

The issue of the weather forecasts which we now 
obtain daily through the press and other channels 
was commenced in April last, for, although the 
office had for some years previously been engaged 
in drawing these forecasts in precisely the same 
manner as at present, the Council preferred waiting 
and building up experience upon the data collected 
then, as now, daily, before publishing such deduc- 
tions. These forecasts are now drawn three times a 
day, viz., at 11 a.M., 4 P.M., and 8 p.m. The fore- 
casts for 1] A.M. and 4 P.M. are supplied at a low 
rate of subscription to the public and the press; 
those at 8 p.M. being entirely based upon information 
obtained at the cost of the Zimes, are only supplied 
to newspapers willing to share equally with that 
journal the cost of obtaining the information ; and, 
so far, we believe, this is confined to the Standard 
and Daily News. 

In addition to the regular issue of forecasts, the 
office now answers, by telegraph, inquiries as to 
probable weather for, not more, than one day in 
advance. 

The co-operation of the office with Captain 
Hoffmeyer in his issue of synoptic charts for 1875 
and 1876 has been continued; as also with the 
system of synchronous observations at Oh. 43 m. 
P.M. Greenwich time, which was organised in 1873 
by the Chief Signal Office at Washington. The list 
of observers who have supplied observations at this 
hour during the year comprise the names of thirty- 
eight observers resident in the United Kingdom, 
while most valuable information continues to be 
supplied by the Army Medical Department and b 
colonial observers at extra-European stations, whic 
serve to extend the network of observations over the 
entire globe. 

The seven self-recording observatories for the 
land meteorology of the British Isles, viz., Aberdeen, 
Glasgow, Armagh, Valencia, Stoneyhurst, Falmouth, 
and Kew, have been maintained in regular action 
during the year, 

In order to obtain a daily record of the duration 
of sunshine, a method employed at Kew Observa- 
tory, as well as at Greenwich, and a few other 
places, by means of a spherical lens, which burns a 
mark or hole in a slip of millboard placed at the 
proper focal distance, when under the influence of 
the sun, is to be employed. Inasmuch as a cloud is 
a local phenomenon, it is important that records of 
sunshine should be kept in many different places, 
and the Council have accordingly ordered 20 four- 
inch glass spheres to be used as sunshine recorders. 

Under the preceding report the Council contem- 
plated the organisation of a series of photographic 
observations of the height of clouds and of the 
direction and velocity of their motion, After some 
— experiments tending to show the feasi- 

ility of the method proposed, the Council have 
placed this important research in the hands of Cap- 
tain W. de W. Abney, R.E., F.R.S., from whom 
they have received a preliminary report with refer- 
ence to the construction of certain apparatus which 
1s now in progress, 

In addition to the information derived from the 
seven observatories already mentioned, continuous 
records of the wind are received from : 


: Supplied by 
Alnwick Castle... «. Duke of Northumberland, K.G. 
Holyhead oe . The Meteorological Office. 
Orkney .. . = “3 
Seaham .. oe? > . 
Yarmouth . The Meteo ical Office. 


All of these stations are provided with anemographs, 
similar to those erected at the self-recordiog obser- 








vatories. The erection of instruments of a simpler 
form at certain other coast stations is in contempla- 
tion. Arrangements are already in an advanced 
stage for the erection, in the Scilly (Isles, of a self- 
recording instrument, in order to obtain a more 
complete record of the force and direction of the 
wind over the British Isles, 

The office has received during the year a valuable 
contribution to its records of British climatology, in 
the shape of the complete series of observations made 
for twenty-four years at the Ordnance Survey 
Office, Southampton, under the direction of the late 
Sir H. James and his successors. The office now 
possesses a small library containing the standard 
works on meteorology and the allied sciences, 
numbering some 3000 volumes, and nearly the same 
number of pamphlets, exclusive of charts and manu- 
script records of observations, the whole of which 
are accessible to scientific men, subject to the usual 
necessary restrictions. 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 

RESUMING our notice of the recent meeting of the 
Institution of Naval Architects (see page 268 — 
we have now to deal with the two papers on steel, 
read on the morning of the 19th ult., and which led 
to an important and animated discussion, The first 
was by Mr. W. Denny “ On Steel in the Shipbuild- 
ing Yard.” The second was by Mr. H. H. West 
‘* On Steel for Shipbuilding.” 

Mr. Denny, in his paper, stated that the expe- 
rience of his firm (by far the largest users of steel 
for shipbuilding in the country) was entirely fa- 
vourable to the use of steel as a constructive mate- 
rial, far surpassing iron in its strength, ductility, 
uniformity, and the certainty with which it can be 
manipulated by the workmen. Mr, Denny has 
used upwards of 6000 tons of mild steel, and hence 
he is entitled to speak with weight and authority. 
Many points of- interest arose in his paper, to which 
we shall have occasion to refer on a future occasion, 
but we may here mention that the points round 
which the discussion turned were, whether it would 
not be desirable to raise somewhat the limits of 
tensile strength now imposed upon mild steel, and 
whether the testing of steel should not be carried 
out at the manufacturer’s works rather than at the 
shipyards where 7m pe now require it to be done. 
Mr. West also dealt with the limits of tensile 
strength, and advocated its being raised. He was 
in fact in favour of never the upper limit alto- 
gether, provided the material was capable of fulfil- 
ling what is sufficiently well known as the “ temper 
test.” 

The discussion was = by Mr. Bramwell, 
who thought that it might be a prudent course in 
the outset of a new manufacture on a large scale 
to have a maximum as well as a minimum test, but 
to persevere in maintaining a maximum standard 
of strength was unwise, provided the stronger ma- 
terial possessed the necessary ductility. 

Dr. Siemens differed in some respects from the 
observations which had been made as to the question 
of maximum strength, although he agreed with Mr. 
Bramwell in principle. He said if you take a bar 
of hard steel that will stand 50 tons to the inch, it 
will, at the time of breaking, perhaps have 
elongated 6 or 7 cent. ; but take a material of 
30 tons to the inch, and it will have elongated 
20 per cent. He denied that the last material broke 
with a tensile strain of 30 tons to the inch, because 
before fracture the area had been considerably re- 


duced, and the strain on it was no longer 30 tons, | #gain, 


but 36 tons to the inch, and he claimed for the mild 
material this advance of strength. Again, take two 
bars, one 50 tons to the inch and the other 30 tons, 
and weight them exactly alike, and, urged Dr. 
Siemens, the stretch of each will be alike up to a 
strain of 15 tons per square inch, from which point 
they will both come back to the original length. Go 
to 20 tons and you will finda difference. Up to the 
point of 15 tons to the inch the two materials are 
precisely alike, and if the naval constructor takes 
care that no portion of his ship, taking it as a girder, 
should receive a ter strain than 15 tons, both 
materials are equal to bear the strain, and they will 
both deflect to precisely the same extent. Again, 
when the strains are heavier than this, as in the case 
of a vessel bumping on a rock, the hard steel might 
fracture, whereas the mild steel will yield almost to 
any extent to sudden impact. Again, the mild steel 
aia not require annealing, whereas the harder steel 
would require annealing after bending and punching, 


and by this there is taken away some 20 per 
cent. of its ne ya Again, the soft material, if it 
becomes chilled after manufacture, does not lose its 
strength to resist blows, whereas with a hard ma- 
terial there would be concern for the safety of the 
structure. He considered that all plates should be 
tested at the works of the maker in the most careful 
oor rigorous manner possible, and not at their desti- 
on, 

Mr. B. Martell said he was about to rise before 
Dr. Siemens to make the same remark that he had 
made in reference to hard steel losing its strength in 
punching, shearing, and other manipulation. That 
was a point of great importance, and until some 
means could be obtained for obviating this great 
loss, amounting sometimes to 25 or 30 per cent., it 
would be unwise to extend the limits of tensile 
strength which the committee of Lloyd's r 
have po cet spa limits -_ enon at a a 
large num experiments m made, which 
all went to show the loss of strength to which Dr. 
Siemens had alluded, and it was found that those 
limits could not be well exceeded while preserving the 
qualities for shipbuilding purposes, With 
reference to Mr, Denny’s rather strong remarks 
respecting the testing at the works instead of in the 
shipbuilding yard, it must be borne in mind that 
Lloyd’s Committee in adopting the rule they did 
felt that at the time they had a very grave respon- 
sibility cast upon them in accepting this new and 
comparatively untried material for Ss 
purposes, And they felt themselves bound in fram- 
ing those rules to guard against taking in the eyes 
of the country, and of those who trusted valuable 
a ey to their care, an undue ens and 
such as they felt should be shared by the manufac- 
turers and shipbuilders themselves. He could say 
sincerely that they had always taken into considera- 
tion what facilities might be afforded in carrying on 
work, consistently with their responsibility to the 
shipowners and underwriters, and those who entrust 
their interest to them; and if it could be shown 
that they would not be assuming undue responsi- 
bilities, and that a material of uniform quality and 
perfectly reliable could be insured by the method 
of testing proposed, he felt sure it would receive 
the Committee's serious consideration. He felt 
equally sure they would weigh every remark that 
was made, and would not be obstructive, for they 
were guided by only one desire, viz., to facilitate the 
shipbuilder’s interest as much as that of every in- 
terest concerned, but it was a far too serious matter 
tw be considered in the interests of the shipbuilders 
alone. However, he could say that the subject was 
at ag receiving careful consideration. 

. Kirk staid he would commence with some 
observations on the question of testing referred to 
in the latter part of Mr. Denny’s paper. As a ship- 
builder he felt strongly on the point, and he thought 
every shipbuilder in the room, and the other gentle- 
men present who were interested in the subject, 
should contribute towards arriving at a true verdict 
on this important subject, Mr. Kirk gave a figur- 
ative description of the case to be tried, which 
stripped of metaphor amounted to this: that Lloyd’s 
encouraged and helped steel to come into use 
for shipbuilding, but that there had been signs © 
recently of their wishing to strangle the movement 
in favour of steel. He said that after waiting for 
weeks and weeks to get steel delivered, and when 
the progress of the work is carefully arranged, the 
various parts to be taken ? in succession, 
the plates arrive, and then they have to be tested by 
Lloyd’s, and if rejected they have to be sent bac 
in, perhaps to the middle of E: The steel 
maker, not having seen them tested, disputes the 
whole thing, and endless time is spent. is 
the carriage of the plates back, but this is smali 
compared with the delay, which is the chief thing 
The steel maker gets the steel back and he tests it 
and says it is allright, He probably gets a plate that 
appears right, and Lloyd's a plate that appears 
wrong. The other mode of testing was to do it at . 
the works, and this was done by the Liverpool 
underwriters, They had built two ships under the 
Liverpool underwriters and had two building now, 
one under the inspection of Government officers 
and one for Messrs. J. and A. Allen and Co., built 
under their own inspection, and in all these cases 
the plates were tested at the works. Every plate 
had a bending test applied to it which could be 
done with the greatest ease at the works, and they 
had not had a single plate or angle condemned for 
bad working after it came to the yard. He thought 





that should relieve any anxiety felt by their friends 
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at Lioyd’s. The question of expense had been 
mentioned, but they might be sure that although it 
fell at first on the shipbuilder, it would eventually 
fall on the shipowner. He said we had got on 
very well for many years without testing iron, 
and if steel were not tested at all it would be 
quite on all-fours with the best Yorkshire iron, of 
which he had seldom to reject less than 15 per cent., 
and sometimes double that amount, for giving way 
in the working. He did not advocate giving up 
tests, but thought the fact of the material being so 
tested and uniform, they might work with smaller 
factors of safety, as the large margin had been 
given considerately to cover the defects of iron. 
He agreed with almost every word in Mr. Denny's 

aper, but thought there was some doubt as to its 
baeg dangerous to work steel at a black heat. 
Referring to the pitting of a steel vessel in the 
irra’ y, he said: great care should be exercised 
in drawing conclusions, for often pitting arose from 
peculiarities in the water, and he instanced the case 
of a steel vessel built by Messrs. Laird for Dr. 
Livingstone that pitted rapidly in the Irrawaddy, 
and led to unfair comments, for, as a matter of fact, 
all iron vessels corroded rapidly in that river. Re- 
turning to testing, he said Lloyd’s had been very 
successful in testing boiler plates at the steel works, 
and as the strains are greater and the consequences 
of failure in a boiler are supposed to be more serious 
than in ships, surely ship plates could be tested at 
the works, His sympathies were entirely with the 
use of a stronger steel, but he thought there was a 
vein of sophistry runniog through Dr. Siemens’ 
argument. He referred to some of the earlier ships 
built of much harder steel and that had proved suc- 
cessful. He did not agree with the temper test, 
except perhaps as a temporary expedient in the 
present transitional state. If by using a stronger 
material greater reduction in sizes could be made, 
it might become worth while to embark in a con- 
siderable revolution in their tools and methods of 
working, and they might even face the contingency 
of drilling instead of punching in view of sucha 
reduction in weight. 

Dr. Siemens repeated his statement as to the com- 
parative behaviour of soft and hard steels at strains 
up to 15 tons per square inch, and said if you limit 
the strains to 15 tons per square inch, the ship 
built of mild steel will be precisely as rigid as a ship 
built of steel bearing 60 or 70 tons to theinch. Mr. 
Parker, of Lloyd’s, said as Mr. Kirk had alluded to 
some experiments he had recently been making with 
steel plates that failed in working, he might as 
well explain a little more fully the nature of the 
case, About a year ago they had heard a great deal 
about the mysterious cracking of steel plates and 
angles, but since that time although they had had 
an increasing use of steel in the construction of 
marine boilers—there having been no less than 160 
vessels fitted during the last twelve months with 
steel boilers—no further failures appeared to have 
been experienced in the severe manipulation to 
which steel boiler plates were subjected, until 
within the last few weeks, when a somewhat remark- 
able case occurred. About 3000 tons of steel plates 
were supplied by a Continental firm for shipbuilding 
and boilermaking purposes in this country; they 
stood all the mechanical tests required by Lloyd’s 
Register, the tensile strength of the specimens being, 
with one or two exceptions, well within the pre- 
scribed limits, and altogether they seemed to be 
splendid plates possessing all the qualities peculiar 
to the steel of English manufacture, When some 
of the plates were heated for the purpose of bein 
flan and worked into tubeplates, they crack 
and lamioated the whole length of the edges, and 
this under precisely the same treatment as had been 
successfully applied to English steel. The mechanical 
tests not offering any clue to the cause of these re- 
sults, he resorted tochemical analysis, which, however, 
showed the composition of the English steel of flang- 
ing quality to be practically the same as that of the 
unflangeable foreign material. He then tried test- 
ing specimens from each of the riaterials at various 
temperatures, but here again the results were sub- 
stantially alike and afforded no ground for com- 

rison. These tests simply corroborated the well- 

nown fact that the tenacity of steel is raised by 
increasing the temperature up to about 400 deg. or 
500 deg., and when you go beyond that, the tenacity 
begins to fall, The ductility of the specimens was 
reduced at the high temperatures at least 50 per 
cent. The results of all his tests were thus quite 
becide the mark so far as the immediate object of 
his inquiries went, and he made further inquiries of 


the makers of the steel, and the only explanation 
they could give was that being ignorant of the 
severe treatment marine boiler plates were sub- 
jected to, they had not had the plates rolled 1 
enough to admit of a sufficient in being cut off, 
and hence the edges being unsound, had laminated 
and frittered away as stated. A portion cut from 
the middle of a plate was found to flange perfectly. 
He was glad Mr. Denny had called attention to the 

uestion of rivetted joints in steel plates. It was 
their practice in iron boilers to have the sectional 
area of plates and rivets about equal, and this was 
probably the most satisfactory arrangement with a 
soraere { having tensile and shearing strengths of 
22 tons and 19 tons respectively ; but it was obvious 
the same proportions would not hold for a material 
whose tenacity was as 29 to 22 of shearing stress. 
He contended that in order to obtain the maxi- 
mum amount of strength in a steel joint it was 
necessary, in addition to drilling or rimering, or 
having the plates annealed after punching, to in- 
crease the area of the rivets in shear to 25 per cent. 
in excess of the area of the plates. In boiler-work 
this is generally effected by using larger rivets in 
double shear, but it was probable, as stated by Mr. 
Denny, that in ship-work they would have to em- 
ploy treble or even quadruple rivetting. 

As regards corrosion he recently had inspected 
the boilers of the fine steel steamers, Brighton and 
Victoria, belonging to the London and Brighton 
Railway Company. The shells of these boilers 
were of steel, the furnaces and combustion cham- 
bers of Yorkshire iron, and tubes of brass; the 
boilers had been in use about two years, and the 
practice was to renew the water in the boilers every 
three weeks. In vie w of these different materials one 
might have expected to find signs of galvanic action 
in the shape of excessive corrosion or pitting in one 
of the materials, but nothing of the kind was ob- 
served, and the boilers showed no more signs of 
corrosion than would be expected in an iron boiler 
of the same age. The vessels’ hulls also appeared 
perfectly free from corrosion. 

Sir John Alleyne spoke strongly of the incon- 
veniences which arise from the steel being tested at 
the shipyards instead of at the manufacturers’ works, 
and was glad to hear from Mr. Martell that this subject 
was under the reconsideration of Lloyd’s Committee, 
who, he felt sure, with the intelligence they bring to 
bear on such matters, would presently come to test- 
ing at the steel works like the Admiralty and other 
institutions. He thought it was a pity to keep the 
tensile strength so low, and that by doing so they lost 
some valuable properties of the material, especially 
in regard to its rigidity. 

Mr, John Corry, speaking as a member of the 
Committee of Lloyd’s Register, said they had heard 
a paper of very greatability from Mr. Denny, and he 
was not sorry to have heard it, although it was aimed 
a good deal at Lloyd's Committee. One of the most 
important facts brought out in Mr. Denny’s paper 
was that the rivetted joints in steel ships are not up 
to the tensile strength of the steel. He thought if 
we increased the strength of the steel there would 
be great practical difficulty in making the strength 
of the joints and butts equal to it. In the scale 
pre by Lloyd's for reduction from iron it was 
considered that 20 per cent. represented the diffe- 
rence as far as could be judged, and he thought 
they could fairly allow a minimum strength of 
27 tons, and still have a margin to cover the loss in 
working besides the reduction of 20 percent. He 
thought they should not be too particular about the 
upper limit of tensile strength provided they main- 
tained the ductility, for he thought that it might be 
possible to have plates up to 60 tons strength, and 
st ll .have an amount of ductility to which there 
would be no practical objection. He thought, how- 
ever, that it would be useless to seek for such 
strength until they could see their way to strengthen 
their butts and joints to an equal extent. Speaking 
of testing, he thought there could be no doubt that 
from a shipbuilder’s and manufacturer's point of 
view there would be an immense advantage in 
having the material delivered at the yard subject to 
no test except that which the ordinary process of 
working would subject it to, and he, as a member of 
Lloyd’s Committee, would be delighted if it could 
be done with the certainty of obtaining satisfactory 
results. The testing of steel and the correspondence 
relating to it involved an enormous amount of extra 
labour on the surveyors. If they could manufac- 
ture steel with such uniformity and certaioty, that 





like a Lowmoor —_ the testing could be dispensed 
with, that would be the state of perfection in which 





he would like to see it; but he had not heard any 
shipbuilder or manufacturer suggest that the ma- 
terial is at the present time of such a quality that tests 
can be dispensed with. ‘Ihe process of manufacture 
may appear simple and very perfect, but even in 
cooking you require a cook. He corroborated 
Mr. Martell’s statement that the subject was under 
careful consideration by Lloyd’s Committee, and 
would have their best attention, but said there were 
other views than those expressed at the meeting, 
but which he need scarcely refer to. 

Mr. Thornycroft thought it was very important 
that they should have stronger steel if it could be 
had without sacrificing ductility. From what he 
bad seen of accidental collisions with boats steel 
had behaved far better than iron would have done. 

Mr. J. Hamilton thought too much had been 
made of the difficulty of increasing the strength at 
the butts if they employed a material of higher 
strength. He could see nodifficulty in extending 
the butt straps over or behind the frames and get- 
ting a couple of extra rows of rivets, or it could be 
done by increasing the spacing of the frames. [le 
corroborated what had been said by Mr. Kirk about 
the satisfactory results which arose from testing at the 
steel works. ‘They had used between 3000 aud 4000 
tons of steel, all tested at the works, and with the 
exception of one or two plates which in their over- 
zeal to give good deliveries had been sent off with- 
out testing, they had had no trouble. ‘Those plates, 
however, did cause delay and expense, for they were 
examined at the yard and found to have some sur- 
face defects, and were sent back, and he counted 
the loss from this delay to amount to about 50/. a 
day. 

Mr. Riley said the discussion he had listened to 
reminded him of when he read his paper ‘** On Steel” 
before the Institution five years ago. The great 
demand which had arisen since that time had been 
the fruit of the great care exercised by steel manu- 
facturers in the production of the material. Knowing 
how that success had been achieved, he had con- 
siderable hesitation in giving way to the pressure in 
favour of a harder and stronger material. Ile 
thought any change from the present tests should be 
taken cautiously. They had got out of the period of 
‘*fear and trembling,” and were so certaia in the 
manufacture that he found no difficulty in sleeping 
comfortably in his bed. He did not wish to be 
obstructive, and would not shrink from meeting the 
demands, but he advised caution. He said the 
delays Mr. Denny had alluded to had arisen through 
the question of testing, and the great care exercised. 
He had no desire to dispense with testing or to 
reduce the severity of the tests. He thought the 
proposition made by Mr. Denny to have the frames 
and interior of ships of stronger steel, keeping the 
soft ductile plating, one worthy of consideration. 

Mr. Hamilton explained that he had really been 
paying a compliment when he alluded to the two 
plates only that had been sent in without being 
examined at the works, and which had been re- 


jected. 

Mr. H. Laird spoke in terms of high praise of the 
value of Mr. Denny's paper, and said the experience 
of his own firm in the use of steel had been equally 
satisfactory. ‘They built a number of steel vessels so 
far back as 1858, which have been doing good work. 
In those days they cut a piece off every plate and 


tested it. He approved of the system of testing at 
the steel maker's works. ‘They had always used steel 
rivets in steel ships, except for the Admiralty, and 
found them quite satisfactory. The few failures 
they had had in steel were attributed by the makers 
to improper heating, and they had never had a single 
failure where the material had been worked cold in 
the condition in which it was delivered. He thought 
the limit to which we should go in the strength of 
steel should be the highest point we could reach 
without incurring the necessity for annealing after 
punching. Their experience showed that when you 
require to anneal every plate it becomes very tedious 
and somewhat risky. On the question of corrosion, 
Mr. Laird quoted the Deerhound built of Bessemer 
steel in 1858. The plates were only ,j,in. thick, 
and a year or two ago she was safely at work, and 
in good order. The Isabella, built in 1876 for the 
Londor and North-Western Railway Company, has 
recently been scraped for examination, and showed 
less signs of corrosion than would have been ex- 
pected in an iron ship. Speaking of the advantage 
of this very superior material in ships’ bottoms, he 
referred to the case of the Stormcock, built of 
Siemens- Martin steel, which bum ve heavily 
on the end of a winch, or something of that kind, 
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when near a wreck on the coast of Ireland. An 
indentation was made in the bottom like a large 
dish-cover, about 16in. in diameter, and 7 in. or 
Sin. deep, but the leak was very slight, and the 
vessel was able to be taken into port. This con- 
firmed the experience of the Rotomahana, described 
by Mr. Denny. Mr. Laird said the opinion of all 
the experts who had seen that plate was that if it 
had been iron of even a aoe quality it would 
have had a hole punched right through it. 

After a few words from Mr. Thos. Adams on 
some experiments, the results of which are to be 
published, and on the relative properties of steel 
and Lowmoor iron, Mr. G. Duncan, a member of 
Lloyd’s Committee, said he was very much obliged 
to Mr. Adams for saying he does not find fault with 
Lloyd’s. All he had heard to-day showed that those 
who have to certify that a structure made up of a 
certain amount of material is fit to do certain work, 
require at least to exercise as much care as they can 
in ascertaining the quality of the material of which 
that structure is composed. That is all that Lloyd's 
desire to do. Lloyd’s as a body were very desirous 
to do everything in their power to further and assist 
in the construction of a mercantile marine of the 
best description, and made of the best material, 
and got up at the least jossible expense. They 
were not prepared to stand in any respect in the 
way of improvements that can be made in any 
direction, but when a gentleman present had told 
them that two plates which were not tested cost 
them 50/. a day, it appeared to him that it was 
a very strong argument that the testing should 
not certainly be less than at the present time. 
He thought they were in a transitory state just 
now; steel would no donbt improve and con- 
tinue to improve, but it was quite clear it had not 
yet got to that state when it could be made so 
entirely homogeneous as to be perfectly depended 
upon, so that every plate would be the same. He 
thought the responsibility for making good steel 
should lie upon the maker, and that he should run 
the risk of the steel passing the ordinary tests at 
the shipyards before going into the ship. It 
appeared to him that if Lloyd’s were to take away 
at present that responsibility, and were to say to 
people who are making steel in large quantities, 
working night and day, that we would put the 
stamp on the plate, and the maker would have 
nothing more to do with it, good or bad, the con- 
sequences would be very serious and disastrous. He 
was quite prepared to say that Lloyd’s were consider. 
ing everything that is being put before them, and 
he was sure the moment that Lloyd’s were satisfied 
that they could safely take off any of the checks 
that they have at this time, they would be very 
ready to do so, 

Mr, J. Inglis said he thought Mr. Denny should 
feel gratified that so many eminent men agreed with 
his opinion that the testing should be done as he 
suggested instead of as carried out by Lloyd’s. Mr. 
Martell had spoken of responsibility, but he never 
understood it was the object of Lloyd’s to avoid 
responsibility, and they could not do it because they 
surveyed the ships, and the material and workman- 
ship put into them. Although they did this, how- 
ever, they did not relieve the shipowner from re- 
sponsibility. He did not wish to dispense with the 
testing of steel, as he wished to insure it being of 
good quality, it was the locality at which the tests 
were made they wanted changed; and he hoped 
some one would yet give them a good reason why 
Lloyd’s should adhere to their present system, 
which only tests about 2 per cent. of the material, 
and why the system advocated by the writer of the 
paper should be rejected. 

After a few remarks from Mr, J. E. Scott depre- 
catory of so much testing, Mr. Denny was called 
upon to reply. He said he would be very brief, 
and one reason for his brevity was that Lloyd’s had 
made no defence whatever, ‘They had not advanced 
one single reason to show that the superior testing 
which had been done at the works should not be 
accepted instead of the inferior testing which is 
done at present ; and they had not found one single 
element of outside support. He felt that the meet- 
ing had gone with him, and the gentlemen who had 
taken part in the discussion had gone with him. He 
had great respect for both Mr.Corryand Mr. Duncan, 
but he thought they should try to explain why it 
is that Lloyd's blow hot and blow cold, why they 
have testing at the works for boilers and in the 
yards for ships. That would be some advantage to 
them in considering the objections which he put 
forward. In reference to what Dr, Siemens said, he 





explained that he did not recommend that an- 
nealing should be abolished, but that rimering 
should be adopted in some parts instead. He 
thought if the limits of tensile strength were 
no indication of the rigidity of the material they 
might almost as well return to iron, and such a 
theory would do away with one of the strongest 
arguments in favour of the use of steel. He did not 
agree with Mr. Scott in wishing to reduce the 
rigidity of the tests. He was for having it thoroughly 
tested. He did not mention Mr, Riley’s name in 
the matter of deliveries, but he had put the cap on. 
He thought the delays sometimes arose not so much 
from the extra care, Mr. Riley’s staff was too well 
organised for that, but from his having taken 
perhaps rather more work than he could turn out in 
the given time. 

Mr. West thought Dr. Siemens’ remarks on the 
elongation of 30-ton and 50-ton steel amounted to 
saying that a factor of safety of 2 was as good as 
one of 3. They could not get much reduction of 
scantling with 26-ton steel, but they could when 
they got beyond 30 tons, 

The President, Lord Hampton, in conclusion, s.id 
they had had a very interesting morning’s work, and 
had been discussing two very important subjects, 
the cellular construction of ships, and the use of 
steel for shipbuilding, and he thought it afforded a 

ractical illustration of the value of the Institution. 

e said he could not refrain from expressing the 
satisfaction with which he had heard reply of 
Mr, Martell to what egy to him to be the very 
natural observations of Mr. Denny with regard to 
the present system of testing in the yards, Mr. 
Martell met that complaint in a spirit he thought 
highly creditable to Lloyd’s, and he expressed the 
hope that Lloyd’s will act in that epirit, and that so 
far as there is any grouud of complaint it would be 
removed. 

Mr, E. Bertin’s paper ‘‘ On the Relation between 
the True Period of Waves and the Period as ob. 
served on board a Vessel” was then taken as read, 
and this concluded the morning sitting. 

The evening meeting was commenced with Mr. 
Macfarlane Gray’s paper entitled “ A Simplification 
of the Thermodynamics of Steam.” 

This paper, which was a very original and re- 
markable one, had the demerit of being too long to 
admit of its being read within the limits of time 
prescribed by the rules of the Institution; and the 
author, when interrupted by the President on 
the score of time, proceeded to give an extract of the 
remaining portion of the paper. This, owing to the 
abstruse character of the subject, which has taxed 
the highest faculties of such men as Rankine, Clerk- 
Maxwell, and Sir W. Thomson, was found to be 
extremely difficult, Indeed, the paper will require 
to be read with great care by any one desirous of 
fully realising the author’s views. Mr. Gray stated 
that it was a subject which has occupied his study 
for years, and we need not say that the author is 
far too gifted a man to have spent years upon a 
subject without throwing considerable new light 
upon it. 

The President made some appreciative remarks 
upon the kindness and courtesy with which Mr. 
MacFarlane Gray had endeavoured to compress his 
remarks within the limits of time, and Mr. Scott 
Russell expressed his opinion that the vastness of 
the subject, and its extreme subtlety rendered it im- 
possible to discuss the subject without a careful 
study of the paper. 

Mr. Gray, in reply, expressed the hope that the 
paper would receive some attention from those able 
to discuss it. His object had. been to make it so 
clear that an intelligent working man could follow 
and grasp his arguments, 

The President again thanked Mr. Gray for the 
ability and research he had applied to this subject. 

The next paper read was by Mr. J. F. Flannery 
‘‘On some Recent Experiments in Artificial Com- 
bustion.” We shall publish this paper in ertenso in 
an early number. t 

Mr. J. Wright, of the Admiralty, opened the dis- 
cussion, and thought Mr. Flannery had been rather 
too sanguine in his anticipations as to results that 
will be obtained. He did not think the experiments 
had been made on quite a correct basis, and that by 
having one furnace blocked up while the other fur- 
nace was in use he had very nearly twice the usual 
proportions of heating surface to grate surface, which 
would be more favourable to the forced blast than 
to the natural draught. He said every one must be 


aware that to be able to use smokeless coal in the 
Navy would be of great advantage, and experiments 





are being made from time to time to see how far 
anthracite could be utilised. 

Mr. Perkias gave some particulars to show that 
the power of anthracite coal is very great when 


suitably used, but the difficulty was to promote 
rapid combustion, and that could only be done by 


increasing the draught. He alluded to means that 
are adopted for obtaining this object at the smelting 
works in Wales, where anthracite is used by taking 
the gases from the mouths of the furnaces as much 
as 100 yards away so as to economise fuel under 
the boilers, the atmosphere supplying the oxygen. 
He had seen anthracite under certain conditions of 
blast quite equal to the best Welsh coal. 

Admiral Selwyn recommended every one to study 
Professor Rankine's admirable papers on combus- 
tion, when they would know the exact amount of 
oxygen necessary ; they would learn that we are far 
behind in England what has been done in America 
with anthracite, 

Mr. Schénheyder thought the paper was of value 
in showing that anthracite can be burnt without 
deteriorating the furnace bara, but beyond that 
there was nothing shown by it. 

Mr, Flannery, in reply, said he was glad to find 
the worst con tion Mr. Wright had been able 
to pass on his age was that he had been rather 
too sanguine, He then proceeded to reply to the 
different points raised, and thanked the meeting for 
the patience with which they had listened to his 
paper. 

he next paper was a very brief one by Mr. Mer- 
rifield, ‘‘On J. Amsler Laffon’s Mechanical Inte- 
a. which elicited a few remarks from Mr, 

.H. White, Mr. Scott Russell, Mr. MacFarlane 
Gray, and Mr. Merrifield ; and this terminated the 
official business of the session. 

As this was the last occasion on which Lord 
Hampton would ocenpy the chair as President, the 
occasion was taken to — him with a beautifully 
prepared address, and after the usual votes of 
thanks, the meetings, which were extremely suc- 
cessful and valuable, came to an end, 


NOTES FROM SOUTH YORKSHIRE, 
- SHEFFIELD, Wednesday. 

Composite Plates.—The armour-plate trade is not at all 
brisk. The introduction of composite en has, to some 
extext, interrupted business, but it is hoped the question 
of how to weld steel with iron in uantities will yet be 
successfully solved. The great di ty is in the bending 
of these new plates, so many fractures at times occurring. 
Even after the plates are cool some of them give off reports 
like cannon, and then it is known that the iron has parted 
from the steel facing. Up to the present time, however, 
Sheffield makers have met with much success, and as ex- 
pemoees is gained in this new branch of mannufacture, it is 
lieved greater success will follow. 


Improvement in the Engineering Trades.—We hear 
that during this week large orders have come to Sheffield for 
tyres, axles, and heavy machinery for the iron works, The 
mechanics, as a rule, are a. employed, but there is, as 
yet, no great pressure of work, nor is there likely to be, 
until the present political agitation has passed. There are, 
however, encouraging signs of a revival, but during the 
ed week or two things have been dull. Next week 

essrs. John Brown and will Co. put their armour-plate 
hands on at full time. 

The Elections and Trade.—To ‘‘ party’? has been at- 
tributed bad trade, but the e@ movement of the 
pe font . ht must be attributed to the general election. 
steel 





in this market nearly 1s. per ton, Bessemer 
has receded in value fully 20s. per ton, and the — 
manufacturers report that they cannot get orders 
although it is known there oreign 
account, in the hands of Li » Manchester, and Lon- 
don buyers. After this political interruption it is thought 
business will revive. Cast steels are unaltered in value. 
The Rail Trade.—It has latterly been reported that the 
rail trade was falling off. e are enabled to state 
that one of the firms in Sheffield will recommence 
operations in their rail mills, which for five st have 
been standing idle. The demand is puindigadiey oak me and 
American account, and home railway com are 
anxious to effect contracts, beli prices advance 
beyond the 91. 5s. per ton now c for ordinary sections. 


are heavy ones, on 





SUBMARINE CABLES.—Mr. W. T. Henley is making a 
short le three-conductor tel: ih cable for the 
Montreal Telegraph Company, the conductors to be in- 
sulated by Sone. 8, peters ozokereted process which we 
alluded to in our “On the Insulation of Subter- 
ranean and Submarine Felegmep Wires,” in our issue of 
February 20th. On the inst. the 1873 Atlantic cable 
broke down, and the fault bas been located at 36 miles from 
Treland, in 80 fathoms. It is su: that a French steam 
trawler has done the mischief. The s.s. Scotia, belonging 
to the Telegraph Construction Company, with a s ot 

i and electrici company, has been 


engineers ectricians of tha 
engaged to execute the sapere, and the expedition will 





start on Saturday, the 1 In the mean time Mr. J, C. 
Laws, electrician to the T Construction Company, 
has gone to Valentia to more ly: 
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THE ae OF MERCHANT 
On Cellular Construction of Merchant Ships.* 
By W. Joux, Member of Council. 


Mawr of those who have been at all intimately associated 
marine, and have given attention to its 


material. 

Mr. Martell has well illustrated the first of these tendencies, 
and has pointed out some of the dangers that may imper- 
ceptibly creep in, even when the progress is ual and 
constant. 


followed up, and unti! quite recently there had been no sign 
of its active revival. : 

At the time Mr. Martell read his paper on “ Water-Ballast 
Steamers,” before the autumn meetings of this Institution in 
Glasgow, there bad been only two or three small steamers 
built (since Mr. Seott 's early ones) on the longitudinal 
principle. Now, it is within the mark to say there are 100 
on the longitudi iple, or what is perhaps better de- 
satel’ ap tho coaler ayetom, amounting probably to up- 
Sees San oe & is or slate - 
probability that a very ears will see majori 
Tr iiced cheamuine emmtonstel tn ingnennen. 4 

I have marked the date of our Glasgow mee as one 
having an im: t influence on this change, an the con- 
i i this way. In describing the different modes 
of constructing water-ballast tanks, Mr. Martell = 
culars of the construction of a little vessel in w he, 
together with my colleague, Mr. Cornish, and myself, were 





much interested, t of floors and brackets 
was made in our office as am aluernative to a proposal of the 
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In re to the other tendency, in structural arrange- 
ments, it follows almost inevitably that periods of apparent 


stagnation have to give way to periods of change, more or 
less violent, and at er daca Uahoves all who are interested 
to watch narrowly the principles involved, as well as their 
eye application, in order to lessen, so far as practicable, 
risk of error. The present is uestionably a period of 
great in mercantile shipbuilding, and 1 propose to 
review briefly the nature of the transition now going on, and 
steps which have led up to it. 
It is well known that Mr. Scott Russell, many years ago, 
advocated the longitudinal principle of construction, and that 
—- ee successfully to many ships of the mercantile 
notably to the Great Eastern and the Annette, the 


F 


for the most part have not been complimentary to the 
intelligence of mercantile shipbuilders. Sometimes it was 
attributed to the obstruction of Lioyd’s; but this was clearly 
insufficient, for the Annett» herself wag built under special 
su , and received the highest class then awarded, viz., 
12 Al, and several other er gina bee ships which 


preceded her were also classed in Lloy«.’s 











Russell and Mr. Brunel. She stands apart as a wonder in 
naval construction, which I do not in this paper to 
discuss. We in this Institution know the longitudinal system 
iefly as it was advocated by Mr. Scott Russell for all ships, 
small and large, and I might almost say it was a longitudinal 
system pure and simple. At least it was a system thorough 
and complete in itself, which abolished transverse frames 
entirely, but did not lect the transverse strength of the 
ship any more than it did the longitudinal strength. The 
transverse strength was maintained by transverse 
bulkheads and partial bulkheads, which gave rigid bearings 
to the longitudinal girders, and these latter transmitted the 
rigidity so obtained to the other parts of the vessel. The 
itudinals also gr ye Ad soy for nod tena, 
w together with the i contributed to the 
longitudinal a of ins wom. 
is system in Great Eastern was associated with an 
inner skin or double bottom, as is well known, extending up 
to the lower deck. 





In the Annette there was only a single bottom, but there 
are many points of extreme interest in her construction 








Fig. 5. 


builders to achieve the same object by a different distribution 
of material. This was the Fenton, built by Messrs. Austin 
and Hunter, at Sunderland, in 1876. This is shown in 


Fig. 5. 
t attracted the attention of many, and 


heir e arrangemen t 
especially that of some of the Clyde shipbuilders, who almost 
i ct te nity it 


immediatel to suit the re- 


ly to ado 
this quirements of diferent adios. It isthe farthest from my 


wish to draw distinctions between different builders, but there 
is no doubt that Messrs. Austin and Hunter have the credit 
of first applying the bracket system in the mercantile marine, 
and that great impetus was given to the movement in 
oe Se by the zeal with which it was taken u 
by Messrs. W. y and Brothers, of Dumbarton. Indeed, 
80 largely did they apply it to ships of all sizes, and so 
strongly 


was it urged by Mr. W. Denny, that the system is | and 


associated to a great extent, and rightly so, with name 
of that firm. Again, Messrs. Denny raised the important 
issue with the Board of Trade as to the tonnage measurement, 

got the latter taken to the ~. < the double bottom, 
as the heig imagi 


doing so it may not be uninteresting to examine the con- 
nexion between the t movemert in the mercantile 
marine, and that of The Great Eastern is of 
course the greatest at the ee meat 
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which it may be well to recur to, and I have therefore shown 
on Fig. 1 the arrangement of her framing. An interesting 
sketch of this in perspective will be found in vol. iii., to 
illustrate Mr. Scott Russell's valuable paper before alluded to. 
In that vessel it may be remarked that there was no ceiling 
whatever, cargo being stowed right down on the skin of the 
ship, and the tonnage measurements were also taken down to 
within a few inches of the bottom. R 
e registered dimensions of the vessel were 201 ft. 7 in. 
by 30ft. by 16 ft. 6 in. depth of hold, and she measured 
741 tons, There were six water-tight bulkheads, well stiffened 
by angle irons, and there were ten partial bulkheads 13 ft. 
apart. The longitudinal girders were continuous and about 
4 ft. apart, with single angles on their outer and inner edges 
18in. by 48; in. in Bottom and 14in. by y% in. in top sides, 
they were connected to the transverse girders, or partial 
bulkheads by diamond plates, as shown on the sketch. $ 
I may mention that the arrangements, as you see them in 
the Annette, were not arrived at suddenly, but were the re- 
sult of improvements made from ship to ship upon former 


floor. | vessels by the same builder. I will, for instance, mention 


one point which will be of interest to many at the present 
time. The diamond plates which are shown on the Annette's 


framing, and which are now finding their way into frequent 
use, were originally transverse covering straps extending on 
the inner edge of the web frame from deck beam down to 


the keelson plate. Those plates of course fulfilled the same 
purpose as the diamond plates, but they did more, for the 
reinforced the strong places weak ones, whic 
was a waste of material, and moreover left the inequality of 
oe oe great as before. I was examining recently 
the of some of the earlier longitudinally built ships, and 
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was interested in noticing the steps by which the system em- 
bodied in the Annette, and a very perfect one it is of its 
kind, had grown up. 

I must not omit to mention that the Annette was fitted 
with an iron deck, which was a by no means unimportant 
a of Mr. Scott Russell’s system, and although rare in those 

ys, it is a feature which greatly extended in hant 


tical objections which I have alluded to. I have said 
nothing as to the cost or difficulties of construction, or the 
objection of builders to change from the old methods to new 
ones, although they were also elements antagonistic to the 
——— system ; ~¥ think their am 
considerably exaggera most 

d d to connt for pA obstinacy 





steamers of later date. 
I must now point out what, in my opinion, are the objec- 
tions to the Annette type of construction that prevented its 


finding favour, and extending into general 
To the first place, the system requires a larger number of 
transverse bulkheads than is usually fitted, this would be 


a serious disadvantage in most trades. In the next place, 
there is a want of facilities for working ceiling, and without 
close ceiling in the bottom, and ceiling, or battens, above the 
bilges to keep the cargo free from damage by sweat and 
bilge water, iron vessels have not, and are not Tikely to find 
favour with either shipowners, merchants, or underwriters. 
Again, the stowage would be greatly interfered with by the 
deep girders, extending as they did so far within the space 
measured for tonnage, thus rendering the cargo capacity 





marine in refusing to avail itself of the supposed advantages 
of the longitudinal er 

I must now leave for a moment the mercantile marine, and 
lance at the Royal Navy, because the longitudinal system 
or s may be almost said to have mi to 
the Admiralty at the commencement of ironclad shipbuilding. 

Inthe Warrior and Black Prince a combination of the longi- 
tudinal and transverse systems of construction was adopted 
which has often been ibed. There were five longi- 
tudinals on each side below the armour shelf with solid 
transverse floors worked intercostally between them, and 
inside of these heavy transverse framing which extended 
up behind the skin plating, the armour, and backing. 
The Warrior class also two iron decks. se vessels 
were 380 ft. long, and required considerable longitudinal 
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is transverse, and is dictated by the necessity for carrying 
armour, and has little in common with ordinary mercantile 
we oye 8 

inner bottom is worked flush, with single-rivetted 
edge strips below in short len between the continuous 
reverse frames. And another worth notice is, that the 
longitudinals are all placed = to the outer bottom, and 
continue to stand equare to the body of the vessel as its form 
changes forward aft, and following the lines of the 
ing, so that they have considerable twist and curvature, 
add to the a of construction. 

Modifications of this section have, of course, been resorted 
to in the Admiralty service, in the scantlings, and in the dis- 
tance apart and number of longitudinals, to meet the re- 
quirements of ships of different sizes and form; but the 
|r arrangement I have described was adhered to, and 

a8, I believe, existed almost, if not down, to the present 


time. 

The Indian troopships of the Serapis and Crocodile class 
were built on this system, and also the Iris and M: » in 
a somewhat modified form. The chief departures that I am 
aware of have been made by Mr. Reed, himself the designer 


Fig. 7. 





























































































































small compared with the registered tonnage; and beyond 
this, the comparatively large areas of ae skin- 
plating would render her more liable to local age from 
= ing, such as merchant ships have so often to endure. 

do not by this mean such grounding as is involved in 
striking a rock at high speed, or beating upon rocks in a 
storm, which would imperil any single bottom ship, but the 
sort of scrapes in harbours and rivers that merchant ships 
pe sary get into, and get out of, without damage, and 
without delay for repairs. 

These objections are to my mind sufficiently serious to 
account for its non-adoption in the absence of any strikin 
advantage in favour of the system. The advantage aja 
was of course the great increase in longitudinal strength, and 
it was set down in this particular ship, and has been repeated 
in text-books, as 25 per cent. above the strength of a vessel 
built on the ordinary system. 

The weak | wr in the argument was, however, the absence 
ofany proof that a merchant ship of the same size, built 
to So. eemany scantlings, was deficient in longitudinal 
strength. 

Iam not aware that any calculations had been made, until 
ome. later ate a the ne of these pen to ascer- 

a ly the apapy ging and sagging strains 
to which ships were liable in a seaway ; and the results of all 
the calculations I have seen have shown that in small vesse 
of this size the skin-plating keelsons and stringers alone afford 
abundant longitudinal strength without the aid of the longi- 
tudinal system. yong oo is was not at 
time, I cannot but think that the absence of proof to 
the contrary deprived the main t in favour of 
spplying the longitudinal vom fo ordinary steamers 
of most of its weight, and prevented it carrying con- 
viction to those who could fully sppreciate the prac- 





Is | 4 ft. amidships. The angles on the outer 
































strength, but it may be noted that their fine ends were 
not loaded with armour. next ironclad vessels of 
the Minotaur class were 400 ft. long, and were moreover 
ga apr from bow to stern, and required vay reat 
longitudinal strength, and it was in connexion wil rT) 
vessels I think that the importance of estimating approxi- 
mately the maximum strains at sea became evident. From 
this we come to the Bellerophon, Fig. 2, which marks an im- 
per step, for in her Admiralty longitudinal and 
racket system of construction was firstintroduced. This was 
also the first of the ironclads fitted with a complete double 
bottom. An account of her construction will be found in Mr. 
E. J. Reed’s valuable work on shipbuilding, and will be 
familiar to many in this room. Its merit in point of cheap- 
ness, lightness, and safety over the ing ironclads was 
unquestionable, and it has become almost stereotyped 
system of construction for the bottoms of ironclad ships a!l 
over the world. I will describe it briefly. 

The vertical middle-line keel-plate, as well as all the longi- 
tudinal girders, are continuous, and So yige are 
fitted every 4 ft. apart, with solid plates in lieu of brackets 

er to subdivide the double 


oe 30 ft., made water-tight in 
ttom. 

There are no oy og a od, ere —— 
lating is unsu for 6 of al in., an 
plating po paces alge of the longi- 
tudinal are continuous, transverse angles corresponding 
to our frames being in short pieces between the girders. On 
the other hand, the angles on the inner edge of the longi- 
tudinal gi are in short lengths, and the reverse frame is 

carried continuously through. : 

The double bottom extends up to the fourth longitudinal 
out from the keel to Bes baton of eee 
bulkhead, and above this the construction of the vessel’s 









of the Bellerophon, in his more recent designs, for ironclads 
for foreign governments built in this country, where the 
outside frames, instead of being in short lengths, were made 
continuous through the longitudinal girders. 

I will now point out what in my opinion are the principal 
reasons which prevented this system, introduced some fifteen 

ears ago, from extending itself to mercantile marine. 

n the first place, the difficulties of construction are great, 
and this renders the process of getting the vessel in frame 
very slow compared with ordinary system of transverce 
framing and floors. In the next place, the provision for local 
strength in the bottom has not been generally considered 
adequate to the requirements of the mercantile marine. I de 
not say it is insufficient for the purposes of the Royal Navy, 
as this is a matter on which the experience and authority of 
the Constructors of the Navy must be of far greater weight 
than any opinion I could offer ; but there can be no doubt as 
to the difference which exists between the conditions and re- 
quirements of the mercantile and royal navies in this 
respect. The number of ironclad ships in commission at aay 
time is very limited, and they ure commanded by picked offi- 
cers, who are extremely careful to keep them off the ground ; 
indeed, if they did not exercise this caution, they would be 
tried by court martial, and would sacrifice their professional 

itions. 

In the mercantile marine, however, where there are t] ov- 
sands of ships constantly making their way in and out o1 all 
sorts of harbours, and up and down crowded rivers, it is aot 
possible to insure the same scrupulous care in all the officers, 
nor to prevent numbers of these vessels from getting aground 
in one place or another week. 

In uence of this, a loge consensus of experience en 
questions of local damage is constantly being brought home 
to the minds and pockets of shipowners and underw. iters, 
which leads them to insist upon the vessels being made 
strong enough to bear ordinary songh seoae without incur- 
ring the necessity for repairs every they strike on a bar 
or touch the ground, or are left partially aground when they 
paadlcsay ey Mal ny nky Bre Meydopean Ay re It is no 
answer to them to say that ships are e to float, not to go 
ashore. They say they must do the work that usually falle 
to their share, and if they are not strong enough they ought 
to be made strong enough. 

Hence the great im which has always been at- 
tached to substantial floors closely spaced and well tied up, 
with strong middle line and other keelsons w: distribute 
the strain so brought on the bottom. 

Again, this bracket system naturally associates itself witk 
a double bottom, and would be an extremely im ar- 
ran t without an inner bottom, but a double has 
nei been considered nor found necessary in mercantile 
ships for purposes of safety, and the only vessels fitted with 
double bottoms for carrying water ballast were until recently 


of only moderate dimensions, and such as did not require to 
pays oiber longitudinal system for strength, and least of all 
ip the bottom. Even in the larger types of 





steamers, in many 
of which a deficiency of longitudinal strength did doubtless 
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time exist, the deficiency was in the top, not in the 
and their need was iron decks, not a more or less 
licated cellular construction in the lower part. Herein 
the fallacy which has for years run through the 
put forward on behalf of the longitudinal system, both 
tile and war ship construction. 

is nota doubt in my mind that the quastion of longi- 
inal strength has been as much magnified in relation to 
of war as it was formerly underrated in the mercanti 
and although fortunately neither bias—if I may call 
has led perhaps to much mischief, yet it is im- 
one should look the facts fully in the face to 
accurate bearings of the question. The existence 

gitudinal system of construction in our shorter 

ironclads indeed can scarcely, I think, be defended logical! 
on the usually put forward, viz., that it gives su 
great longitudinal strength; for when we find that the 
maximum strain in this direction in some of them is only 1 
or 2 tons to a Po ye ym rte sound deduction — 
such a the material placed in thi 
i Mee wasted i is placed there for some other 
than longitudinal strength. Of course in the top, 
to be added for purposes of armour protection, but 
it is equally clear that the longitudinals in the bottom would 
be better placed in any other direction if greater local 
strength could thereby obtained. The defence of the 
system should therefore be based on the ground that it affords 
greater local strength, if it is so, rather than on the merits 
usually proclaimed for the longitudinal system. 

I have been led so far in this direction because it is of the 
utmost importance at a time like the present, when cellular 
7 of construction are spreading so rapidly in ships of 


tint 
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all types and sizes, that we should not be led to over-rate 
any one particular feature of the change at the expense of 
others, It is well to note that it is not for its advantage in 


point of longitudinal strength that it is now being so largel 
adopted in merchantships, but becauseof its association wit 
water ballast. 

It is curious, indeed, to note that the change is working 
upwards from small vessels to large ones, instead of coming 
about as has been predicted by the enormous growth in the 
size of ships necessitating the adoption of the. longitudinal 

stem. 

"leas of our large coenraung steamers of 400 ft. and > 
wards are provided with ample longitudinal strength by the 
simple method of iron decks, skin plating, and keelsons, with- 
out involving any excessive weight of hull, and the largest 
ship building at the present time, viz., 550 ft. in length, for 
the Inman Line, is equally well provided in the same manner. 
It is only, then, where an inner Pottom is required, either for 
commercial purposes or for additional safety, that we ma 
look for the cellular system replacing the old established, 
simple, and well-tried mercantile transverse system of con- 
struction. 

When we look io water-ballast steamers, however, the 
as of affairs is quite changed. Mr. Martell, at the 
Glasgow meetings, doves a variety of systems of fitting 
these water-ballast tanks; and I need not go over the same 
ground, but I wish to remark that the custom had become 
almost universal to fit the tanks on the floors as shown on 
Fig. 3, but with varieties in the details, according to the 
practice of the different builders. In this way the tanks 
were practically an addition to the weight and cost of the 
ship, and, although they added appreciably to the strength 
of the bottom, = Ae not regarded as a necessary or in- 
tegral portion of the structure. 

Viewed in this way the system was not without its con- 
veniences, for, being an addition beyond the strength proper 
of the ship, it could be fitted for any portion of her length, or 
at any part deemed necessary for the purpose of ballasting 
and trimming the vessel. Asa consequence by some it was 
fitted all fore-and-aft, by others in the fore and after holds 
but not in the engine and boiler space. In many cases it 
was fitted through the after hold only, or there and under 
the engines and boilers. And it had the merit that these 
tanks, or any portion them, could be easily removed, as in 
some cases they have been when the circumstances or nature 
of the trade has rendered this course desirable. 

On the other hand, it could not fail to be seen that as a 
mechanical ent of material it was an unsatisfacto 
one, especially where the double bottom extended throug 
the fore and after holds, and not through the engine-room, 
for the effect was to leave the midship part of the ship, where 
the strains were test, weaker than the parts before and 
abaft it, and the break in the continuity thus set up is one 
of the worst features that can exist in ship construction. On 
the other hand, when this objection is removed by the double 
bottom being extended all fore-and-aft, it is obvious that 
more iron is used than necessary for the strength of the 





vessel. 
This fact has given rise to man: ls for embodying 
the tank arrangements more closely into the structure of the 


thip, but I am not aware that they were in many cases put 
i il quite recently. Mr. Reed, in his work on 
, men the steamer Sentinel, built many 
years ago by Messrs. Palmer of Jarrow, designed by Mr. 
Spencer, as having the longitudinal girders brought down on 
the outside plating, apparently without any transverse floor 
plates or brackets worked between them bat the system was 
rot repeated. Again, in more recent times, 1874, the two 
ecrew steamers Scio and Assyria were built near Genoa, by 
Messrs. Westerman, to rage a | the same idea. The section 
of the bottom of the Scio, of 1441 tons gross, is shown on 
Fig. 4. The floors are continuous in this case, and the side 
longitudinal is worked intercostally between them. 

e next come to the Fenton, of 784 tons gross, built b 
Messrs. Austin and Hunter, for Mr. W. Milnes, in 1876, 
which I have alluded to before. This is shown on Fig. 5. 
Hers, as in the Chilian i the frames extend through 
the longitudi instead of in short pieces between 

ity system, the reverse bars are 


short. The frames and reverse frames are 21 in. apart, while 
solid plate floors and bracket floors are fitted alternately at 





tile | and thus much 





every fourth frame, the longitudinals being further stiffened 
by vertical at ay alternate frame. The vessel 
was a comparatively small one, and the structural as well as 
the local strength was deemed to be sufficient, and the vessel 
has been, so far as I am aware, perfectly successful. 

When Mr. W. Denny took up pr 0, - av he at first 
nae Mr. Martell’s description of Fenton, but the 
vessels he applied it to being about 2000 tons gross register, 

and heavier than the Fenton, he intro- 

duced additional at frame to secure 

greater transverse and local h. This was a decided 

improvement, and was introduced in the Chilka and Chupra 

class, built for the British India Steam Navigation aw a 

in 1878. The same improvement was pro I believe, 

ee endently by Mr. J. Inglis, and 1 may say it had 

been di by us at Lloyd's Register as a desirable 

step. In this form it has been applied very largely, but 
with variations in detail, to which I will allude presently. 

In most of the vessels built since, bracket plates have been 
fitted to every alternate frame, with solid frames at the 
bulkheads, under the engines, at pump wells, and under 
thrust chocks, shaft bearers, &c. 

In large vessels it is considered advisable that in addition 
to the brackets solid intercostal floors should be spaced at 
regular intervals throughout the vessel, at distances accord- 
ing to the size of the ship and the depth of the double 
bottom. 

As a further modification of this system, many builders 
and especially on the North-east Coast, have adopted in lieu 
of brackets, solid floors fitted at alternate frames between the 
longitudinal girders and lightened by holes, as shown on 
Fig. 6. In other cases, again, the solid floors are continuous, 
from the middle line out to the edge of the tank, and the 
longitudinal girders are fitted intercostal between them. This 
latter, it is feared, would somewhat shock a pure disciple of 
the longitudinal system ; but the fact is, that what with the 
outer and inner Cottons, the keel, middle line and wing 
girders, there is abundance of longitudinal strength without 
aid from the other girders. Of course, this only applies to 
ships of moderate size, and would not be a proper system to en- 
courage in ships of a ae size. Time, experience, and rela- 
tive cost will, doubtless, determine which of these systems will 
ultimately prevail, or whether still further important modi- 
fications will be introduced. It has been suggested that 
where the longitudinal strength will admit of it, the longi- 
tudinals, as well as the transverse floors, should be formed of 
brackets, but it is advisable that experience should be gained 
with the vessels now built and building, before embarking 
further in that direction. 

Before proceeding to discuss the details, I may, perhaps, 
be permitted to revert to a point of difference between the 
mercantile and the Admiralty systems. 

I have mentioned that in the former the frames extend 
through the girders, thus facilitating the construction, 
whereas, in the latter, the frames are in short pieces, and 
it is the reverse frame which is continuous. If we think 
for a moment how an ironclad ship is loaded compared 
with a merchant ship, this might not appear to be without 
reason. An ironvlad has enormous weights of iron to carry 
on her sides, and heavy weights of armour and on the 
decks, which have to be transmitted through the sides and 
pillars, while the weights actually resting on the bottom 
are small compared with the upward buoyancy on it, so that 
the general tendency is for the bottom to come up and to 

ut the top in tension, except so far as the curvature of the 

ttom prevents it; whereas, in a merchant ship, where the 
cargo rests on the bottom instead of being suspended on 
the sides, there is a greater tendency to , Be. put the 
top in compression, and the outer frame and bottom in ten- 
sion. Ashore, of course, in both cases the top would be put 
in tension. 

In examining the system more in detail, it will be well 

rhaps to commence with the middle line. The most satis- 
actory arrangement at this part is in many respects a deep 
centre through plate, with side bar-keel and a flat plate on 
top, and this is the plan now generally adopted. ith this 
plan, the frame can be rove through, or a short piece can be 
rove through to scarph it without much injury to the vertical 
plate. It has always been considered in the mercantile 
marine to be of rr importance to have the vessel very 
rigid at the middle line, for it has to bear frequent heavy 
strains in docking and grounding, and if it had to depend for 
support upon its own movement bringing neighbouring parts 
into play, there would be likelihood of its starting the rivets 
and creating trouble. To make this middle line equal in 
strength as a girder to the ordinary system with bar-keel and 
plate keelson standing on the floors, it is found necessary to 
make the vertical plate i ly thicker than the other 
girders, with a wide plate of about equal thickness on top, 


and the butts should be double ri at least through t 
main body of the vessel, and in vessels it would be 
desirable to treble rivet the butts of the top plate. 


m.: middle line vertical centre-plate with Perea bene 
es a very unsatisfactory arrangement, because there is 
nothing > thtsch Wie lower cline of the verted’ plate t 
between the bracket frames, a space of 4 ft., and even if it be 
bracketted at the intermediate frames, its edge is still loose 
over 2 ft. spaces, creating an imperfect mechanical combina- 
tion at a part like the middle which needs exceptional 
rigidity. Next to the side-bar keel, the most suitable is the 
flat-plate keel, but there are points about it that are not free 
from objection. 

I have shown on Fig. 7 a plan of such arrangement, and 
the first Poa which arises immediately it is examined is, 
whether the longitudinal double angle irons on the keel-plate 
or the frames are to be cut to allow the other to pass through 
continuously. Unfortunately, while neither of them should 
be cut, one or other must be. The best plan is to cut the 
ey and fit a piece of ; 

t ing the frame and turaing up against 
the centre line Bacay mec hee on Fig. 8. rape cases, the 
longitudinal angles are, cut and the frames continued 
through, but it is an unsatisfactory mechanical arrangemen‘ 


angle-iron frame on the other side | to 





which naturally carries considerable weight with shipowners. 

Passing from the longitudinal aspect of the keel to a con- 
sideration of the transverse strength of the ship at the middle 
line, it will be seen ( Fig. 9) that we have a girder of which the 
top is the middle line flat-plate, and bottom the flat keel-plate, 
or the keel and garboard connexions, the rivets attaching the 
bracket-plate to the vertical centre-plate also assisting. 
Taking a length of 4 ft. of this, and comparing it with the 

of the two floors with frames and reverse frames 
attached, which would come in this space, the transverse 
strength at the middle line is found to be much greater in the 
new system than in the old. 

And here I may draw attention to the difference between 
the form of bracket at the middle line, in Figs. 5 and 9, 
Fig. 10 also shows another form of this bracket, which is 
now, perhaps, more common than either. The object sought 
in ing this middle line bracket in one piece each side is 
to get more lateral support to the middle line vertical plate 
at the centre of its height. This plate is liable to more 
frequent and more severe strains than the other girders, from 
the keel striking the ground below, and from the thrust of 
the pillars above, and its ray beng buckling throughout 
its depth is better insured in this way with comparatively 
little expense. 

In some cases, the space between the keel and first longi- 
tudinal girder is made up of a solid plate, lightened, as in 
Fig. 7, and the remaining spaces fitted with brackets of the 
usual form. 

Passing next to the side or flange-plate of double bottom, 
we find several variations in the arrangement, depending 
chiefly upon whether the frames are cut at this part, or are 
run through. In either case, however, it is important that 
the side-plate of double bottom should be of substantial 
depth, and should have brackets fitted on its outer side, in 
order to form an efficient combination between the bilge and 
the inner as well as the outer bottom. Where the frames are 
cut at this part, it is necessary to fit brackets inside and out- 
side at every frame; but where the frames run through con- 
tinuously, it is customary to fit brackets outside to the frames 
only which carry the bracket system, and not to the inter- 
mediate single frames. 

I need not dwell on the different form of the brackets at 
this part, as so much depends upon the form of the body, the 
rise of floor, and the depth of the double bottom. I have 
spoken of the necessity to keep the side, or flange-plate, of 
the double bottom a substantial depth, and this applies not 
only to its depth amidships, but also to its depth forward and 
aft; and unless this is provided for in an early stage of the 
design, it becomes difficult afterwards to repair the omission 
without making the connexion unsightly. 

This is the only girder that curves inwards towards the 
middle line, and keeps square, or nearly so, to the vessel’s 
side, the others being kept in longitudinal planes, and the 
outer one stopping when the side girder gets sufficiently near 
to render its further continuance unnecessary. Tais is much 
simpler in construction than the Admiralty plan of making 
all the longitudinals follow the edges of the plating, and has, 
I think, advantages in point of strength. 

I will next consider the plating of the inner bottom, and 
this is a point on which far more differences of opinion have 
arisen than would at first sight have been imagined. And 
here I may perhaps mention that cellular construction has 
been lately subjected to far keener criticism than I ever re- 
member before, for it has the talent of all the shipbuilding 

ards in the country turned upon it—to improve it, sy holes 
in it, simplify it, cheapen it; and, in fact, to perfect it by 
combining the maximum of efficieacy with the minimum of 
cost. The consequence is, that now no cherished feature of the 
longitudinal system is sacred until it has been rigidly weighed 
and tested. s 

I spoke of the longitudinal girders being sometimes 
sacrificed to the transverse webs. eed ae oo heresy is to 
work the inner bottom transversely ins of longitudinally. 
Where this has been done the longitudinal girders have of 
course been made continuous. . : 

I will briefly examine the reasons for and against plating 
the inner bottom transversely, and will explain why, in my 
opinion, it should be worked longitudinally. 

The reasons for putting it transversely are: (1) that the 
rivetting is more easily got at, and that it is cheaper; (2) 
that it increases the transverse strength ; and (3) that there 
is sufficient longitudinal strength without working this 
plating longitudinally. The answer is, that the difference in 
cost is comparatively small, and that continuous lines of weak- 
ness are set up at every seam across the ship, whilst the 
transverse strength is not increased at all. It will be easily 
seen that the centre line fixt-plate must be worked longi- 
tudinally, and consequently the transverse plating must all 
butt against it, or overlap it, so that there is what 
amounts to a longitudinal seam along the ship at this part, 
as pronounced a line of transverse weakness as if all the seams 
were longitudinal. Indeed, the other seams further towards 
the side of the tank are of far less importance to the transverse 
strength of the ship than this one. Oa the other hand, the 
transverse lines of weakness caused by single rivetted edges 

ing across the double bottom are unmitigated evils. 

Itistruethe vessel might have plenty of longitudinal strength 
to withstand all the statical strains to which she might be sub- 


ab Cbs eceeed She dip exe tecadhenone. A vessel striking the 
ground heavily—I mean a bank, not 
Sihavtag her Lanse bettors oy * 

sheer one or other of these si e-rivetted transverse edges, 
even before the outer bottom gave way, for forming as they 
do the top of the girder, would be under the greats: 
tension, and would give way, before the of the soli 
girlers below them could be fully developed. The fault is, 




















ApRIL 9, 1880.] 


ENGINEERING. 





295 





indeed, similar in kind to that which would be involved in 
plating the vessel, or the decks, transversely, and is contrary 
to the best established traditions of shipbuilding. 

The rp ney to plate the inner bottom transversely have 
no doubt arisen from the fact that it was frequently done 
when the ballast tanks were fitted on the floors, and were an 
addition to the structure; but the case is different when it 
forms, as in this system, an integral portion of the structure. 
For these reasons it is desirable that the butts of the plating 
of inner bottom should be carefully shifted similarly to those 
of the outer bottom, and the butts of the longitudinal girders 
should also, where ~—_ are continuous, i with 
each other, and with the plating butts. Manholes in the 
girders and inner bottom should also be considered like butts, 
and be properly shifted, and should not be more numerous or 
larger than is necessary to render the double bottom easily 
accessible. 

I will next consider the position of the seams of the longi- 
tudinal inner bottom, and this is a point that I have often 
found overlooked, although it is one of much importance. I 
think it will be easy to show that these should be kept away 
from the longitudinal girders where the reverse bars are 
short between them, because the transverse strength is then 
not so entirely dependent upon rivet work. It is a rivet con- 
nexion between the girder and brackets, and by having a 
solid plate of inner bottom on the girder, the connexion is 
made a more complete one. On the other hand, when the 
seam is placed towards the middle between the girders, it has 
the unbroken reverse bars to support it, and this could be 
increased to any extent found necessary by increasing the 
size of the reverse bars, or by strapping the joints of the 
brackets, as shown shaded in Fig. 10, And here it may be 
well to discriminate between the relative importance of the 
a seams of inner bottomas they relate to transverse 
strength. 

The simplest illustration is that of a vessel docked when 
full of cargo, and somewhat similar conditions hold when a 
vessel strikes a bar, or is to any serious extent resting on her 
keel. If we look to Fig. 9, we may take the cargo on each 
side of the middle line acting downwards through its centre 
of party somewhat within the quarter breadth, and this, to- 
gether with the hull itself, ma taken at about the position 
shown by the arrows W W, while the support of the ship is 
at the middle line in the direction of the arrow B. Now, 
the transverse strain on the vessel at the first seam out from 
the middle line is proportional to Wxthe distance a W, 
while that on the section in way of the seam next out is W Xx 

W, and soon. Of course the bulkheads ore great assiat- 
ance against these strains, but about equally to all the dif- 
ferent seams, and so leaves those nearest the middle line still 
to bear the greatest strain. 

In some calculations I made recently for vessels of a larger 
size than the one shown on Fig. 9, I found, taking a fixed 
length of ship with the bracket system of framing and with 
ordinary floors, that the transverse strength at the first seam 
with the bracket system was but little ter than with the 
floors where the seam at a was single rivetted ; but when it 
was double rivetted the stren of the bracket system 
was immediately increased — of 20 per cent. This, as 
oe will readily see, arises perly utilising the inner 

ttom as a top flange for the girder, changing, in fact, an 
inefficient into an efficient flange. Another comparison was 
to put a solid lightened plate between the keel and first 
longitudinal girder, as shown on Fig. 7. That increased 
the transverse strength about 30 per cent., or rather more 
than the double rivetting of the inner bottom seam. These 
figures show how important it is when we come to mer- 
chant ships of great size, where number of transverse 
bulkheads is limited, to attend to the edges no less than 
the butts of the inner bottom. In reference to the 
comparison between the bracket system shown on |Figs. 5 
and 10, and the plate system Fig. 6, it will at once be 
seen that the advantage midway een the girders in 
point of strength lies with the plates, but this difference 
can easily be restored where deemed necessary by ea 
the junction of the brackets, and it must therefore almost 
inevitably resolve itself into a question of economy of con- 
struction. 

One other point that I must dwell upon in reference to the 
arrangement of material in this system of double bottom, is 
the reverse frames. The question whether they should be 
continuous or intercostal is a moot point. Some builders are 
of opinion that the top angles of the longitudinal girders 
should not be cut under any consideration, while others 
would not hesitate to cut these angles or the girders them- 
selves to more transverse strength. The reverse bars 
are generally fitted: intercostal, but are sometimes ex- 
tended through the girders as in the Admiralty m. 
Examining the arrangement a little more closely, I do not 
think there will be much difficulty in seeing how the advan- 
tages of both systems might be combined. 

en the seams of inner bottom are placed between the 
girders, there cannot be much, if anything, gained by making 
the reverse bar which carries the brackets continuous, for it 
isabundantly strapped where cut at the girder by the rivets 
in the brackets on one flange, and the inner bottom on the 
other, It is not therefore worth while to cut the longitudinal 
angles for this one. The intermediate reverse bar is, how- 
ever, different. It is necessary to the rigidity and efficiency 


of the inner bottom as an important of the structure, 
but fitted alone in short lengths it not make a good 
arrangement. 


mechanical 

If in lieu of this angle fitted in short lengths below, it 
could be made continuous above the inner bottom, a stronger 
ee oe La od and it need not necessaril 
create any di ty in the arrangement of the wood ceiling. 
Oreven if, instead of the angle, e thick continuous strap were 
worked on top, the combination would, in my opinion, 
better than at present, if the difficulty of keeping the tank 


a, ee mgr wh te over, 
I would mention ong eee et eeertenee Ge 
e this I have been 


be } even less intensi 


which connect them to the outer and inner bottoms as well 
as to the gi should be closely spaced to utilise the full 
strength of the s , and failing this, it is easy to make 
serious errors. deed, the necessity for extreme care in 
matters of detail prevails in this as in all new systems, and 
will continue to do so until it has become customary, and 
larger the ship the greater becomes the danger if any im- 
portant features are overlooked. 

Closely associated with the movement in favour of cellular 
double bottoms in the mercantile marine, is one for the sub- 
stitution of deep web frames or partial bulkheads for hold 
beams. This favours stowage, and is likely, I think, to be- 
come very general. Like cellular constructions, it is a revival 
rather-than a novelty, and we find Mr. Scott Russell has 
been over the ground before us. In the Adelaide, a steamer 
of 1859 tons gross, built so early as 1852, there were eleven 
of these partial bulkheads, and I daresay he has fitted them 
to many other vessels that I have never heard of. They were 
also fitted in the Fenton, and are now frequently fitted in 
different forms by different builders. The plan which most 
commends itself to my mind is shown on the right-hand side 
of Fig. 9. The transverse webs are continuous, and from 
12 ft. to 16ft. apart, and the longitudinal ones intercostal, 
connected to them at the joints by di straps, as shown. 
It is an important point that these deep web frames should 
be attached to heavy beams at the deck, and well secured by 
strapping to the inner bottom, and that in way of them 
there should be solid plate frames in the double bottom. 
This is the present practice of Mr. Denny in large ships, and 
it is a very satisfactory arrangement. 

The reason for the transverse girders continuous at 
this part instead of the longitudinal ones is easily seen. It 
is, in the first place, near the height of the neutral axis where 
the longitudinal strains are not so severe as above and below 
it, and, in the next place, because it is easier to impart rigidity 
to the sides by spanning the short distance between the rigi 
iron decks and rigid bottom than by spanning longitudinally 
the whole length of a ship’s hold. It may, of course, be 
urged that when the ship is on her side this the top 
of the girder, but the argument is not a strong one, for a 
ship, owing to her ter breadth than d is usually 
stronger amidships longitudinally on her than when 


upright. ; 

I must wae ing my remarks to a close, as they have 
already far exceeded the limits of time and usuall 
accorded. I have said nothing about the advantages whic 
the cellular double bottom has over the ordinary one in ac- 
cessibility for the purpose of examining, cleaning, and paint- 
ing it, but these are self-evident. The questions of its cost, 
weight, and saving in tonnage are not points which properly 
come within the scope of this paper, and they are matters on 
which many builders present will be able to speak with more 
er than I can. I treat the matter from a purely 
technical and professional point of view, but I am sure in- 
formation on the commercial aspect of the | arcana va ba 


no less welcome to shipowners and others in’ in 
Pp of shipping. 
ny technical points I have had to omit, which are of 
t concern to my colleagues and myself who have some 
of responsibility for the scantli and arrangemen 
of nearly every ship has yet been built on this cellular 


principle of construction. The varieties in size of ship, in 
ss depth bb mare: bottom, in an cry fay: different — 
inations which it is possible to in arrangement o' 
irders and brackets, to say nothing of varieties in detail, 
ve recently taxed our utmost attention, and the time is 
fast approaching when form and consistency will have to be 
given to the system, and it will have to be embodied in rules 
of a more or less definite description, but ia the mean time it 
is important that the principles involved should be as full 
aud freely discussed as le, and that all experience whi 
may arise should be carefully collected and examined, and 
the whole system submitted to thorough and minute investi- 
gation upon lines somewhat similar to those which I have 
endeavoured, but I fear very imperfectly, to trace out. 





THE TAY AND FORTH BRIDGES. 


On the Proposed ates for Cureien the North British 
Railway across the Firth of Forth, with some Remarks 
on the Structure and Cause of the Fall of the Tay 
Bridge.* 

By Mr. St. Joun V. Day, C.E., F.R.S.E., M. Inst. M.E. 

(Continued from page 197.) 

LEAVING out of consideration the contraction of concrete 
over that range of temperature as being infinitesimally 
small, we find on calculation that a or tube of cast-iron 
18 in. diameter, in a fall of 68 deg. Fahr., will contract in 
length quite j;th of an inch, which is considerable in view 
of the elasticity of cast iron being sensibly nil. It is 
evident that in those cases wherein the concrete so 
filled the tabular columns of the piers that unless the 
concrete became yj eens or cru by the contraction 
of the casing around , that casing must have ruptured. 
I have made a careful examination of the concrete placed 
in some of the columns. In certain cases it appears not to 
have properly set, but in others it has set “‘as hard as 
sandstone.’’ In these latter cases there can hardly be a 
doubt but that the tubes were burst, i exposed as 
they were to the unusually long winter and al con- 
tinuation of nt ng seme yale wip her yor ty Fuge Ror 
If so, then, during the last twelve months of the life of the 


Y | bridge, its piers, so far as regards the a tructure 


“ ricketty”’ » ready 
over so soon asa occurred of 
han sufficient to _ the 
moment of the bridge in its normal condition. - 
more, water appears to have been present inside the cast- 


thereof, must have been in a 
to break off and to 





the | quantity of water had 


iron bag oounee water ¥ pars cg rs o = 
setting e concrete,* or water getting in through the 
joints or filtering down from the roadway, perhaps, cannot 
be said ; for judging from the nature of the concrete which 


these columns it yn Fac gh that out of it a 
into the bottom of the 
columns waiting to be frozen and thereby expanded to 
rupture them. either one or other of these causes 
most ecg did burst these columns I shall presently 
show from the state of the eastern leg of the first pier from 
the southern end of the standing portions of the bridge, 
but before directing attention to this and to another source 
of weakness, I wish to point out that even allowing the 
most favourable construction for the non-realisation of 
the first view, viz., that the concrete did generally set hard, 
copammtip kanes te 40 ti Claes mo ieee a 
parently wn lo a space wo 
ache be allowed for the intrusion of water, which it 
seems inly was present, from the rusty condition of 
such portions of the interior of the columns as I could 
examine, In this case, then, the filling of such columns 
with concrete, for the avowed purpose of protecting them 
from the necessity of painting to avoid rust, has a 
fatal mistake. T are facts, too, in connexion with the 
irders and piers which seem to prove this view, 
irders have not fallen (according to the divers) a 
long distance eastward from the piers as they would have 
done if the overturn had been on the lower part of the 
eastern iron portions of the piers, but they lie in the Tay 
about 30 ft. to the east of the piers, and the cast-iron tubes 
with concrete remain in fragments, many of them 
resting on the flat stone capping of the brick piers, as 
shown in the photographs w am enabled to show, by 
the kind ission of Mr. Murton, the solicitor to the 
Board of Trade. This shows that the cast-iron columns, 
with some exceptions, must have broken up at their bases 
the instant the girders were overturned, and which they 
would the more easily do under the varying direction of 
the stresses to which they were subject by the looseness of 
the bracing to which I have already made reference. 

It has been frequently asked why these columns were 
cresdeee 4 mene ce be Lcacrpaped —_— has been 
exp y many at such a course 
for its tendency was to reduce the factor of safety of the 
bridge in the manner I have ——— out. 

I have further to mention care does not seem to have 
been taken to insure uniformity in the thickness of the 
metal of which the legs of the piers are formed. In some 
that I measured the metal at one side was ljin. thick, on 
the opposite side an inch only, and from the ‘‘ ing’ of 
the moulds being but too visible in the tubes, it is clear that 
they were, castjon their sides, in place of on their ends, as 
they certainly should have been, under the pressure of a 
high column of fluid metal te insure their solidity. It is 
not then even probable that all the columns were sound, for 


as Mr. George Barker and others have pointed out in the 
columns of ENGINEERING, and as every one acquainted 
with tubular castings knows, hollow or ‘ blow holes’ 


are frequently present in the walls of the metal, whose 


ts cannot be known until the metal is cut into or 
Coabes through. 


I now direct attention to the diagram showing the 


above water portion of the first pier counting from the 
present standing south portion of the bridge. You will see 
that the lowest eastern column shows a large piece of the 


tube absent, exhibiting the concrete core of the interior ; 
this, I think, unmi indicates that either the con- 
traction of the tubular columns on the concrete, or the 
freezing of water therein, or possibly vertical compression, 
either some time before, or perhaps at the v instant of 
overturn, burst out this piece of metal. © presence, 
however, of such a hole at such a point of the piers shows 
that forces have been ing there which were destruc- 
tive of the life of the bridge. 
ati Seely a Bt, Suter ote 
eory e bri at the where 
pn train was situated, an bet Pon was there, 
and examining the appearance » more particu- 
larly the present directions of the proj i ieces of the 
rails at the north and south ends of the standing sections 
of the bridge, and co the positions of these in 
relation to the arrival of ions of the wreck on the 
northern shore of the Tay, I incline to the opinion that it 
was the northern end which first gave ‘way. We must not 
fo that these 245 ft. gi were jointed together in sets 
of four and five; that at the middle joint they were bolted 
down to a pier head ; and that the n end simply 
rested without attachment on a box at the end of the 
northern section of the structure. With a strong wind blow- 
ing I have observed the floor of suspension 8 li ; 
and, in view of this, witha acting on the 
pd re well as beneath them, wi 
the fixed middle joint) of 490 ft, itis 


in 

on its resting points, that the friction by which it resisted 
lateral movement was thereby much reduced, and facility 
afforded for turning it off the north end poling a 
The bend of the rails indicates this to have taken 
place, whilst the fracture of the transverse bracing of the 
north end pier indicates the strain to have been in that 
ion. ng ban gpetrceb pe dp olyon dt atid agen 

> Oe a en ee continui ao oo 
end of the southernmost of the northern gi whic! 
rest upon it. So injured indeed is this pier that it is 
* It was not a novelty to fill the columns with concrete. 
This had been done in cases, i 
es ing holes’? were provided to allow of the 


io myseit by the fais’ William Froude, 











rivetting of a system of construction 
discussing. 


. The rivets in the brackets, and in the angles 


* Paper read before the Institution of Engineers and 
Shipbuilders, Scotland. 
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temporarily shored and bound up by wooden spars. Another 
point in proof of this as bering been the primary 
movement in the fall is the state of the northernmost of the 
south piers. In this the bracing is but little injured, as 
may be seen from the photograph, and the rail ends are 
hent round eastwards. Now, had the southern end of the 
bridge gone first, we should expect to find the bracing of 
the northernmost piers there, to be broken up like that at 
the north end, but such is not the case—the lugs 
which held two or three of the upper tier of ties only have 
gone, or just what we might expect from the tendency to 
tear the u part of the pier asunder, by the girder being 
dragged off from it, endwise. It was stated in evidence 
before the Court of Tnagy st Dandee, by one of the 
witnesses, that he saw th end of the bridge go first ; 
ut this evidence does not seem very reliable, nor so much 
to be trusted as the order of arrival of the wrec' on 


: 
i 
: 
: 
: 
E 
z 
: 
i 
s 
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the work from its outset to its completion, assures me that 
what were portions of the flooring of the bridge were cast 
ashore first at Broughty Ferry, and that the next thing 
east ashore was the wooden “ slide ventilator’’ of a first- 
elass carriage. Mr. Thompson was on the shore at the 
time, and saw these portions of the wreck cast up in the 
order I have mentioned. From the fact of the north end 
of the bridge being so much nearer Broughty Ferry than 
the southern portion of the fallen girders, inside which the 
train lies, he concludes that the pieces of flooring must 
have come from the end, from which they would more 
easily be floated out, similar pieces from the south end 
bridge, with a wind directing them to the northern 
of the estuary, and would t ‘ore naturally arrive 
before wreckage proceeding from the southern 


With regard to the submerged portinna of the piers of 
the Tay Bridge, the present state of sume of them shows 
that brick in cement is not the best combination of ma- 

of which to have constructed them, situated as they 
in an estuary having a very tidal flow. These 
piers in some places show the cement to be loosening and 
coming out, and there are i of considerable 


eutwaters 
“ shoving 


tidal gote, oe nee op i 7. 
ing” of ice i them a thaw. view 
facia, ill bo, nooomary to Pac -¥ -y- on the 
cutwa: piers, to preven’ operation 
them of these continuously destructive forces. 

It is important that in whatever be done in the re- 
erection of this bridge, that the i 


i 


down of the surface of the piers on their western | b 





i operation at the 
same time of the three forces of wind, tidal, and ice action 





may all be present, and helping each other together to 
coma the structure ; this points out that the transverse 
breadth of the piers must, with the same height of bridge, 
be, consistently with a sufficient factor of safety, almost 
double the width of the present piers. 

The report of Major-General Hutchinson to the Secre- 


tary of the Railwa ment of the Board of Trade, is 
a document of such im uce in the matter, that having 
been obligingly supplied with a copy thereof by Mr. Calcraft 


of that department, I am fortunate in being able to a ie 
it. a parts printed in italics therein are italicised by 
myself. 

As to lateral oscillation, I am informed by several 
persons, and in particular by Bailie Thomson, of Dundee, 
who was frequently standing on the centre part of the 
bridge during the eine across it of the Newport water 
pipe whilst trains were passing, ,that the oscillation had a 
range of several inches. 

I fail, in view of what I have seen for myself of the cha- 
racter of the structure, to comprehend how Major-General 
Hatchinson could report that “ the ironwork has been well 
pln, cae both in the columns and girders.”” Did 

€ Hutchinson really closely inspect the columns? 
Did he inform himself of the three tiers of deep girders ? 
Did he ascertain the depth, and variations of the depth, of 
the holding-down bolts? if so, his report is, to say the 
least, incorrect, for it has been abundantly shown how 
unfit was the structure of the columns for the functions 
imposed'upon them. That General Hutchinson mis- 
givings as to the of the brick-in-cement 
columns is clear, for he recommends “‘ very careful at- 
tention” to be given, to ascertain that no “‘ scouring action 
is taking place in the foundations, particularly in the case 
of those piers which are subjected to a strong current.’’ 

(To be continued.) 








Dom Pspro Sreunpo Rartway.—The Dom Pedro 
Segundo Railway is the and, with one exception, 
the most important line in Brazil. The total h of the 
main line is 365 miles, and i le almost 
every year. The road was commenced under the manage- 
pe aa - seuss, Bones at the rate of 

per cent. per annum on the capital stock being guaran 
yy the ilian Government. But in building the first 
portion of the line it was 
— Rio, and 

capital was en 
men‘ ht the line 
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teed me will 
eit the kingd om. 
to cross the mountains | to 





THE 


SEWAGE 
Council of Coventry have agreed 





Works or Coventry.—The Town 
to renew the lease of 


the City Sewage Works to the Rivers Purification Associa- 


tion, 


annual subsidy of 22001, 





imited, for a further term of four years at an 


A New AusTraLian Harpour-—The South Australian 
Government have received a favourable report with re 
to a recently examined harbour at Parker’s Point, Gulf of 
Carpentaria. A pilot stationed at Sweer’s Island, having 
proceeded in a pilot cutter to take a pes ne after 
ten days’ examination, that a reputed sandspit abreast of 
Allen d does not exist. He adds that the greatest 
rise and fall of the tide is 13 ft., and that there is a depth 
of 12 ft. 6in.in the channel at low water springs, thus 
giving at high water nearly 44 fathoms. 





Progress or Pustic Heattu.—In consequence of the 
qresral election, it has been considered advisable to fix the 
te for the conference on this subject—which has been 
held annually by the Society of Arts since 1876—somewhat 
later than was originally intended, or than has been the 


case in former years. It will; th 

inning of June. As at the 
Bight ‘Hon. James Stansfeld, 
Local 


revious 


erefore, be held in the be- 
i conferences, the 
.P., late President of the 


Government Board, will be in the chair. A pro- 
gramme of subjects for discussion has been drawn up by 
the Executive Committee, and will be submitted to the 
conference. The following are the subjects included :— 


1. The develo 
i Re constitution of County 


of the local authorities of urban 
Amendments in Ss — 
inspection and classification 0 

4. Anenteatla in the Rivers Pollution eer § 
kaa Ganchamens Board. 
inistration areas. 6. Further 
announced that 


especially by t 


extension of the powers 


and rural sani 
d 


the 


Health Act. 3. Sani 
tion Act. 5. The advisability of 
on Act. , ae 


ministrative 

Local Government Board adm a 

suggestions by sanitary authorities. It is 
jetailed ; 


districts. 


+ of local government administration, 


Boards. 2. The 


will be issued shortly, and that 


au 
It is not 


copies can on ready, from the secretary of 
i > in Ww a 
Tal also be issued to sani 


plies. The pro- 
ities through- 
to make any attempt 
papers which may be read and discussed ; but 
state will be glad to receive any 

“y information, or giving 
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The Comstock Lode, its Formation and History. By Joun 
A. Cuurca, E.M., Ph.D., Mining i . Tlustrated 
by Six Plates and Thirteen Figures. New York: John 

iley and Sons ; London: Triibner and Co. 

Dr. CuurcH explains in his preface to the volume 

before us that his book ‘contains the results of 

‘‘ studies made from the standpoint of the miner 

‘‘ rather than from that of the stratigraphical geo- 

* logist,” while he disclaims any pretension to have 

dealt completely with the problems — by the 

Comstock mining region ; but he nevertheless 

produced a work containing a vast amount of infor- 

Tbe book opses with « chs aca 

e opens with a iving a gen 
account of the ¢ Comstock ened aie Sonne 
in which they are worked, Mining in the Comstock 
region began in 1850 and the lode itself was dis- 
covered in 1859. As far as at present known it 
runs nearly north and south (magnetic) for a length 

of 22,546 ft., this length —— divided out into 29 

claims or mines ; these mines forming three groups, 

namely, the Virginia, the Gold Hill, and the Ame- 
rican Flat groups, embracing 17, 9, and 3 mines 
respectively. Besides these 29 acknowledged mines 
there are a number of others which have not yet 
established a connexion with the lode, but which 
there are reasons to believe will ultimately do so. 

The Comstock Lode is described as ‘an example of 

‘* an inclined deposit which is reached through shafts 

‘‘ sunk through the hanging wall.” The dip of the 

lode to the eastward is from 30 deg. to 60 deg., and 

hence it is not practicable to work any large number 
of levels from a vertical shaft. In the early days 
the lode was opened up by surface works, tunnels, 
and shallow shafts or inclines, then came a line of 
deeper shafts reaching a depth of from 500 ft. to 
600 ft., while these were in turn succeeded by a line 
of deep shafts sunk through the hanging wall and 
reaching the lode at a depth of 1000 ft. and up- 
wards, At the present time the last-mentioned line 
of shafts is becoming superseded, and during the 
last two or three years a fourth line of still deeper 
shafts has been sunk a considerable distance fur- 
ther to the eastward, Most of these very deep 
shafts are being made each to serve two or three 
mines so as to reduce expenses, Of these the 
deepest is the Foreman shaft, so named after the 
superintendent of the Overman mine. This shaft, 
which will serve the Overman and the Caledonia 
mine, is at the southern end of the Gold Hill group, 
and it is expected to be no less than 4500 ft. deep. 

It is L-shaped in plan, the longer arm of the L, being 

divided into three compartments, each 5 ft. wide 

and 4 ft, 6 in., 4 ft. 6 in, and 6 ft. long respectively, 
while the shorter arm contains the pump shaft, 
measuring 6 ft. by 7 ft. 

The value of the gold and silver obtained from 
the Comstock Lode during nineteen years working, 
Dr. Church estimates at 290,000,000 dols., apart 
from the bullion derived from battery, slimes, and 
tailings, which he considers may raise the total 
value to 320,000,000 dols., while the total weight of 
ore extracted he sets down as about 6,500,000 tons. 
The statistics given by our author showing the rapid 
development of the mines on the Comstock are of 
much interest, but we have no space to give a sum- 
mary of them here. Most of the bullion has been 
obtained from sixteen ore bodies, or ‘‘ bonanzas,” 
as they are called, some of these bonanzas extending 
through two or more mines. 

A Table which Dr. Church gives showing the date 
of formation of the various Comstock mining com- 
panies, the amount of their stock, dividends, &c., 
contains facts which are scarcely of a kind satisfac- 
tory to owners of mining shares. Of the 29 com- 
panies we find that 16 have never paid dividends 
at all, while of the 13 others, one is set down as 
having last paid a dividend in 1864, one in 1865, 
one in 1869, two in 1870, three in 1871, one in 1872, 
one in 1875, one in 1876, and two o ly—the Cali- 
fornia and the Consolidated Virgi in 1879. 
None of the mines in the American Flat group have 
ay ielded dividends. The number of shares issued 

y the 29 companies is 3,630,160, having the par 
value of 364,296,000 dols., and on this capital the 
gross dividends paid up to April, 1879, have been 

116,820,000 dols., from which must be subtracted 

assessments to the amount of 37,723;886 dols., 

leaving net dividends of 79,697,014 dols. 

Mining operations on the Comstock Lode are car- 
ried on with extraordinary vigour, and every advan- 


tage appears to be taken of 


appli 





com fired by fuses, electric firing having been 
found far from safe in the dry air of Nevada. As 
an example of what can be done under favourable 
circumstances it may be stated that in 1877 the Con- 
solidated Virginia mine yielded 144,400 tons of ore, 
or 400 tons daily for 362 days, and the California 
about as much, while the new Yellow Jacket: shaft, 
commenced in October, 1876, was carried to the 
depth of 2250 ft. in eight months. 

uring the last few years compound pumping 
engines, fitted with Mr. Davey’s differential valve 
gear, have been replacing the old geared pumps, 
while direct-acting hoisting engines have been 
introduced and the winding 5 increased to 
1100 ft. per minute—a speed which is still very far 
below that attained in some of the coal mines in 
this country. The use of a “skeet” in place of 
the ordinary cage is also stated to be giving good 
results, this arrangement, which has been designed 
by Mr. L. L. Requa, of the Chollar-Potosi mines, 
consisting in the use of a large self-dumping skip 
containing about 4} tons of ore, 

The ventilation of the Comstock mines is effected 
wre 2 by natural and partially by artificial means. 

rattices are sometimes used in main airways but 
rarely in vertical shafts, the latter being nearly 
always exclusively upcast or downcast. Considering 
the great heat of the lode the results obtained by 
natural ventilation are small, a result probably to a 
= extent due to the small section of the drifts. 
ithin the mines the distribution of the air to points 
out of the line of the natural currents is effected by 
small engines worked by compressed air supplied 
from the surface at about 60 lb. pressure, these en- 
gines each driving a small fan, which delivers the air 
into the drift to be ventilated through galvanised 
iron pipes from 8 in, to 1] in. in diameter. 

Dr. Church gives some most interesting particu- 
lars of the conditions under which the miners work, 
and explains the reasons for adopting the system of 
ventilating above described in preference to that of 
ventilating by exhaustion, which is more usually ad- 
vocated in mining practice, As far as the comfort of 
the men is concerned, a hot dry current of air ap- 
pears to give much more satisfactory results than a 
much cooler current possessing less power of ab- 
sorbing moisture, and the experience shows that the 
miners can work in a temperature of 123 deg., or 
even higher, if the action of the skin is properly 
maintained. The men working in these high tem- 
— drink copiously of ice-water, and Dr. 

hurch states that ‘‘an allowance of three gallons 
a - man is probably a minimum estimate for eight 
‘‘ hours’ work,” 

Pumping operations on the Comstock Lode are 
nati y of great importance, and the great height 
of the lifts to be dealt with render them of special 
_—* From the facts which Dr. oem Ranpe-s 
the Davey pumping engines a to oing ex- 
cellent lh 2 PThe water sabed. from the wines 
appears to be princi used in connexion with 
the mills for the treatment of the ores, it being 
finally discharged into the Carson river about seven 
miles distant. Artificial irrigation is required for 
the cultivation of the soil in the Comstock region, 
ng — waters oe little —— this — 

r. Church regards drainage as likely to form the 
greatest difficulty in the prosecution of deep mining ; 
the deepest points reached are already some 1000 ft. 
or so below the level of the Carson river, and there 
appears reason to believe that the natural chan- 
D 4 relief of surface waters are being interfered 
with. 

Dr. Church’s second chapter is a brief one, and is 
introductory to the three chapters which succeed it, 
while Chapter III. describes in detail the lode rocks. 
The Comstock Lode lies in rocks of late tertiary age, 
comprising diorite, propylite, quartz, anderite, tra- 
chyte, and basalt, and of the c istics and 
position of these rocks Dr. Church treats at con- 
siderable length, his descriptions being illustrated 
by explanatory diagrams. In his fourth chapter 
our author deals with the history of the lode rocks 
from the beginning to the formation of the quartz 
bodies, while in Chapter V. he deals with the for- 
mation of the ore quartz and the position of the 
bonanzas, in Chapter VI. with the general features 
of the mines, andin Chapter VII. with the position 
of the ore, these chapters being illustrated by 
coloured maps showing the results of actual surve 
In the series of chapters we have mentioned Dr. 
Church analyses with great care the evidence 


liances, | afforded by the collected data respecting the Com- 
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Machine drills are largely used, and blasting is stock Lode, and he arrives at conclusions differing in 
mostly performed by the aid of nitro- t from those held by some previous 


important respects 

writers on the subject. Respecting this he remarks 
that the Comstock ‘‘has the reputation of being a 
“true fissure vein of the very first magni ; 
‘but there is no sign of a fissure, and even the 
‘* word vein must take in a new signification to cover 
‘¢ the extraordi deposits of this region.” Of the 
theory which Dr. Church has formed respecting the 
formation of the lode it would be difficult to give a 
fair idea within the limits of this review, and for its 
details we must therefore refer our readers to the 
work before us. We may, however, quote from 
the summary tam by Dr. Church in his — 
chapter the fo ae remarks concerning the facts 
which he has collated and analysed ; he says: ‘* The 
‘“ facts here brought forward are of the utmost im- 
“ portance both to the future fortunes of the Com- 
‘¢ stock Lode and to the general theory of mineral 
‘‘ veins. They show that no vein and nothing like 
‘“‘a real vein exists in ground that has for years 
“ been supposed to contain the boldest. example of 
‘¢ true fissure vein formation in the world ; that the 
“largest bodies of ore can be formed from deep 
‘¢ sources of mineral supply without the agency of a 
‘ fracture even of the smallest dimensions ; and that 
‘* it is quite unnecessary to seek for great dynamic 
‘‘ convulsions to account for the formation of thick 
‘¢ masses of ore within thé solid rock, a sufficient 
“ cause being found in the quiet action of the same 
‘“‘ forces which have everywhere moulded the crust 
‘¢ of the earth. Though no vein can be found the 
“¢ quartz is certainly not segregated. ‘The masses 
‘of ore matterare entirely different from the sur- 
‘ rounding rock, which could not have produced 
‘them either by yielding up mechanically-held 
“ silica, nor by any known method of mineral de- 
“ composition. They are altogether foreign to their 
‘¢ present habitus. They do not fall into the existing 
‘¢ systematic definitions of ore masses, for while they 
‘+ have the position of segregations, they are more 
‘¢ widely separated from this class of bodies than 
“ from any other. ‘They have the deep origin of the 
‘* true fissure vein, but do not exhibit the smallest 
‘“* continuous crevice. Instead of being the pro- 
‘¢ duct of formidable convulsions their history has 
“ been one of almost perfect calm; they have wit- 
‘¢ nessed none but the gentlest kind of movements, 
‘¢ They are the products of the slowest possible - 
‘¢ incubation and have not the first sign of cata- 
‘¢ strophic birth.” 

Chapter [X. deals with ‘ Considerations which 
affect the Comstock,” and init the author draws 
certain practical deductions from the facts he has 
already set forth, while the succeeding chapter 
treats of considerations of a more general ter, 
and Chapter XI. deals with the Justice Lode. It 
has been suggested that the lode in the Justice 
mine is a branch of the Comstock, but with this 
view our author is scarcely inclined to agree. He 
considers, however, that the Justice mine is one 
which affords special advantages for investigation b 
the student from the fact that its nena levels sti 
remain open, so that its history can be read from 
the surface to a depth of more than 1000 ft. The 
lessons to be drawn from its examination he regards 
as stren, oe views respecting the formation 
of the Comstock Lode, 

The last chapter of Dr. Church’s work treats of 
‘‘ Heat Phenomena,” and is of exceptional interest 
dealing as it does with facts which have such an im- 
portant bearing upon the future of deep mining. ‘The 
mines in the Comstock Lode are the only hot mines 
now worked in the United States, and the facts re- 
corded show that they are characterised by tempera- 
tures which are unequalled by any other mines now 
known. For the first thousand feet in depth the 
Comstock mines showed no unusual phenomena, but 
at the greater depths now being worked the rise in 
temperature has been remarkable, In this coun 
we have in Cornwall the well-known hot lode, whi 
at a depth of 1520 ft. discharges water at a tempe- 
rature of 116 deg., the adjacent air reaching from 
100 deg. to 110 deg., while at the Huel Clifford 
mine pect goog of the discharged water has 
been as high as 125 deg. In the Com- 
stock, on the other hand, the highest water tem- 

ture recorded up to the end of 1877 was 154 
., and in the 2000 ft. levels the rock appears to 
have a fairly uniform temperature of 130 deg. Dr. 


Church gives an interesting table of records of tem- 


of rock, air, and water obtained at different 
epths and in different situations, and from this we 
see that in the new shaft of the Yellow Jacket 


mine a self-registering thermometer placed in a dry 
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hole in the rock at a depth of 2670 ft. recorded a 
ae of 155 deg. Curiously enough, there 
are found in the Comstock restricted areas having 
temperatures some considerably above and others 
below the average. The cold spots were usually 
wet, but this wetness does not account for their 
coldness, for wet places abound in the hot areas 
also. Our author places on record a number of 
most interesting facts respecting the temperature of 
the Comstock mine and its distribution, and from 
an analysis of these facts he arrives at the conclu- 
sion that the ‘‘remarkable heat of the Comstock 
** rocks is derived from a source still active, that 
‘* this action resides in themselves, and that instead 
‘* of the rock being heated by the water, the heat is 
** entirely due to chemical combination between the 
‘* rock and the water, the two playing an equal part 
‘* in the process. This process is kaolinization, by 
‘* which the anhydrous aluminic silicate of the feld- 
‘* spathic and amphibolic rocks which form the only 
‘* substance of the Comstock ground is altered to 
* clay by combining with water. The water changes 
“from the fluid to the solid condition, and in so 
** doing the general law of solidification is obeyed, 
‘*the molecular motion which had maintained its 
** state of fluidity becoming sensible heat.” The 
theory thus advanced Dr. Church supports by cer- 
tain facts which he adduces and which are certainly 
most strongly in favour of his conclusions. 

As to the temperatures which may probably be 
met at the greater depths still to be opened up, 
Dr. Church speaks with much diffidence, the existing 
data from which an opinion can be formed being, as 
he points out, of doubtful value. On the whole, 
however, he is inclined to estimate the increase in 
temperature at 1 deg. Fahr. for about 45 ft. in 
depth. We have now completed our review of Dr. 
Church’s book, and we have, we think, said enough 
to show that it forms a most valuable addition to its 
class of literature. The volume, we may add, is 
admirably printed and in every way does credit to 
the publishers, 


Mestrepiating: A Practical Hand-Book, including the 
le By 2 W. Unquaaat, C.E. 
and Co. 


Practice of ctro-typing. 

Loudon: Crosby ‘ood 
Mr. Urquhart disclaims, in his preface, any in- 
tention of writing a theoretical treatise on electro- 
metallurgy, his object being rather to produce a 
manual for the use of the practical electro-plater or 
for amateurs who may desire to carry out the art. 
Commencing with a chapter containing some intro- 
ductory remarks and explanations of terms used in 
electro-metallurgy, our author proceeds in his next 
chapter to deal with the plating room, and the pre- 
paration of articles to be treated. Here we find 
a number of practical hints given as to the arrange- 
ment of the shop and the plant required, while the 
modes of preparing the various classes of articles are 
minutely entered into, and finally an alphabetical 
list is given of the materials used, with notes as to 
their properties and average cost. 

Chapter III. deals with batteries, those suitable 
for amateurs being first treated, and subsequently 
those for workshop use. For amateurs’ purposes, 
our author recommends the Bunsen battery for 
nickel and silver plating, and the Daniell for copper- 
ing and electro-typing on a small scale, while he 
states that he has gilded ‘‘ without the use of any 
“special battery by employing the earth current 
‘* generated by the gas and water pipes of a house.” 
For workshop Ys Mr. Urquhart considers the 
Smee andthe Daniell batteries best suited, and each 
of these he describes in detail, as he does also the 
Grove and the Bunsen cells, The practical manage- 
ment of batteries is also enterell into at some length, 
while notes are given as to the relative cost of the 
different types described, together with instructions 
as to the use of the galvanometer. The chapter 
also includes a short section devoted to dynamo- 
electric machines, but Weston’s machine only is 
described in any detail. 

Chapters IV., V., VI., and VII. deal respectively 
with the deposition of copper, silver, nickel, and 
gold, and in each the subject on hand is treated in 
a thoroughly practical way, the instructions given 
being lucid and free from diffuseness. In the 
chapter on the deposition of copper, we may add, 
considerable space is devoted to a description of the 
processes for as electrotypes from wood 
engravings, &c. The eighth and last chapter treats of 
the deposition of aluminium, of brass, of platinum, 
of German silver, of zinc, and of tin, while it also 
includes instructions for producing coloured coat- 
ings for metals. Altogether Mr. Urquhart has pro- 





duced an excellent ical manual, The book wema: 
add is well printed and is bound in a cover whic 
from the metallic lustre of its surface suggests the 
art of which the volume treats. 





ENGINEERING PRECEDENTS. 
By J. Ricwarps, 
(Concluded from page 237.) 

METAL-WORKING MACHINES AND TOOLS — concluded. 
Figs. 36 and 37 show a common toggle friction 
clutch, an invention of Bodmer’s described in his 
patent of 1839, which, if first of its kind, has become 
parent to a numerous progeny. It would be useless 
to follow through the many devices of the kind, the 
rinciple of all is shown in the di , and the 
invention consists, as we may say, not so much in 
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the particular mode as in the conception of a frictional 
connexion between pulleys or wheels and shafts on 
which they are mounted. The diagram is not drawn 
to ee any special clutch. The friction is pro- 
duced by sliding the boss x which is attached to or 
connected with the shaft m bya key, as shown ; this 
brings the links ¢ more into line, and presses the 
friction pads ¢ against the rim of the pulley a, which, 
being driven by a band, sets the shaft m in motion 
gradually as its momentum is overcome. Perhaps 
the most extensive application of such clutches has 
been where they are least required, that is, in places 
where a shifting band would fill the requirements, 
and omitting a few exceptional purposes, we could 
have gone on quite as well without such clutches. 
A shifting band formsin nearly all cases a “ friction 
clutch” of the first class, inexpensive, durable, and 
simple, none of which claims can be made in favour 
of those ingenious contrivances embodying the 
principle shown in the diagram. 

Weston’s clutch, consisting of a number of sur- 
faces, all pressed together at one time, and by one 
force, the traction being as the amount of surface, 
is an invention omen. better results when it can 
be employed. For readers who may not be familiar 
with this clutch, it may be explained that it consists 
of a drum surrounding a shaft filled with thin discs 
alternately of metal and wood; one set of these 
discs is attached to the shaft by means of a key or 
a me hole, so they may slide, but not turn on the 
shaft. The other set of discs is attached to the 
inside of the drum by notches in their periphery, 
but loose also so as to slide; pressure applied at 
the ends presses all these discs together, and the 
driving force is augmented as the number and area 
of the discs. ‘Phe inventor's favourite method of 
illustrating this invention is to overlock together 
the leaves of two books, their edges being placed to- 
gether, and then show how much force will be re- 


quired to separate them even with the slightest 


pressure. 

It has been thought best to notice this last- 
named invention, because with that exception Bod- 
mer’s clutch will no doubt make a fair precedent for 
all the rest. 

At Figs. 38 and 39 is illustrated another invention 
of Bodmer’s deserving some notice; a a are two 
emery wheels, one shown in section, both mounted 
on one spindle c, one of them being adjustable so as 
to regulate the distance between; ¢ is a shaft or 
spindle being ground to size. The wheels being 
mounted on a lathe carriage are traversed from end 
to end, so the shaft will be ground truly parallel. 

As many of the readers of ENGINEERING will 
remember, an article on grinding processes published 
in vol. xxvii. pp. 187, 207, will recall the devices 








there descri in connexion with this diagram. 
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The device embodies one but not the most impor- 
tant principle of the Poole system of grinding 
cylindrical forms, and is for many reasons an inven- 
tion of considerable importance, one which may 
in the future enter into the construction of machines 
for grinding cylindrical work, A description of this 
contrivance may be found in Bodmer's patent of 
1839, where there is a long dissertation on grinding 
surfaces of all kinds. The present example has 
been selected as one of the most novel, and this 
reference will be enough without quotations to show 
that the matter was gone into very —_s: 

Two more of Bodmer’s inventions in tools may be 
noticed, one a method of driving turning mandrels 
illustrated by the diagram, Fig. 40. Here a is a man. 
drel to be driven into the boss of a pulley e, c isa ram 
or slide having a reciprocating motion by means of 
the crank and link at s in the manner of a slotting 
machine. On the front of this slide isa screw mw 
working in a nut at». If the machine is set in 
motion and the screw m turned by proper mechanism, 
the mandrel a will be stamped or pushed into the 
boss with a force inversely as the speed at which 
the screw is turned. [n this manner a powerful 
force can be exerted and, no doubt, in actual 
practice a machine constructed on this principle 
would perform very well. It could not, however, 
be considered as a fair precedent for the very perfect 
hydraulic machines now in use, but we must not 
forget that the use or even the conception of such a 
machine forty years ago was evidence of a full 
knowledge of shop requirements, Driving mandrels 
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NEWTON’S OVERHEAD STEAM TRAVELLING CRAB. 


CONSTRUCTED BY MESSRS, J. H. WILSON AND CO., ENGINEERS, LIVERPOOL, 
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by machinery suggests standard mandrels, and these 
standard gauges. The latter we know formed a 
part of the implements employed by Bodmer. 

The other device to be described is a kind of 
friction gearing for actuating the feeding mechanism 
of metal planing machines as shown in Fig. 41. 
Here a is a smooth-faced wheel placed on the end of 
one of the cross shafts beneath the table; the band 
shifting being performed by tappets on the table, 
this wheel as it turned right or left carried the. 
rocker arm e with it by reason of a leather facing 
shown on the top. The length of the arc governed 
the range of movement, and when either extreme 
was reached the arm would run out of contact and 
be ready for the reverse movement, I am not 
aware whether in Bodmer’s designs the frictional 
are ran out of contact or not, but in either case this 
device furnished a precedent for a number of analo- 
gous devices now applied on American machines, and 
this feature leads to having the band shifting and 
feeding gearing separate and independent, a matter 
of no little importance in the rapid and convenient 
manipulation of a planing machine, things which no 
doubt occupied Bodmer’s attention. At any rate it 
may be questioned whether his ideas of such gear- 
ing did not go beyond a single band shifted twice 
its width at each stroke, as most machines—or indeed 
nearly all—are now constructed in this country. 

As a matter of interest, and one connected with 
the subject of these articles, it will be in place to 
make some general remarks upon the gearing of 
planing machines, especially with reference to 
American practice, ‘The amount of work performed 
on such machines in a given time, not to mention 
its better quality, and the consequent saving in 
finishing, has been increased at least one-fourth 
during the past twenty years. The first change was 
the abandonment of the pinion to en in the table 
rack, a large wheel being substituted to avoid lift- 
ing action and secure smoother working; next fol- 
lowed the substitution of two driving bands for one, 
80 that they only require to be shifted one width, 
and the complication of the quick return gearing 
was dispensed with; the relatiowr-of the forward 





and back motions being governed at pleasure by 
— of different sizes on the overhead shaft. 

he speed of the bands was increased and their 
width reduced, so that a mere touch would shift 
them. The shifting gearing was made to act 
differentially as it might be called, that is, one band 
was thrown off before the other was thrown on, 
putting an end to screeching, which indicates a loss 
of power and the destruction of bands. At the 
same time came with most toolmakers the abandon- 
ment of tappets on the tables for feeding, this 
being done by gearing as above described. The 
tappets were employed for shifting the bands only, 
80 ae machines could be handled = ease and 
stopped for any tem urpose without using 
the overhead guuting. » tales of no little import- 
ance with large machines, All peonivae: | gear was 
made lighter as the strains upon it were reduced, and 
the result has been as before stated a gain of speed 
and quality in the work performed. The old story, 
a machine’s power and its cutting force lost its 
influence with buyers, as ‘* 
came to be understood as a waste of material and 
power also, 

The economic limit of cutting power is or should 
be fixed by capacity of resistance in the piece acted 
upon and its attachments to a table, not by how 
strongly a machine is geared or how heavy its table 
is, yet when the power and capacity of a planing 
machine is spoken of this latter is generally meant. 








STEAM TRAVELLING CRAB. 


Tue steam travelling crab of which we annex en- 
gravings is one constructed by Messrs. John H. Wilson 
and Co., of Liverpool, and erected by them at the saw- 
mills of Messrs. David Roberts, Sons, and Oo., Derby- 
road, Bootle, near Liverpool. The arrangement is one 
designed and patented by Mr. George A. Newton, its 
special feature being the independent application of steam 
power to cach motion of the crab, each motion being 
driven by a separate engine, and each engine having a 
pair of cylinders and being fitted with link motion ro- 





versing gear. Thus in the crab illustrated thero is one 





powerful cutting” | 74 





engine for hoisting, one for longitudinal motion, and one 
for the cross motion. By this arrangement all clutches 
are done away with, and the various motions can be 
worked simultaneously or independently at any a 
speed. The crab we illustrate has proved a very handy 
one, and Messrs. Roberts say that the cost of the coal 
used by it does not exceed 4d. perday. Tho reversing 
levers, &c., are so placed that the crane can be very con- 
veniently handled by the man in charge, and the arrange- 
ment has altogether much to recommend it, We under- 
stand that Messrs. J, H. Wilson and Co. have become 
the sole licensees for the construction of these crabs. 








Tue InstTiruTIon OF Civit Enarinzmrs.—At the 
meeting on Tuesday, the 6th April, Mr. W. H. Barlow, 
F.R.S., President, in the chair, it was announced that the 
Council had recently transferred Messrs. William Adams, 
Frederick John Johnstone, John Lewis Felix Target, 


Arthur William Nairne and Edward Wilson, to 
the class of members; an admitted Messrs. Harry 
Bird, James Briggs, Walter Joseph Coles, Edwin Chambers 
John Devis, Richard Philip Fleming, Oliver Herbert 


Harrison, Frederick Fraser Miller, Herbert Barrington 
Pyne, James Charles Shears, Arthur Hindhaugh Shield 
ward Stables, William John Patrickson Storey, a 
Walter Page Turnbull, as students. The monthly ballot 
resulted in the election of six members, viz., Messrs. 
Robert Baillie, London Yard, Isle of ; William 
Fothergill Batho, Westminster ; James Dillon, Dublin ; 
Charles Henry Leopold Kthl, Resident Engineer, European 
Commission of the Danube; Charles Yelverton O’Connor, 
Hokitika, N.Z. ; and Arthur Sopwith, Cannock Chase Col- 
lieries ; of sixteen associate members, viz-, Messrs. Richard 
Francis Alford, Westminster ; John Allsopp, hg rad to 
the Local Board of Walsall; Arthur Ernest win, 
Stud. Inst. C E., Dock Works, Milford; William Belton, 
ingineer and of the Shrewsbury Gas Works ; 
Philip Henry Brown, late of the Indian P.W.D. ; Charles 
George Clarke, Hull; William Cooper, Superinten En- 
ineer, P. and O. 8. N. Co., Bombay; Rodolph Fane 
He Salis, B.A., Westminster; John Thomas Earnshaw, 
Borough Surveyor, Ashton-under-Lyne; Charles James 
Grierson, Stud. Inst. C.E., Joint Railway Office, Birken- 
head; William Henry Jones, Stud. Inst. C.E., G. W. 
Railway, Reading ward Tickell Lang, late of the Indian 
P.W.D. ; Howard Vincent Newton, Assistant 
M Engineer of Si Isidore Spielman, Stud. 

to H. h of Chumba (Panjab) ; 
Wade, ev cherd Anderson, of 


Tust. C.E. Westheusnodamnen We 
Resident Engineer to H.H. the Ra 
atid George 

Messrs. R, 8. Newall aud Co., was made an associate. 
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THE FORM OF RIVEITED JOINTS. 
First Report of the Committee of the Institution of Me- 
chanical Engineers. 

(Continued from page 256.) 

IV. Resistance to Shearing of Iron and Steel Rivets in 
Steel Plates.—As the form of the joint does not appear 
sensibly to affect the resistance to shearing of the rivets, 
the whole of the shearing results for steel plates are grouped 
in the annexed Tables. 

The average values are as follows : 





Description of Joint. | Authority. 


Shearing Kesistance 
of Rivets in Tons 
per Square Inch. 





Punch 
Drill | 
Punch | 23 


Iron Rivets. 
Lap sw one os ---| Martell and Knight 
...| Parker ace an 


Butt (one experiment). +.» | Martell 





Steel Rivets. 
Lap, single rivetting “ eine} 


” ” 


Lap, double rivitting 


- . Punch | 19.85 
Lap, treble rivetting... «+. | Mar - +| Drill | 26.91 
e » (chain) |Parkerand Denny...) ,, | 24.65 
19.20 
22,72 
24 93 


Panch 

Drill | 23.67 
Punch | 23.99 
Drill 24.86 


Shar, Martell, 
ae { and Kirkaldy 
--|Sharp and Martell ...| 
ose ae Anderson 

te " ° 


” ” (zigzag) ” ” 
Lap, quadruple rivetting ... om =| 
Butt, single rivetting . {wn stne reig } | Pa 
double rivetting wel 9 a 





V. Resistance to Tearing of Steel Lap Joints.—There is 
only a single experiment on a single-rivetted steel lap joint. 
Those on double-rivetted steel lap joints are given in the 


annexed Table. 
The following are average values for double-rivetted steel 


lap joints, derived from the Table just referred to. 


| 





Tena- 


Apparent 
city of Joint 


Authority. 


Ratio of Tenacity 
of Joint to that 


Tenacity of Plate, 
of Pate. 





Tons 
p. 8q. in, Per ct, 
..|Martell oe 30,72 | 106.2 
..|Kirkaldy  ... : 
” ...| Easton & Anderson 
Annealed ... ...| Martell on 
Drilled, unannld. |Greig and Eyth 





Unannealed 


39.00 
26.98 
31.40 | 28, 
26.89 | 25.83 | 


| 104.4 
| 108.5 
104.1 








Discarding Mr. Kirkaldy’s result, the — tenacity of 
the joint is 21 per cent. greater than the shearing resistance 
of steel rivets. 

The 2 Camron on steel plates recorded in the two 
upper Tables on the opposite page have been commnu- 
nicated by Mr. W. Parker. The joints were made partly 
by Mr. Denny, of Dumbarton, and the specimens tested 
by Mr. Kirkaldy. They are interesting not only as filling a 
gap in the series of experiments, but also from the large size 
of the joints tested and the thickness of some of the plates. 

These experiments give the following mean values : 





y 


Rivetting. Authority. | 


Apparent Tenacit 


of Joint. 


| 


of Joint to that of 


Plate. 


Holes made by 
Tenacity of Plate. 
Katio of Tenacity 


| | Per ct. 
22.90 | 30.0} 76.3 
32.93 | 30.5} 108.0 


Parker and Denny Punch/ 
” ts " ” ” Drill 
Treble, steel rivets .. ” % ” 


Treble, iron rivets ... 
30.99 | 28.8 107.5 








| Mode of Rivetting. 











| 


Lap JOINTS BROKEN By SHEARING.—STEEL PLATES AND STEEL RIVETS. 





Holes made 
by 


| 


| 





Single 
Double’ 


” 


Single, steam. 


” 


hand 

steam eel 
- hydraulic .. 
Double aos 
Treble chain 


Treble zigzag 
Quadruple zigzag a 





Drill 
Punch 
Drill 


| Tons per 
square} inch. 
36.22 


Punch | © 


Drill 
Punch 
Drill 
Punch 


25.9 


28.93 


31.7 
29.1 
30,4 
275 
27.4 
27.3 
27.4 


Tenacity of 
Steel. 


” 
36,22 


28.93 
36.20 


TONS PER SQUARE INCH. 


STRESS AT MOMENT OF FRACTURE IN 





Tensile. Shearing. 


Crushing. 


Efficiency of 
Joi 


Remarks and Source of 


nt. Experiments. 





PSSSSSESERETTE 
SSSSSEIESSSAS 


_ 

bad 
~I 
on 





BoRBESVSESRESSS 
Sonn Sor SeBSEheeES 


bed 


25.91 








21.25 
19,51 





Per cent. 
41 


42 
70 


Henry Sharp. 


B. Martell. 
David Kirkaldy. 


Easton and Anferson. 
B. Martell. 

” 

” 


Greig and Eyth. 


Parker* 
” 3 
” 


in. plate. 


~ 
Cerro hed 


” 
” 
” 
” 





| plead 





* This series of experiments, on very large joints in plates } in. to 1 in. in thickness, 
having been made partly by Mr. Denny, of Dumbarton. The results were communicated by Mr. W. Parker. 


= 
n 


were made by . Kirkaldy, the joints 


Burr Joints BROKEN By SHEARING.—STEEL PLATES AND STEEL Rivets. 





Mede of Rivetting. 


| 


Holes made Tenacity of| 
b Steel, 


| 
STRESS AT MOMENT OF FRACTURE IN | 
TONS PER SQUARE INCH. 





| Tensile. | Shearing. | Crushing. | 


| Efficiency of | Remarks and Source of 


Joint. Experiments. 





Single rivetted ... ee 


” 
Double rivetied ,., 


” 


Double. ose 
Double, two covers 


Single no oe os 


| 
*| 
| 


| 
‘| 
| 


Tons per 
square inch.) 


Drill 
Panch 
Drill 
Punch 
Drill 


| 


23.68 
24.53 
36.62 
39.25 
21.60 
23.30 
25.03 
25.66 


27.23 


36.22 

” 

9 | 
36.22 | 
28.93 | 


28 








25.83 
2 


34.26 
35.12 
52.94 
34.02 
35.39 
37.65 
34.11 
31.96 
27.10 


Per cent. | 
39 |Henry Sharp. One cover. 

Two covers. 

e One cover, 

B. Martell. e 

| 


Greig and Eyth. One cover. 


” 


|W. Parker, jin. plate. 








Joints BRoKEN By SHEARING.—STEEL PLATES AND [RON RIVETs. 





Mode of Rivetting. 


Double-rivetted lap 


butt, one) 


cover eee eee 
Double-rivetted lap 


Treble-rivetted lap 


’ ” 


Holes made 
by 





Tenacity of | 


Tons per | 
square inch 


Iron. 


Tensile, Shearing 


|STRESS AT MoMENT OF FRACTURE IN 
TONS PER SQUARE INCH, 


Crushing. 





19.20 19.05 
16.70 | 93.39 
25.27 19.81 
24.71 .36 
24.86 
31.92 
31 84 
26.42 
29.22 
28.16 
25.55 
34.76 
34.95 


28.93 


i] 








CORAARDAINSS 
WMAGSwWNa es 


| 


30.00 


27.54 
25.27 
24.71 
24.86 
23 93 
23.88 
20.80 
20.22 
20.12 
20.10 
27.03 
27.12 


Efficiency of 


Remarks and Source of 


Joint. Experiments. 


| 
| 


_—_ 


Per cent 
49 B. Martell. 


” 
R. V, J. Knight. 
plate.* 


” 


Parker 


OF oe tind 2 ola oie a BI 





VI. Steel Butt Joints. —The bottom Table on the opposit 
gives all the results on steel butt joints : 
The following are “¥4- values for steel butt joints, the 
oa Se assumed unannealed if not otherwise 
described : 


Apparent Tenacity 


of Joint. 


Description. Authority 


1 
Tenacity of Plate 

Hatio of Tenacity 

of Joint to that of 





Unannealed. 
Double-rivetted. One cover 
Two covers 


” 


” ” 
” ” 


Annealed. 
Double-rivetted. One cover 
Two covers 











” 








* It is curious that in these experiments the tensile stress on the joint was generally greater (before the joint gave way by shearing) 
| than the ultimate breaking stress of similar specimens of the same material. They belong to Mr. Denny's experiments, mentioned in 
foot-note to Table of Lap Joints broken by Shearing. 


DovuBuE-RiveTteD Lap Joints, BROKEN BY TEARING.—STEEL. 





Mode of 
Rivetting. 


Holes 
made by 


Tenacity of 
Steel. 


} 
STRESS AT McMENT OF FRACTURE IN | 
TONS PER SQUARE INCH. 





Tensile. | Shearing Crushing. 


!Effiiency of 


Joint. 


| 


Remarks and Source of Informat’on. 








Tons per 
square inch, 
28.93 


| 
| 


| 





Per cent. 


Martell. Plate not annealed. Iron rivets. 
» “s Steel rivets. 


” 


” ” 


” ” 


Me annealed ” 
David Kirkaldy. (Assumed to be not 





annealed. 
Greig and hyth, (Assumed to be not 


annealed). 
Easton and Anderson. (Not 
nealed. Steel rivets. 


an- 
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Lap Jornts TREBLE RIVETTED, BROKEN BY TEARING.—STEEL PLATES, [RON RIVETs. 





| 


Mode Holes 
of Rivetting.| made by 
— 
—_——_——_ | 
Machire eos Drill 
” . ‘ Punch 
i Drill 


” eee! ’ 
” eee ” 
” oe ” 




















Remarks, 








STRESS AT MOMENT OF FRACTURE IN 
Tenacity of Tons PER SQUARK INCH. Efficiency of 
Steel, Joint. 
Tensile. Shearing. Crrshing. 
Tous per | 
square inch. Per cent. 
B12 35.38 182 26.79 79 
31.2 23.34 12.0 17.58 52 im 
28.8 22.47 12.2 16.85 54 pe 
31.6 32.75 17.6 25.76 73 
82.7 31.27 16.5 24.59 67 a 
30.9 36.11 16.1 24.32 77 a 
30.4 35.00 15.6 23.57 76 , 
28.3 29.88 15.7 23.31 74 “ 
28.2 30.14 15.8 23.51 75 ad 


erg? 


Parker § in. plate. 





Lap Jorints TREBLE-RIVETTED, BROKEN BY TEARING.—STEEL PLATES, STEEL RIVETS. 








of Rivetting. 


! 
| 


STRESS AT MOMENT OF FRACTURE IN 


TONS PER SQuARE INCH. 








—— 








Mode Holes made} Tenacity of, Efficiency of 
by | Steel. Joint, Remarks. 
| 
| | Tensile. Shearing. Crushing. 
— Tons per | 
square inch.! Per cent. 

~~ Drill 1.6 | 35.88 23.3 32.96 | 83 Parker, } in. plate. 
ial i 291 33.83 22.0 22.10 77 ae ae 
ana a 28.8 30.47 22.2 21.24 | 72 a er 
xe : 27.7 29.44 21.5 1583 | 69 ae te~ 
wal 2 27.1 25.34 18.4 18.91 | 70 arg 

\ 








* Chain rivetting. ‘Three rows of rivets. 


Dovus.E-RIvETTED Butt Joints, BRokEN By TEARING.—STEEL. 





t Zigzag, quadrople rivotting, 





Mode Holes 
of Rivetting. | made by 





Remarks and Source of Information. 





Drill 
Punch 
Drill 
Punch 


Drill 


” 


Machine os me 


” 


Punch 


” .- ” 


” or ” 


” 
Steam... a Drill 
vee . ” 
Machine A 
” ” 


” ee ” 














STRESS AT MOMENT OF FRACTORE IN 
Tenacity of TONS PER SQUARE INCH. Efficiency of 
Steel. Jvint 
Tensile. Shearing. | Crushing. 
Tons per 
square inch. Per cent. 
36.22 39.25 24.05 34.02 64 
je 43.63 25.80 37.43 70 
a 42.93 13.16 37.20 70 
a 39.11 11.57 33.56 63 
28,93 22.9 30.36 38.15 61 
is 24.6 14.02 34,02 63 
e 23.1 13,19 32.00 57 
- 28.7 16.35 39.68 73 
= 26.2 17.14 39.79 68 
29.15 24.64 14.02 34.00 65 
a 22.87 13.08 31.61 60 
- 28.72 16.37 39.70 75 
£6.20 30.8 14.31 41.59 60 
~ 33.70 15.66 45.49 67 
“ 36.81 15.42 44.49 68 
- 37.13 15.55 44.87 68 
“s 34.19 14.86 40.38 65 
a 34.92 15.17 41.24 66 
be 33.05 15.77 41.45 63 
pal 31.49 15.03 39.51 60 
a 33.00 15.75 37.78 61 
” 32.39 15.46 37.09 60 
i 32.31 11.48 47.82 65 
re 34.17 14.05 50.85 68 
25.83 30.21 14.30 41.19 60.4 
J 25.61 11.06 31.89 68.0 
28.1 22.04 16.4 21.92 59 
27.1 ps | 16.8 22.66 63 
27,2 27.7 21.6 47.95 716 


Heury Sharp. Steel rivets, One cover. 


” 
» 


« Two covers, 


Martell. Plates anneaied. Steel rivets, 


One cover. 


Martell, Steelrivets. Two covers. 


” 
” 


Boyd. Two covers. 


” 
” 


” 
” 
’ 


David Kirkaldy. ‘Two covers. Steel 
rivets. Plates annealed. 


” 


Two covers.” Oval rivets (steel). 


Greig and Eyth. Two covers. 


” , 
Parker. Two covers. ” 


” 
” 








” 
” 





These results differ so much that it has not been thought 


desirable to take the means. 


Mr. Martell’s and Mr. Sharp’s results give for the ap- | times c p 
recognised and admitted by naval officers and engineers, it 
ring ee he ggg te gen advantages pues - 
> to experiments le rr. 
rankland, F.C.S., the relative efficiencies of the oa pro- 
minent Welsh coals in relation to anthracite are as follows: 


parent tenacity— 
Punched joints 
Drilled 


Tons per sq. in. 
ee 


but the individual results are contradictory. 
(To be continued.) 





ARTIFICIAL COMBUSTION. 


On some Recent Experiments in Artificial Combustion.* 


By J. F. Fiannery, Member. 


In the first volume of “ 
hensive article from the 


N one —— cor - a compre- 
7 of Sir cer Robinson, upon 
the subject of “Coal Conmmption in’ Shi aD 
after showing the disadvantages that at! 

steam coal in the Navy—in some cases a loss of from 40 to 


50 per cent. by deterioration und 


cludes with these words: 


which a well 





suredly bring about, results will factory to 
their professional wey eave verb they will be conducive to the 


elsh steam coal, or the |. 
res of these coals, are in- | in 


best interests of the cou: 


can be no doubt the 
North Country coal, or any mixtu 





lergone in foreign stations— 
and the great and costly efforts that had been made to im- 
Prove the furnaces and fuel used, the gallant admiral con- 
J “We are convineed that if the | co 
—— of the great body of naval officers be judiciously 
led to the immense development of efficiency in the fleet 

y in the use of fuel will as- 


be obtained as satisf 


x b 
39.02 


of War ;” and | prod 
the use of Welsh 


war vessels, as, not 0: 


anthracite coal 


cme | for war ships, to the anthracite, or, as it is some- 


» “stone coal ;” and, although this fact is fully | tod with pricking the fire, alterations were made so as to 


a> (Irish anthracite) ... 
Anthracite (James and Aubrey) ... 
Duffryn oo one aie 


Added to the advantages of greater evaporative efficiency, 


and closer stowage, weight for weight, anthracite coal, by 


ucing no smoke, 


be og a valuable q 
ly is their position concealed,* but 
the heating surfaces of the boilers are not so liable to foul ; it 


ferior in economy for the purposes of marine consumption, 


Pounds of Water 


evaporated per 
cubic foot of Coal. 
eve 681.2 
ese 665.02 
ete 640.1 


for 


ion, and is not so liable to be broken 


mbustion. 


Notwithstanding these 
now almost entirely confin 
having come into general consumption as a steam 

because of its slow combustion, demanding great extent of 
firebar surface, and because of ii 


possesses greater cohesion, 

under transport or in a ship’s bunkers, and, containing 

little sulphur, is not 80 liable to decay and to spontaneous 

ualities the use of anthracite is 
to the drying of malt, ge 


very 


peculiar property of sudden 








* Paper read before the Institution of Naval Architects. 








* It will be remembered that the position 


the late engagement, was first rev 
her smoke, and but for thisshe night have never been dis- | the 
covered 


of the Huascar, 
ealed 


to the enemy by 






disintegration when put on the fire, causing it, if disturbed, 
to drop through the in small unconsumed parti 
pole > ween the bars are made small enough to 
avoid this, there is not, under ordinary circumstances, 
sufficient area for the admission of air, and the rate of com- 
bustion becomes less than ever. Quoting from a Parlia- 
men Return of Coal Trials, dated June 13, 1876, we find 
(Page ) that the relative efficiencies (water eva; to 
burned) of anthracite (pump quart) and Powell’s Duffryn 
are stated to be 9.43 and 9.44, but the speeds of evaporation 
are as 18.9 to 24.52 ; and the report from Portsmouth Dock- 
yard remarks : ‘‘ This latter (anthracite) could be burned in 
a given boiler with a loss of power of about 20 per cent., while 
the cost would be about 30 per cent. less;” and again 
(page 22) : ‘It does not appear thatit could be used alone if 
nearly the full power of the boiler in which it is burnt is re- 
quired although at slow it might prove economical.” The 
various reports contained in this return regarding the com- 
parative ellicie ney of anthracite for steam purposes are to the 
same effect. 

Some years ago experiments were made {at Southampton 
with a blast passing into a closed ashpit and under the fire- 
bars to quicken the combustion, but the great heat melted the 
bars after only a few hours’ work. 

The idea of promoting the rapid combustion of anthracite 
and at the same time keeping the firebars cool, by means of 
making the bars hollow and passing the blast through them, 
appears to have originated with Mr. R. W. Perkins, of 
Swansea, but the system, as developed by this gentleman, 
was very crude, and unfit for the special conditions necessary 
for use at sea. 

The writer therefore endeavoured to elaborate the system, 
and, after carefully working out the details and supplying 
several essential features, submitted it to Messrs. Penn an 
Sons. With the liberality that has always distinguished 
this firm, the matter was at once taken up, and Messrs. Penn 
decided to fitthe apparatus to the s.s. Elephant, and to make 
experiments at their own cost. The hollow bar furnace used 
is shown in the “ome (see next page). Fig. 1 is a longi- 
tudinal section of the furnace, rood me. the hollow dead-plate 
and hoilow bridge behind, with the perforated bars supported 
by them at either end. A is the main blast Pipe led from the 
centrifugal fan and supplying air to the hollow dead-plate 
B; A? branch blast pipe leading to the hollow bridgeC; D 
the hollow perforated bar, which is ~~ with blast at 
both ends from the hollow dead-plate B and bridge C re- 
spectively; D'toD®, are the ‘orations in the bar com- 
municating with the spaces between the bars so as to 
allow the air to pass out freely to quicken the combustion 
—and it may be here remarked that the fiercer the com- 
bustion produced by the blast the cooler is the bar by 
reason of the large supply of air passing through. ‘The 
joints by which the bars are attached to the hollow dead-plate 
are so arranged as to allow of the free contraction ex- 
pansion of} the bar without y song 27 J their air-tightness. E 
is a passage through the hollow bridge to allow air to pass 
into the combustion chamber. ‘ 

As anthracite is more liable than other coal to give off 
partially consumed gas, special arrangements were made for 
the supplementary mixture of air so as to fully consume those 
gases. ‘The frame of the fire-door F was so made as to com- 
municate with the hollow dead-plate B by the passage /, 
and so distribute a portion of the blast over the fire. 

Fig. 2 is aside elevation of the bar; Fig. 3 is a longitu- 
dinal section; Fig. 4 is a horizontal section; Fig. 5 a cross- 
section on line A B; and Fig. 6 a cross-section on line O P. 

The boiler of the Elephant is of the ordinary cylindrical 
marine type, and has two furnaces, each 2 ft. 10in. in 
diameter. The starboard furnace was fitted with the hollow- 
bar furnace with closed ashpit, and the port furnace was 
fitted in the ordinary way, so that, being worked alternately, 
ready comparison could be made of the performance of the 
new as compared with the ordinary system. 

The best Welsh steam coal and the best anthracite were 
used during the trials. 

After some pe wed trials made without recording the 
results, the first trial officially recorded was made upon the 
17th of April, 1879, and the summary of this and ten suc- 
ceeding trials will be seen on the following page. 

The four trials marked ‘‘A” were e with the hollow 
bars having the blast entering at the end nearest the fire- 
door, but it being found that the lead of the blast pipe inter- 
lead the main blast pipe clear of the anes see to separate 
the blast so that it entered the furnace at both ends. 
——— A' may therefore be left out of consideration, 
although it shows excellent results in point of economy. 

Experiments A*, A*, A+, and B® were made to compare 
the working of the ordinary furnace with and without the 
steam jet with the respective kinds of coal. The results of 
B® are without doubt the most favourable (as regards 
economy and speed of evaporation combined) obtained during 
the trials, but the bars were found considerably clinkered at 
the end of six hours’ trial, and the use of the quantity of 
fresh water (steam at 15]b. pressure passing through a 
nozzle lin. in diameter) necessary to produce the steam 
blast would be out of the question upon continuous service. 

The low economy given by the anthracite in A? is owing 
to the width of the space between the bars, which allowed 
much partially burnt coal to drop into the ashpit, the de- 
—— property of this coal being well known. 

‘he trials A® and A‘ may be taken as the standards for 
comparison with the hollow-bar furnace of the performance 
of the ordinary furnace with the respective kinds of coal ; 
observing that the excessive heating surface, in proportion to 

te surface caused by using one furnace only, might affect 
re! ‘aoe of A, and — same reer wre the too wide 

spacing for anthracite, might t A‘. 
Four ieiale’ of the hollow-bar furnace after alterations, 
ing anthracite coal, were made, but B* need not be con- 
as it was made to test the effect of the fan at diffe- 
rent speeds. We may therefore take as a fair statement of 





formance of the hollow-bar furnace the mean results 


of the trials B', B°, and B’, and: these are 25.51b. of coal per 


‘ 
9 
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EXPERIMENTAL FIREGRATE FOR ANTHRACITE FUEL; 


—— Fig. 1. —— 


S.S. “ELEPHANT.” 















































TABLE. 
Resulls of Experiments on board Messrs. Penn and Sons’ ss. ‘‘ Elephant,” with Artificial Draft Furnace 
and Ordinary Furnace. 





Description of Furn.co. | re 


Revolu- 


Dato. 


Mean 


per 


tions of Fan 


Minute. 


per Square 
Water per pound 


ReMARKS. 


oot per Hour. 
of Coal. 
of Coal includ- 
ing Coal for 
Blast. 


Water per Square 


Water per pound 





| Coal. 
| | 


ad | Foot per Hour. 


~ | Coal 
Fl F 


|» | Wb 











ct 


NOTES FROM THE SOUTH-WEST. 

Cardif.—The quantity of coal cleared foreignwise last 
week presented an increase of 18,554 tons over the ship-* 
ments in the previous week. There was also a fair demand 
for both house and steam coal, at rather improved prices, 
especially for No. 3 Rhondda, which was much inquired 
for. Iron orders still keep fairly prt. and large quanti- 
ties of iron are arriving at the docks, both by railway and 
canal, for export. The quantity ne last week was : 
Rails—to New York 1522 tons, to Madras 1320 tons, both 
by the Dowlais Iron Company ; to Portland 1559 tons, by 
the Rhymney Jron Company ; to Madras 174 tons, by Mr. 
E. J. Howard. Bars—to Bombay 750 tons, by the Llynvi 
Iron Company, and 25 tons by Messrs. Crawshay Brothers. 
Pig—245 tons to Philadelphia, by the Forest Iron and 
Steel Company. The patent fuel trade was not so brisk 
last week as was anticipated, this being the time of the 
year when good orders are generally booked for this com- 
modity, but hopes are coletainnl of an improvement 
shortly. 

The South Wales Coal Trade.—Some of the principal 
— companies and American liners are selecting Cardiff 
or coaling purposes, and the prospects so far of the season 
of 1880 are encouraging. Various substantial contracts 
have been entered into by leading firms. 


Blaenavon Iron Works.—The process of extension is 





16.47 | 948} 8.17 
24,00; 8.15 notknown 
8.9 | 


8.3 
91 


156 Feed temperature 51 deg. 


195 Safety valve loaded to 15 ib, bars 
| hot and clinkered, 
163) 

8.3 112) 

824 233 Furnace working with alterations. 
eve «+» Progressive trial in two hours sec- 
| tions. 

9.06 206|Ash-pit door open. 

8,46 234 This trial was eliminated as some 
| doubt was thrown upon the data. 


Anthracite 
Ditto 


} Welsh steam) 

Anthracite 
Ditto 
Ditto 


900 
nil 
nil 


nil 
1140 


Patont 
Common furnace with 
steam jet 
| { Common furnace no 
| steam jet 
Ditto 
Patent 
Ditto 


— going on at these works in view of increased 
orders. 


The Forest of Dean.—The staple industries are still 
dull, and for many weeks there has beena ual strength- 
ening of the reaction. Last week there was a slight im- 
provement at one or two of the leading collieries in the 
Cinderford Valley, against which must be set a continued 
suspension of work at a | colliery in West Dean. 
There is a probability of the colliery in question being re- 
started, but when is not known. The hardware branches 
30.34| 9.0 |notknown] 277|Blast stopped for forty minutes. have not Sy pene, and recently a falling off has appeared 
25.74) 7.82) 7.1 201'Coaled regularly every eight or ten | 8+ Some of the reopened iron mines. 

en) ane. yates a en = progress has been made within the 
339) last few weeks with a new range of coke ovens at Ynysfach 
Cyfarthfa, and Mr. Crawshay has now decided to extend 
the number to seventy, and to make additional railway ar- 


18.27 8.9 


14.37 
25.66 


‘ 
£ 
A 
A 
A 
A 
RB 
B 


10.25 | 
9.35 


990 
1250 


20.1 
25.0 


Welsh steam 
Ditto 


Ditto 
Ditto 





Ditto nil 
| Anthracite | 1290 


Ditto | 12380 


‘ee furnace with ) 
steam jet 
Patent 


8.6 

















Ditto 25.15 | 9.5 





Nors.—The furnace not in use was bricked up in the case of each experiment. 


square foot of grate surface per hour, 8.81b. of water, from 
normal temperature, per pound of coal, and 224 1b. of water 
per square foot of firegrate per hour. 

It may be here remarked that a column is in the Table, 
showing the economy after deducting the cost of producing 
the blast; but, as the fan and engine used though quite suit- 
able for an experiment, were not so suitable as though 
specially made and fitted for the purpose, and therefore not 
so economical, the figures in this pf m2 have not been quoted 
in the above com . 

an gem the mean results of the hollow-bar furnace 
burning anthracite coal with experiments A and A‘, it is 
seen that there is a gain of 40 cent. in consumption per 
foot of firegrate, as com with Welsh steam coal, and of 
77 per cent. as compared with anthracite on bars; a 
gain of O per cent. and 6 per cent. in evaporation per pound 
of coal; and a gain of 37 od cent. and 100 per cent. in 

firegrate. 





evaporation per square foot o 
_ It should be remarked that the bars show very little in- 
jury from the tests to which they have been subjected, show- 
ing that the passage of blast through them) when passed in at 
both ends of a long bar, or at single ends of bars in two 
lengths in the same furnace, is sufficient to preserve and keep 
them cool under a very intense fire, although parts of them 
were planed down to a little more than Fic. thick to in- 
crease the spacing. Scarcely any ash collected in the in- 
teriors of the bars and blast chambers throughout the ex- 
periments. 

The advantages of a system that will produce results like 
the above in comparison with the system at present in use 
are so obvious that it is unnecessary to dwell uponthem. It 
may, however, be remarked that a gain of 40 
evaporation per square foot of rate, without reduced but 
rather increased economy, is of itself an enormous advantage 

largely to economy of boiler space and weight on 
board , even after making full allowances for extra heat- 
ing surface in proportion to grate surface that would be 


per cent. in , 





required. If a donkey boiler were used for driving the blast, 
as would probably be the case in practice on board ship, 
steam would be raised more quickly than is at present the 
case, Again, if a given space and weight be available on 
board ship for boiler and bunker room, by economising boiler 
room and weight we i the ber of days’ coal that 
the vessel might carry. For example, to take the case of a 
vessel of 3500 indicated horse power, eight cylindrical boilers, 
and 300 tons of coal, or say three and a quarter days’ full 
consumption, if we assume this boiler efficiency in 
only 25 per cent., we might, with the same weight and space, 
about 380 tons of coal, or four days’ full steaming, 
ides reducing, in some degree, the first cost of the ma- 
chinery. The features which these experiments went to 
prove were, not so much the evaporative efficiency of anthra- 
cite in point of heat economy, but the speed, combined with 
economy of evaporation, and the durability of the firebars 
when ex to the intense local heat of anthracite. The 
results shown above are, it is thought, extremely encourag- 
ing, and go to show that with the system of direct applica- 
tion of the air blast through and around the furnace, and 
through both ends of the bars, great efficiency and economy 
are secured, and that the only drawback to the use of anthra- 
cite coal on board ship has been removed. It would be 
superfluous to say that this coal should now have very 
general adoption in Her Majesty’s Navy, and on board 
yachts on account of its cleanliness, economy, non-explosive 
character, absolute smokelessness, and strength under trans- 
portation, along with th» absence of deterioration from evapo- 
ration in the tropics. 

Inferior coa! could be used with this furnace without re- 
ducing the power of boilers, and the present Admiralty policy 
< peometing the use of foreign and colonial coal would be 
faci 


The height of the funnel might be much reduced by the 
use of this furnace ; ot indeed the funnel in ite usual applica- 
tion need not be fitted at all. 








rangements which will be carried out forthwith. Amongst 
various projected changes are the connexion of Cyfarthfa 
with Ynysfach by railway,!and the discontinuing the use 
of horse power in taking the burning cinders from the 
works. This will be done by steam power and ropes. 


Merthyr.—There has been a considerable lull for the 
past few weeks, both at Cyfarthfa and the Dowlais Works. 
At Cyfarthfa it would appear that the works were almost 
brought to a standstill, owing to the orders having entirely 
ran out, but, luckily, some other orders afterwards came 
in, which, together with a little stocking, have enabled 
operations to be continued. The works are not by any 
means, however, so fully employed as they were a little 
while ago. At Dowlais the works have been carried on 
nearly the same as previously, although here, again, orders 
have ) Som scarce, and stocking is said to have been resorted 
to for the purpose of keeping the men together. The coal 
trade is brisk throughout the district, but notwithstanding 
the great start which has been given by the =, in- 
creased consumption of coal by the iron works, prices have 
not risen to any material extent, and it would appear that 
the amount of coal sent into the market is still in excess of 
the demand. 


Swansea Harbour Trust.—At a meeting of the Swansea 
Harbour Trustees on Monday, a resolution was passed in 
favour of constructing a bridge across the Neath river at 
Briton Ferry, with a view to facilitating the transport of 
coal to the new East Dock. 


The South Welsh Coal Miners.—An important manifesto 
addressed to the representatives of the Monmouthshire 
and South Wales Coalowners’ Association, with reference 
to the sliding scale, has been issued by the house coal col- 
liers. The men raise objections to the new scale on six 
points, and pray for a ideration and modification of 
certain clauses which, as they now exist, are said to be 
disadvantageous to the house coal men of South Wales and 
Monmouthshire. 
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THE|NORTHERN RAILWAY OF FRANCE. 


/BECQUE, ENGINEER-IN-CHIEF, 





, Description, see Page 303.) 
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EXPRESS LOCOMOTIVE; NORTHERN RAILWAY OF FRANCE. 
M. E, DELBECQUE, ENGINEER-IN-CHIEF. 





Fig.3. 


BALANCED DOORS FOR BULKHEADS. 


THE loss of the ironclads Vanguard and Grosser 
Kurfurst after collision, through the impossibility of 
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closing the water-tight doors communicating with their 
compartments, directed public attention to the means by 











which these doors are worked at sea, and many im- 
proved plans were proposed, involving in some cases the 
cost and complication of hydraulic gear. The most usual 
plan has been to lower and lift the door by means of a 
screw working in a nut fixed to the door, which is 
generally kept open, and only closed in case of accident 
occurring, in which case it could be closed only by turn- 
ing round the screw within the nut, a process at all 
times slow and laborious, and so liable to become im- 
possible on account of corrosion of the screw, that the 
authorities found it necessary to have means provided 
by which the screw could be turned from the upper deck, 
requiring frequently the use of bevel gearing for that 
purpose. Mr. ©. R. Simey, of Sunderland, has intro- 
duced a plan by which the closing apparatus is rendered 
entirely unnecessary, as he proposes to keep the doors 
always closed except when it is necessary for any one to 
pass through, in which case he opens the door and closes 
it after he enters the next compartment. To effect this 
each door D (see sketch annexed) is balanced by a counter- 
weight W, working in a suitable casing O, the result being 
that no great energy is required to open orclose the door 
from either side ; by this arrangement the communication 
to the upper deck may be entirely dispensed with, and the 
frequent opening and closing of the door insures its 
being kept in perfect working order. In the case of 
bunker doors, which are most difficult to work when 
fitted with nut and screw, a hood is fitted around the 
upper part of the door, which has the effect of preventing 
the coal from pressing against it, and this enables it to 
be worked with ease at any time. 


EXPRESS LOCOMOTIVE; NORTHERN 
RAILWAY OF FRANCE, 

THe express locomotive for the Northern Railway of 
France, of which we this week publish a two-page en- 
graving, and a transverse section of which we also give 
on the present page, belongs toa class which was de- 
signed originally after the type of express engine 
formerly used on our Great Northern Railway, with such 
constructive differences in its details as has made these 
ta be more in harmony with French ideas. The most 
noticeable points of difference consist in the substitution 
of the box link for the open link, of a square valve rod 
sliding in a fixed guide instead of the common valve rod 
suspended by pendulum links, in the employment of the 
regulator with horizontal slide valve and external steam 
pipes, and in the cylindrical shape of the smokebox and 








the mode of fixing it to the cylinders, the latter being 
for this purpose provided with a suitable saddle. 

Twelve engines with firegrates of the size usual in 
this country, having two coupled axles behind and a 
single carrying axle in front, were being built for the 
Northern Railway of France when the Franco-German 
war broke out in 1870, and these gave so much satis- 
faction that it was resolved, after a good deal of con- 
sideration, to keep to the inside cylinder engine for 
working express trains. Nevertheless, with a view 
to the reduction of locomotive expenses by burning a 
cheap class of fuel, namely, coal] freee, on ex- 
perimental engine with a large firegrate of the Belpaire 
type was built in 1873, and the economic results at- 
tained with this locomotive were considered so satisfac- 
tory that 27 engines with this enlarged firebox were 
built between 1874 and 1877, 

About this time the requirements of the traffic 
suggested to M. Delbecque, the engineer-in-chief of the 
Northern Railway, the idea of running express trains 
over portions of the line on which there occur frequent 
curves of small radius, and it was decided to build an 
experimental engine with a four-wheeled bogie in 
front instead of the single carrying axle, the conditions 
laid down being that it should run easily round curves 
of 175 metres radius, It is from these two successive 
transformations that has been derived the engine which 
we illustrate in our present number, and of which we 
give here the leading dimensions and chief particulars. 

The cylinders are 16,22 in. in diameter and the stroke 
is 24.0 in., and as the diameter of the coupled wheels is 
6 ft. 10.6 in. the tractive force which the engine is 


2 
capable of exerting is a = 76.4 lb. for each 
pound of effective pressure per square inch on the 
pistons. 

Both piston rods and valve spindles are provided with 
metallic packings. The pistons are made of wrought 
iron; they are hollow, and each is in a single piece, and 
is fixed on the rod by being driven on to a conical seat- 
ing not screwed, the rod being only rivetted down at 
the front end. The slide valves are made of hard gun- 
metal, and provision has been made for lubricating them 
at will from the foot-plate. 

In the engine illustrated the firebox front and back 
plates are made of charcoal iron 15 mm. (0.59 in.) thick ; 
the firebox sides and the barrel are made of the quality 
equivalent to Creusét plates No. 6, and 144 mm, 
(0.566 in.) thick, The following are the main en- 
sions of the boiler : 


ft. in. 

Barrel, mean diameter .., sak oN. 4 11 
- length _... ove a o 28 

Firebox, — inside... oss one 7 5.3 

+ WEE, ‘seo. ces tee > 9 

i depth in front ... eee oo SB BS 

” at back ... . 8 3.7 


* eo 
There are 201 tubes, 11 ft. 5.8 in. long and 1.77 in, ex- 

terior diameter, the internal diameter being 1.61 in. 
The principal proportions of the boiler aro as follows: 


sq. ft. 
Heating surface: Firebox... cao 94.2 
Tubes (outside) 1069.4 
Total ove +» 1163.6 
Firegrate area wee > 908 ses ve 25.0 
Flue area through tubes disregarding fer- 
rules sis oe eee ate ave 2.85 
Least sectional area of chimney ... . 1.28 
Ratio of firegrate area to total heating 
surface eee eee eee see one 1 : 46.5 
Ratio of flue area through tubes to fire- 
grate area ... pi ia sak ‘i ee 
Ratio of least sectional area of chimney 
to firegrate BTC «se on oo oe 1:19.5 


The boiler is stamped for a working pressure of ten 
atmospheres, or 147 lb. per square inch. 

The wheels are of the stamped type now universally 
adopted in France, and were made at Couzon, at the 
works of M. Arbel, with whom the stamping process has 
originated, Their diameters are; 


ft. in, 

Coupled wheels eee ee eee eee 6 10.6 

Bogie wheels one toe se o 3 87 

* eee nome hind driving wheels 8 2.4 

Between traili w re A 
»» driving wheel aud the centre 

of the bogie pin a oes wo 9 3.4 

From centre to centre of bogie wheels... 5 10.8 

Extreme wheel base... ee « 20 3.2 
The tyres were all made by Krupp. The axles are 


made of a quality of steel equivalent to Krupp’s cast 
steel, and were drawn partly from a. works, and 
partly from two of the French steel producing establish- 
ments in the Loire district. Their dimensions in the 
bearings are as follows : 


Coupled axles, outside bearings 7.08 in. by 10.23 in 
0) .08 in. .23 in. 
oe mane gh o> pana 7.47 in. ,, 4.82 in. 
oy oe og nich te Fie om pf » ae 
ie, which is 0: centre pin type, is pro 
with catdlid otaes, and its axles are duplicates of the 
tender axles, these axles having bearings 5.11 in. in 





diameter by 9.45 in, long. 
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tons. 6005 ft. board measure white oak in dols. a railway bridge as calculable quantities. The increase of 

The pay a of the engine empty is 38.25 atl4dols ... 9 wae dea 84.07 the maximum force from impact, concussion, or other 

And in full working trim ose 41.55 Freight on rivets... be és 7.27 reasons, is, if not within the scope of accurate calculation, 

The distribution of the load is : Labour, manufacturing, and erect- at reef rate, within that of a safe conjecture ; for example, 

Trailing wheels ... — ... 13.55 ee eer ee nobody probably will assert that the increase of the forces 

Driving _,, wo 13.55 as acting in the main girders of a railway bridge from impact 

Bogie me ee ee Total cost 3008.18 amounts to more than 50 per cent. on the greatest moving 

’ Sesitihs Miniien Qenceth . Or about 6001. load, or that the wind pressure will ever be upwards of 

A locomotive of the type we have been describing wa Ib. 50 per cent. greater than it is known to be from observa- 
shown by the Northern way Company at the Paris Weight of iron in bridge ... 73,800 ton 

Exhibition of 1878, this ng an Po ype — a rails and floor ... 32,200 If then these 50 per cent. were regarded as part of the 

i i ’ ular wor —_— : ° 
which had done about eight months’ reg Total weight ... 106,000 factor f in the expression U. the formula would give false 


before entering the Exhibition building, with such 
satisfactory results that orders were given last summer 
for the supply of 20 engines of the same type, which 
are now in course of delivery. The Northern Railway 
of France having adopted the Smith-Hardy vacuum 
brake, supplemented by Messrs. Delbecque and Ban- 
derali’s method of working it by an automatic electric 
arrangement, the engine has been fitted with the re- 
quisite apparatus for that purpose. 








AMERICAN RAILROAD BRIDGES. 

We illustrate on page 306 a plate girder railway bridge 
(50 ft. span), which serves as a type for moderate 
spans with a double line of way, on some of the rail- 
ways controlled by the Pennsylvania Company. The 
one selected for illustration is on the Pittsburgh, Fort 
Wayne, and Chicago Railway (F. Slataper, engineer in 
chief). 

The live loads used for calculation of the bridge are 
two Consolidation engines and tenders, the weight of 
which are respectively 92,500 1b. and 50,0001b. The 
engines have eight coupled wheels 4 ft. Gin. apart, and 
each carrying 10,000 lb., and a two-wheeled truck carry- 
ing 12,5001b.; the tender has eight wheels, with 62501b. 
on each. Twenty per cent. was added to these weights 
to allow for “impact” of loads under full speed. The 
centre girder is proportioned for the load due to it when 
both tracks are fully loaded, the loads being placed in 
the most unfavourable position. The outer girders are 
proportioned for two-thirds the load on the centre girder, 
or for one-sixth more than the load due to them from 
the proportion of engine weight and percentage result- 
ing from load on one track. This one-sixth or 163 per 
cent. was added on account of the injurious effect of 
the load on the outer girders when one track only is 
loaded ; this effect is to cause a greater vibration and 
deflection in the light girder than in the heavy one. The 
results of this difference in vibration is shown by the 
shorter life of the light girders, and it is more apparent 
in “ pin-connected” bridges of short span than in others. 
It is seldom that both tracks are fully loaded with the 
maximum weight at the same time, and this was the 
reason for making the provision just referred to. This 
is sometimes done by making the centre girder carry 
from two-thirds to three-fourths the above load, and the 
outer girders to take half each, but in small spans where 
dead weight is rather an advantage than otherwise 
it is considered rather doubtful economy, considering 
the constantly increasing weights of American engines 
as plainly shown by the experience of the last fifteen 
yearn. 

The larger span (over-grade) bridges are not generally 
constructed with three girders when connected and 
braced overhead, 

For some of the railway bridges, other engines than the 
Consolidation cause the maximum stress in longitudinal 
girders and cross girders or floor beams, and their 
weights are used in the calculation, and jat present, 
indeed, the Consolidation type is not used on the lines 
of the Pennsylvania Company. The heavy passenger 
engines introduced on this system last year are more 
severe on certain floor systems than any in previous use 
on these lines. These engines have four wheels coupled 
and a four-wheeled truck; the load on each pair of 
coupled wheels being 25,725 ib. The tenders (eight- 
wheeled) weigh about 52,000 Ib. 

The unit strains used in proportioning the girder 
bridges of this type are as follows, the material being 
wrought iron: Tension, 9000 lb. per sqare inch ; compres- 
sion (built flanges), 8000 1b.; solid flanges of J beams, 
9000 Ib,; shearing strain, 7000 lb. Web sheets are 
neglected in proportioning the flanges. The iron used is 
tough, ductile, fibrous, and uniform in quality, with an 
ultimate strength of 50,000 Ib. and a limit of elasticity 
of 26,000 1b. per square inch, when tested in specimens of 
1 in, section, The elongation in 6 in. specimens averages 
15 per cent., and the reduction of area at fracture 25 per 
cent. 

The cost of the bridge we illustrate was as follows: 


lb. cents. dols. dols. 
26,965 plateiron ... _... at 24; 647.16 
12,293 mm (web sheets) 3,4; 381.08 
19,408 angle iron ... ese 2 485.19 
10.962 I beams... ime 2 301.45 
2.888 rivets ona pa 3 108.30 
—— 1923.18 
46 ~ uare —_, yh ng ; “ee 
copper, 12. . 
358 Ib. com. iron, 6.45 ° 3 
868 Ib. ditto, 19.53 dols. 25.98 
Painting, &o. ... ad oss ww. 20,47 
— 60,59 


The prices of iron, except for the plates, are those 
which were maintained in the United States for nearly 
two years previous to the late advance. The iron was 
contracted for just at the time the demand was increas- 
ing, and the web sheets being large could not be had for 
less than 3,4, cents perlb. The regular price for plates 
had been 24 cents for sheets over 30 ft. long, 3 ft. wide, 
and ,, in. thick. For sheets as large as 48 in. by 55 ft., 
which have been used in building by the Pennsylvania 
Company higher prices ruled. This (and all other work 
of the class) was built at the company’s shops, the prin- 
cipal being at Allegheny and Fort Wayne, on the Pitts- 
burgh, Fort Wayne, and Chicago Railway, and at Wells- 
ville. The shops have no special tools for building these 
bridges, and their cost is about the same as if they were 
contracted for; the character of the work is very good. 


THE STRENGTH UF IRON STRUCTURES. 
To THE EDITOR OF ENGINEERING. 

S1r,—I hope you will ¢ me a moderate space for a 
brief summary of the subject which I have brought to the 
notice of your readers, but before doing so I am compelled 
to make three remarks upon Professor Kennedy’s last 
letter because he refers to me on three counts. 

1. The term ultimate resistance, which he seems to 
use in his last letter for what is commonly called the 
breaking strain and in his letter of 12th ult. for the vary- 
ing resistance to fracture of Wohler’s experiments, does 
not occur in any of my communications. The latter ex- 

ression, which I did use, was not intended to signify the 
reaking strain. 

2. If the particular point which Professor Kennedy 
claims to have estublished is that the limit of elasticity is 
raised under certain conditions, then I am not aware of 
having said anything against it ; if however it is that we 
ought to apportion the sectional area of a bar to the 
qulinery limit of elasticity and not to the resistance to 
fracture, then I disagree with him. 

8. I did not wish to imply that a bar reduced to half its 
area by corrosion or by flaws has always exactly half its 
strength left ; if I had said, “one » generally less, 
sometimes more,’’ it would have been better, while it would 
have served my purpose equally well. 

I ‘now state once more the Launhardt-Weyrauch 
formula : 
min. force 
max. force 

@ is here the coefficient which, if the greatest calculated 
force in a bar is divided by it, gives its sectional area. 


uw is equal —, i.e., a constant ascertained by Wohler’s 
experiments divided by the factor of safety. 

oy coefficient for wrought iron introduced by Wey- 
where B is 


a=uf1+} 


rauch in place of Launhardt’s expression > 
the breaking strain. His reasonsare stated in his well- 
known pamphlet.* 

The numerical value } is derived from experiments, and 
being dependent on the material, it is like all such co- 
efficients only approximate ; but there is no reason why it 
should be r ed with less confidence than any other ,co- 
efficient of that kind. 


Min. force . . a ake ‘ 

—-——_— is a fraction which is posit 

——— raction ch is positive, if both forces 
are tensile, or both compressive, and negative if one is 
tensile while the other is compressive. 

_ If the formula is to be in conformity] with an exist- 
ing rule, like that of the Board of Trade of England, which 
allows 5 tons per square inch, but with ter restrictions, 
u is simply to be chosen so as to suit that rule, and I have 
expressed my opinion that this would best be done by 
putting u=4. This give a factor a generally less than 5; 
it gives more than 5 (but alweys less than 6) only for the 
flanges and some other parts of i | heavy girder bridges, 
and these coefficients larger than 5 would have to be re- 
duced so long as the [Board of Trade rule exists. If, on 
the other hand, the formula is to be used independently of 
any existing rule, the factor of safety has to be chosen, and 
in order to do this it is necessary to answer the question : 
What is the reason for applying a factor of safety, or rather, 
what is it to be in future? Formerly the matter stood thus: 

To say, a structure has a fourfold safety, if it would 
break down, in case its strength were mced to one- 
fourth, was synonymous with saying a structure has a four- 
fold safety, if it would break down in case the fourfold load 
were ap -~ to Se is not ” now, since we = 
account the repeated strains, and it is necessary to decide 
in favour of the former definition. 

I have expressed my view that the factor of safety should 
be regarded as mainly owing to the defects of the material 
or the workmanship, i.e., that we should use it mainly 
because the structure = now, or at a future time, 
several times weaker we wish. This requires 


specifying. 
It is reasonable to regard the forces acting in the bars of 








* The only authorised English translation by A. Jay du 
Bois, Ph. D. New York Jeon Wiley and =. 1877. 





results, because they should be treated as an increase upon 
the maximum force in the formula, and the coefficient a ies 
derived should be divided into this increased maximum force. 
The resulting sectional area is greater than that resulting 
from an increase by 50 per cent. of the factor f/. If we 
should find that the increase in the maximum force due to 
this _— hed Bm and A& it is not an — occurrin; 
regularly, at rare in , We may per with 
reason dis it entirely or partially, quntiieclen that 
the new method gives us a margin for such occurrences. 
But whatever we do, we ought to make the necessary 
allowances in our diagram of forces, and not suppose 
on he can deal with it satisfactorily by increasing the 
actor f. 

The case of an increase of strain in a bar owing to care- 
less manufacture or erection is different. I will only direct 
attention to the initial transverse strains which are always 
im) to the members of a rivetted girder when the 
rivet-holes do not fit and force is applied to make them fit ; 
and to the alterations of the strains in continuous struc- 
tures, if they are forced to take their bearing on points 
whose levels are incorrect. 

In most of these cases, if not in all, a movement of the 
upper strain-limit is accompanied by a movement of the 
lower, the range between them remaining constant. It is 
therefore not necessary to regard this increase of strain as 
an increase upon the maximum force, and it is more than 
sufficient to regard it as an increase upon f, for this would 
be right, even if the lower strain-limit followed the upper 
one by proportion instead of by an equal amount. The 
defects of the material naturally belong to the factor /. 

Since, therefore, it is not correct to mix up in one factor 
on the one hand the increase of the forces, and on the 
other the increase of strains, owing to uncontrollable 
initial strains and defects of the material, and since it 
would be inconvenient to give the same name to two 
different things, it seems natural that the established 
name of the factor of safety should be applied to the most 
important thing, viz., to the factor f, which is the factor 
for bad workmanship and bad material generally. 

With regard to the proper basis of strength, I Setters I 
have shown that for the calculation of railway bridges the 
only feasible basis is the resistance to fracture under given 
conditions, and that the limit of elasticity—be it the 
ordinary or any higher limit of elasticity—is only of inte- 
rest in so far as the resistance to fracture (of Woéhler’s 
experiments) seems to depend upon it. Whether this is 
likewise the case for machinery, boilers or ships’ hulls, I 
am not prepared to assert. 
T am, Sir, yours truly, 

M. am ENpDE. 
3, Westminster Chambers, 8.W. 





To THE EpITorR oF ENGINEERING. 
S1r,—In his first letter (published March 5, 1880) Mr. 
am Ende states that Wohler’s ,experiments conclusively 


prove : 

1. That a bar may be broken by a strain less than its so- 
called breaking strain, if such strain be applied a large 
number of times. 

2. That this strain will be less, the greater the number 
of repetitions of its application, up to a certain limit, and 
that if the number of repetitions considered as infinite 
the minimum strain which would cause fracture would be 
arrived at. 

So far, we may admit, but Mr. am Ende goes much 
further. If a bar be brought alternately from a strain 
to a higher strain A (such strains being either both tensile, 
both compression or alternately tensile or compression) Mr. 
am Ende asserts implicitly that the same law obtains and 
that there is in every case a limiting value of the range 
A to C which if applied an infinite number of times will 
break the bar. 

In the case of C=0, A becomes the limiting strain, which 
if applied an infinite number of times alternately with zero 
would break the bar. 

This limiting strain he calls U, and he gives the following 
formula deduced by Weyrauch from Wohler’s experi- 
ments : 


A=U 1+if), 
this may be put into the form 
U NL CU 
A== + > ee 
Sia + * 2 


In this equation (for the same material) U is a constant, 
and Mr.am Ende takes it=12 tons for wrought iron, of 
which the breaking strain is 22) tons per square inch. _ 

Working out the values of A and C from this equation 
we get the following results : 














Value of C.| Value of A. Range of Strain. 
0 12.000 12 - 0=12 

5 14.124 14.124— 5= 9.124 

10 15.797 15.797 -10= 5.797 

15 17 227 17.227 -15= 2.225 
18 18.000 18 -18=0 
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Now, when C=A there is no alteration of strain; in 
other words, it is the application of a fixed permanent load, 
and therefore according to the formula the bar should 
break with a load of 18 tons, its real breaking load being 


tons. 
a the formula to negative values of C, we find 
the results following : 

















Value of C.| Value of A. Range of Strain. 
0 12.000 12.000—0—12 
aa 11.477 11.477 + 1=12.477 
ail 10.489 10,489 + 2—12.489 
— 10.242 10.242 + 2—13.442 
—4 9.464 9.464 + 413.464 
a 5.449 8.449 + 5=13.449 
«ll 6.000 6.000 + 6= 12.000 











If C (negative) be greater than 6 the equation fails, as the 
quantity under the radical becomes negative. 

It is therefore evident that this equation cannot truly 
represent the conditions of a bar, and varying and repeated 
strains. 

In replying, in your issue of March 19, to Professor 
Kennedy’s remarks of the preceding work, Mr. am Ende 
brings forward another formula deduced by Launhardt 
from Wohler’s experiments. 

It only differs from Weyrauch by the numerical co- 


efficient of the term zx? and is opento the very same objection 


as Weyrauch’s. 
The final formula being 


Cc 
=U il ps 
A ( sae 
gives 
cage 
Azws = él > 
; 7 +nCU 


and whenever C is negative, and n c7t the equation be- 


comes impossible. 
In Launhardt’s formula this is the case when 
C (negative) > .3 U 
and in Weyrauch’s when 
C (negative) > .5 U. 

No doubt these formule, being empirical, cannot be ex- 
pected to hold true without limit, but certainly a formula 
which entirely fails when the inferior strain (negative) is 
three-tenths, or even one-half of the fundamental strain, or 
as it is called ‘‘ Urspringsfestigkeit,’’ and which at the other 
extreme makes a bar incapable of sustaining more than 18 
tons, whilst its real breaking strain is 22} tons, cannot be 
entitled to much confidence. 

The controversy between Mr. am Ende and Professor 
Kennedy seems now reduced pretty well to this, ‘‘ Ought 
an engineer in designing a structure to apply his factor of 
safety to the ‘‘ elastic limit,”’ or to the ‘* breaking strain”’ 
of the material ? 

I entirely agree with Professor Kennedy, and I maintain 
that when any structure is subjected to strains which 
create a ‘‘ permanent set,’’ in other words, which exceed 
the limit of elasticity, elements of danger are introduced 
which in many cases, if not all, baffle tion. 

“* Permanent set”’ not only means distortion of form, but 
it means alteration of the elastic limit, and whenever a 
structure after completion is subjected to these influences, 
it we ‘eo and in many cases, impossible, to predict the 
result. 

I do not deny that by giving a ‘‘ permanent set’’ we can 
raise the elastic limit ; but what I do strongly insist on is, 
that this should be effected, if at all, before and not after 
we put the material into the structure. 

_To this rule there may be exceptions, as in the case of 
Sir William Palliser’s guns, where it is very probable that 
the extraordinary results he has obtained may be mainly 
due to the ‘‘ permanent set,’’ and consequent increase of 
elastic limit of the inner tube caused by the first few heavy 
charges, but for structures like iron bridges I think the rule 
is absolute. 

I am, yours truly, 
J. A. LONGRIDGE, 

Broadway Chambers, Westminster, April 14, 1880. 








FOUNDRY ARRANGEMENT. 
To THE EDITOR OF ENGINEERING. 

S1z,—I shall esteem it a favour if any of your readers 
can recommend me a work giving reliable information as to 
the best plan of proceeding in laying out and starting a 
small foundry to cast 2 to 3 tons of general engine and ma- 
chine castings per day. 

Yours truly, 


London, April 13, 1880. FounpRy. 


ABINGDON SEWERAGE. 

At the meeting of the Institution of Civil Engineers held 
on Tuesday, the 13th of April, Mr. W. H. Barlow, F.B.S., 
President, in the chair, the first paper read was on the 
; Sw Sewage,” by Mr. Charles Foote Gower, M. 


Being under notice to desist from any longer discharging 
the sewage of their town into the River Thames, the 
authorities of Abingdon called upon Mr. Bailey Denton, 
M., Inst. C.E., in the year 1874, to advise them as to the 
best means of dealing with the sewage, so as to satisfy the 
requirements of the Thames Conservators. Mr. Denton 








having, with the assistance of the author, made an i 
tion of the town and neighbourhood, 
20 acres of land 
cleansing the 


should be acquired, for the purpose of 
sewage by intermittent filtration, and gave 








at the same time a general description of nape = 
sonia pumping-station, and other works since i 


ou 

The population of Abingdon was about 6000; but pro- 
vision 7 been e, in the construction of the works, 
for a least 10,000 persons. The normal flow of sewage, 
when undiluted, was taken at 250,000 gallons per day. 
The ordinary level of the Thames at Abingdon was 162 ft. 
above Ordnance datum. In flood time it reached nearly 
167 ft. The River Ock was kept up for the purpose of 
working mills at a level of 168 ft. The surface levels in 
the streets of the town varied from about 170 ft. to 200 ft. 
above Ordnance datum. The subsoil water in that part of 
the town a to the Thames accorded pretty nearly 
with the river level, 162 ft. ; butin other parts of the town, 
previous to the carrying out of the sewerage works, it was 
regulated by the level of the Ock Mill Stream, and the con- 
sequence was that it sometimes rose, in wet seasons, almost 
to the level of the streets, and proved — to the 
health of the inhabitants. The sewers in Abingdon were 
formerly very inadequate for the duty required of them ; 
they had been retained, however, in connexion with the 
street gullies, to off rain water from the streets. 
The level of the land selected for the purification and 
utilisation of the sewage varied from, 165 ft. to 168 ft. 
above Ordnance datum. From the general surface height 
and contour of the town, it was impracticable to bring the 
sewage on to this land without lifting it from 10 ft. to 
20 ft. from the invert of the outfall sewer. In the design 
for the new sewers no rain water was to be admitted 
except from back-yards, roofs, and other surfaces, from 
which it could not economically be kept out. Having 
regard to the purification of the sewage, and the necessity 
for pumping, every precaution was therefore taken to kee 
the quantity to be dealt within definite limits. The leve 
of the subsoil water in Ock-street and other places had 
been reduced by laying separate drains, open jointed, 
beneath or contiguous to the sewers. } 

In laying the sewers the joints were caulked with tarred 
gasket and cement, and in some cases were bedded and 
surrounded with concrete, or clay puddle, to prevent the 
ingress of subsoil water or the escape of the sewage into 
the surrounding soil. Meanwhile, the town having been 
without a public water supply, ments were made 
for flushing the sewers by inlets from the river, and from 
other sources. The main outfall sewer from the town was 
18in. in diameter, and was capable of discharging 2,000,000 
— in twenty-four hours, being eight times the estimated 

ry-weather flow of sewage. The secondary sewers in the 
town consisted of 15-in., 12-in., and 9-in. pipes. The lower 
portion of the ontfall sewer was 3ft. 6in. in diameter, and 
served as a reservoir to hold the night flow of sewage, 
in connexion with the pumping station. This sewer was 
at times subject to considerable internal pressure from 
the sewage collected in it, as well as to external pressure 
from the subsoil water outside being 8 ft. below the 
ordinary level of the Thames. Each engine could 
pump 400 gallons of se te minute; thus both 
engines working together an ift above 1,000,000 gallons 
day. In connexion with the engines, a storm overflow 
rom the pumping reservoir had been provided, to relieve 
the latter in case of heavy storms, floods, or accidents to 
the engines ; upwards of 100,000 omnes must flow into the 
reservoir before any overflow could take place. This pro- 
vision was more than enough for the night-flow of sewage, 
if the reservoir was pumped empty at the close of the day. 
The cost | the i the charge town — been 87501., includ- 
ing a portion of the c e for private connecting sewers, 
which were executed by the eonlenaier for the main sewers 
up to the boundaries of private properties on each side of 
ee < ey The —_ of - ngines and paoie, station, 
inclu encing o , weighing machine, and sewage 
remy Fe been 25001., of which sum the engines cost 
about 8001. The annual cost of pumping for the last two 
years had not exceeded 1501. ; but with an increase of water 
supply it would probably be somewhat greater. The area 
of land acquired by the Corporation of Abingdon was 
more than double what Mr. Denton at first proposed. 
The farm, with cottage and buildings, was let at an annual 
rental of 41. 10s. per acre, ‘the ne semana pumping the 
sewage. The works were practically completed in 1877, 
and from that time, with but little exception, the Thames 
had been free from Abingdon sewage ; the land first received 
it, and after passing ugh the soil, the effluent water 
flowed into the river. Samples of the effluent were found by 
analysis to be better in quality than the water of many 
of the wells in use in the town. The sewers were freely 
ventilated throughout the town by shafts, which were also 
used for inspection and for flushing. The latter operation 
had to be put into force at least twice a week, owing to 
the comparatively sluggish flow, the amount of water used 
for domestic purposes being very small. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade,—Yesterday there was a 
numerous attendance on ’Change at Mi breugh, but 
the amount of business transacted was very 8 - The 


Glasgow market being reported weaker, there was a f: 
decline here, and No. 3 Cleveland pig was quoted 
chants 50s. per ton. Buyers only offered 49s. to 49s. 6d. 

r ton for that quality, while makers held out for 52s. 

essrs. Connal and Co., the warrant storekeepers, had in 
stock yesterday 92,370 tons, being a reduction of 2844 tons 
on the week. They are busy with deliveries ex-store. At 
Glasgow they have a stock of 438,662 tons. It is hoped 
that after the excitement of the elections has abated, steady 
business will follow. 

The Finished Iron Trade.—There is little to say with 
regard to the finished iron trade. Prices are about 
same as last week, but keen buyers declare that they can 





obtain all they require at quotations far below those 
by manufacturers. 


The Wages Question in Cleveland.—To-day (Wed ) 
there has been a mass meeting of patter Yano -the 
Sea, and the result of the gathering has allayed many fears 
and apprehensions. For the pe week both the miners 
and the blast furnacemen have been greatly dissatisfied 
with the result of the accountant’s returns under the 
sliding scale arrangement, showing the average price of 
pig iron for the past quarter, the quotation is so low 
that no advance of wages iven. To-day the men 
have | and calmly considered the whole question, and 
instead of resorting to a strike, or throwing aside the 
sliding scale, they have resolved to appoint a deputation to 
go with their officials to the mineowners, and discuss the 
position of affairs with the view to amicably arranging the 
matter. It is expected that there will be no stoppage of 
work either at the mines or blast furnaces. 


Engineering and Shipbuilding.—Both these branche 
of industry continue in an active condition. 


The Coal and Coke Trades.—There is no change in the 
fuel trade. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
North Bridge over the Ure.—It is p to widen the 
North Bridge over the River Ure, near Ripon ; 50001. will 
have to be expended on the work. The local authorities 
propose to advance 35001. towards the completion of the 
work, 


The Hull New Borough Asylum.—A curious state of 
things has arisen in Hull with reference to the building of 
the new Borough — there. The plans of ‘‘ Lucidus 
Ordo’’ were found to be the most complete and economical, 
but were not adopted. The arrangements for the provid- 
ing of an asylum are thrown upon the justices of the 
borough, but the corporation have to supply the funds. 
A committee was appointed of the corporation to try and 
get the plans al , but they failed, and in their report 
make the following curious record: ‘‘The committee 
having exhausted all the means in their power to procure 
economy, desire it should be placed on their record, that 
the increase of expenditure from 80001. to 10,0001. will be 
caused by the istrates and the Lunacy Commissioners, 
and in the face of the strenuous opposition of this com- 
mittee and the council.’’ 


The Pontefract New Town Hall.—An effort is being 
made to alter the site of this building, many of the rate- 
being in favour of its wens more centrally situated. 

he matter has not yet been settled. 


Heavy Pumping.—The town of Hull is now receiving a 
daily supply of 5,152,467 ons of water pumped from 
two sources. It is stated that it takes 50 cwt. of coal to 
pump 1,000,000 gallons, and the cost on that account is 
22s. 2d. per million gallons for pumping. 

The Value of Training —_. —An effort has recently 
been made in Hull to remove the Audacious and Southamp- 
ton training ships from that port. The removal would, how- 
ever, entail a loss on the port of 20,0001. per annum and will 
not be carried ont. 








THE Roya AGRICULTURAL SocrETY oF ENGLAND.— 
oe at the Society’s forthcoming show at 
Carlisle should observe that the stock entries close on the 
1stof May next, not on the 1st of June as in former years. 





ENGINES OF THE NELSON; ERRatTuM.—We regret 
that in describing the engines of the Nelson last week, an 
error was made in the i of the screw propellers. 
In the propellers the two pairs of blades are not at right 
angles as stated, but one behind the other as in a Mangin 
screw. The blades are separated by a ter distance 
than in the regular Mangin screw, the distance being one- 
fourth of the pitch. The arrangement is in fact that which 
would be obtained if one pair of blades of an ordinary 
— screw was screwed forward along the thread of 

e screw. 


Tue TEMPLETON Famity.—Our attention has been 
directed by Mr. John Donaldson and Mr. Joseph 
Newton to the distressed condition of the widow and 
daughters (two) of the late William Templeton, well known 
in his day as the author of many valuable mechanical 
books. Poor Templeton, like others of his class, although 
an industrious and prolific writer, derived little substantial 
advantage from his labours. The copyright of each work 
had to be, and was, sold to the publisher as soon as com- 
pleted, in order, as he once said, ‘‘ to keep the pot boiling’’ 
at home. Since Mr. Templeton’s death, now some ten 

ears ago, Mrs. Templeton and the bereaved family have 
cn elo neo reduced circumstances. Indeed, but for 
the assistance rendered by certain kind friends, the family 
— pane gone — he a or — So long as 
sig! i iss Templeton, now 
lied her needle 





oe Ce of age, 74 : oe the support of “sy 
mo’ a moment, we believe, seventy-nine 
and an (Fisted sister. ' = : 


U This slender aid cannot any my 
be relied upon, and the condition of the family has now be- 
come most serious. We feel certain that this announcement 
will enlist the sympathies of engineers, and mechanical men 
generally throughout the kingdom, as well as abroad, and 
that it will be the means of evoking substantial aid for the 
needy family of a man who has undoubtedly rendered the 
classes named great useful service. For ourselves we 
may say that we shall be happy to receive contributions to 
that end, as will Mr. Desaliees (of Messrs. Thornycroft’s, 
Chiswick}, Mr. Newton (166, Fleet-street, E.C.), Mr. 
Blackett (of the Hope Iron Works, Southwark Bridge- 


the | road), or poor Mrs. Templeton herself at 26, London- 


street, London-road, Southwark, London, 8.E. 
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We beg to announce that we have appointed Mr. Lenox 
Smith, 46, Pine-street, New York, the sole agent for Enai- 
NEERING in the United States, and all subscriptions for the 
United States will in future be payable to him. Mr. Lenox 
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NOTICES OF MEETINGS. 

INSTITUTION OF CIVIL ENGINEERS,—Tuesday, April 20th, at 
8 p.m. Discussion on “‘Sewerage and Drainage orks,” and, 
time permitting, “The Amsterdam Ship Canal,” by Harrison 
Hayter, M. Inst. C.E. 

THE METEOROLOGICAL SOCIETY.—At the Institution of Civil 
Engineers, 25, Great George-street, Westminster, on Wednesday, 
the 2ist inst., at 7 p.m., the discussion on Mr, W. Ellis's paper 
“On the Greenwich Sunshine Records 1876-80," will be resumed, 
after which the following papers will be read: “On the Rate at 
which Barometric Changes traverse the British Isles,” by G. M. 
Whipple, B.Sc, F.R.A.S., F.M.S. “A New Form of Six's Self- 
registering Thermometer,” by J. W. Zambra, F.M.S. 

NSTITUTION OF MECHANICAL ENGINEERS.—Thursday, April 
22nd, and Friday, April 23rd, at 25, Great George-street, West- 
minster, by the kind permission of the Council of the Institution 
of Civil Engineers. The chair will be taken by the President at 
7.30 p.m. on each day. The following papers will be read and dis- 
cussed: “Remarks on Chernoff's papers on Steel,” by Mr. William 
Anderson, of Erith. “On Permanent Way for Tramways, with 
Special Reference to Mechanical Traction,” by Mr. J. D. Larsen, 
of London. “On Water Pressure Engines for Mining Purposes,” 
by Mr. Henry Davey, of Leeds. “On Electric Lighting (secon 
paper),” by Dr. John Hopkinson, F.RB.S., of London. 
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FACTORY INSPECTION. 

PERHAPS the most interesting and valuable report 
that has yet been given in regard to the inspection 
of factories is that recently issued by the three Chief 
Inspectors of Factories, for the year ending 31st of 
October, 1879, in which the working of the Factory 
Act of 1878 is generally detailed, There are not 
many persons, even if connected with our textile 
manufactures, who can remember the hardships 
under which operatives, but especially young 
persons of both sexes, laboured some forty years 
ago. At that period, speaking from personal re- 
membrance, it is not too much to state that our 
factory system was a disgrace to civilisation. We 








have seen young children treading the streets of 
Manchester, and other Lancashire and Yorkshire 
districts, at a little before six in the morning, in all 
weathers, scantily fed, and as scantily cloth The 
parents as a rule made the most of their children, 
temporarily, in a pecuniary point of view. There 
was little, if any limit as’ to the time of their 
occupation, except so far as their _——. powers 
were concerned, and at last the churchyard closed 
their miserable career, 

It was therefore high time that a certain amount 
of so-called paternal government should be exercised 
for the protection of what were really “‘ white slaves.” 
We pass over the historical progress that has charac- 
terised the effort, simply remarking, that by the 
Act of 1878, the sphere of the whole of the previous 
Factory Acts has been greatly enlarged, the result 
of which is, to some extent, shown in the report 
before us (Parliamentary Paper, Session 1880, C 
2489). 

M. Redgrave, the Chief Inspector, first discusses 
the state of trade. He points out the fearful de- 

ression that has existed for some time past. The 
Tepsegelen commenced some two or three years ago. 
Factories of all kinds first began to run short time, 
then to close entirely. Cotton, iron, mineral, and 
indeed every kind of industry, suffered to a degree 
which Mr. Redgrave and his colleagues state, 
for extent and continuance, has hitherto been un- 
exampled. This statement is fortified by abundant 
statistics in the report before us, and a reference to 
our weekly price list for the last two or three 

ears, amply confirms this agency of the report. 
Stain the conclusion of these remarks, Mr. 
Redgrave states that there are signs of returning 
prosperity, but at present these hopes are eminently 
uncertain, and depend on a variety of circumstances, 
especially on a good harvest, which are beyond the 
control of man. 

Passing over several pages of the report, the 
trade of Ireland is dealt with (page 25). Here we 
find that, in 1879, an increased acreage of flax was 
under cultivation. This fact may, to some extent, 
lessen, inthe end, the disastrous condition of that 
country, which has recently become the subject of 
special legislation. In regard to Scotland the 
Superintending Inspector speaks sanguinely of the 
chances of the present year (p. 27). The effect of 
the trade rules of operative societies, generally, is 
next dealt with, showing what the inspectors con- 
sider as their injurious effects on industrial progress 
in regard to trade unions and the conditions they 
impose on their members. Occupations injurious to 
health are next alluded to, especially in regard to the 
white-lead manufacture. The precautions taken by 
the proprietors of such works indicate sufficiently 
the dangerous nature of the employment. It ap- 
pears, however, that danger to the operatives arises 
more from their own neglect than from that of 
their masters, as they will not avail themselves of 
the remedies that are placed at their disposal. 
Similar remarks apply to other manufactures in 
which poisonous chemicals are employed, especially 
in respect to the use of arsenical compounds, But 
it is evident that in London alone a large number 
of persons is employed in occupations which expose 
them to injurious influences from the chemicals used, 
yet the increased powers given by the Act of 1878 
seem to have lessened the dangers arising in these 
manufactures. 

The sanitary state of factories generally is next 
dealt with, including drainage, ventilation, &c. 
From some personal experience we could point out 
in the neighbourhood of London ample occupation 
for additional ins: rs to carry out these obj 
A well-ordered factory, as Mr. Bowling remarks, 
reflects its influence on the homes of the operatives. 
But much depends on the masters and managers, 
and if these be deficient in sanitary knowledge or 
the will to put it into practice, what can be ex- 
ea of their workmen? The inspectors acknow- 
edge that, in many cases, the masters have given 
them great assistance, but how can the already over- 
worked inspectors, in an hour or two, judge what 
the daily state of a factory is, especially in regard 
to the state of the closets, the water supply, and 
the ventilation ? 

We are compelled to pass over a variety of 
interesting matter contained in this report, inter- 
spersed as it is by many curious tes, illus- 
trating the position of employer and employed, and 
their relation to the factory inspectors. The latter 
seem to be getting into favour with the workmen, 
and between the two we are glad to find that the 
inspectors have frequently been called upon to act 





as a “court of conciliation” between masters and 
men, This is a promising sign of the future of 
f inspection, and is a result diametrically 
opposite to that which was ex d when that 
inspection was first instituted. Fencing machinery, 
the truck system, &c., are dealt with in the report, 
as are also ‘‘ various industries” in their aspects to 
the Factory Act. 

In respect to education, Mr. Redgrave remarks 
that sufficient time has not ye since the passing 
of the Act to judge of the full effects of the enact- 
ments which prohibitfull time employmentof children 
of thirteen years of age under certain conditions. 
But the results seem to promise a favourable condi- 
tion for the future. 

In the conclusion of the report Mr. Redgrave 
draws attention to the appointment of practical 
working men as future inspectors, and also the 
employment of female inspectors. After discussing 
these questions he considers that great difficulties 
lie in making selections from either class. As 
regards the appointment of working men jealousy 
would arise with the manufacturers, and with re. 
spect to women he considers them physically in- 
capable of the duties, 

n an appendix a list of the whole of the prosecu- 
tions that have taken place under the Act of 1878 
to the end of October, 1879, is given, and in a 
second appendix is a list of fatal and other accidents 
caused by machinery for the same period. From 
the latter we find that there was a gross total of 
accidents of 5333, of which 306 were fatal. Ampu- 
tation, fractures of limbs, &c., follow, while lacera- 
tions and minor cases number 3193. The propor- 
tion of total accidents shows 2710 for adult males, 
510 for females ; 1335 for male young persons and 
454 for females; 209 male young children and 105 
females; showing AF nag total of accidents to males 
of 4264, and of females 1069, making the total 5333 
as above stated, 

Taking the report in its entirety it must be seen 
that the inspectors have, to the utmost of their 
ability, tried to carry out the provisions of the 
Factory Acts, But, as we have already urged, they 
are far too overworked. Indeed it is useless to 
expect better results until their numbers are largel 
increased, and their powers also much extended. 
What are they among the many and onerous duties 
they have to perform ? 





THE BUILDING EXHIBITION. 

Durine the present week there is being held at 
the Agriculti Hall an interesting exhibition of 
materials and appliances connected with architecture 
and building construction, including wood-working 
machinery, furniture, and modes of decoration, &c. 
The hr nye Exhibition,” as it is called, is well 
arranged, and altogether deserves every success, 
The exhibits which it includes are divided into 
eight classes, Class I, comprising wood and joinery, 
including furniture and miscellaneous fittings, while 
Class Il. includes bricks, stone, concrete, and 
similar constructive materials; Class III., machi- 
nery at rest and in motion; Class IV., terra-cotta 
and glass, portable decorative articles, wall papers, 
paints, varnishes, &c.; Class V., builder’s iron- 
mongery; Class VI., sanitary appliances; Class 
VIL, constructive ironwork; and Class VIIL, 
marble chimney-pieces, stoves, and general castings. 
As will be seen from the enumeration _ giventhere 
are many exhibits of a kind of which it is not the 
—s of this journal to treat, while, cn the other 
and, there are many which deserve some notice at 

our hands, and of these we propose now to speak. 
In Class I. we may notice Lindsay and Co.'s re- 
versible treads and landings adapted for staircases 
on which there is considerable tratlic. These treads 
are made of hard timber, preferably in square slabs 
of about 12 in, ona side; they are traversed by deep 
grooves crossing each other at — angles, these 
grooves being formed on both sides of the block. 
Three or more slabs laid in a suitable iron riser frame, 
the outer face of which, on each step, holds the blocks 
in place, and screws passing through make the 
connexion a It will be seen that by this 
arrangement, the blocks can be reversed, at least 
four, and where square blocks are used, no less than 
eight times, since when one side is worn the block 
can be taken up and turned end for end, or upside 
down, while the central blocks which necessarily 
are most a the sides of the 
tread, the side blocks g placed in the middle. 
We notice that these exhibitors recommend the use 
of Jarrow wood, a material little known in this 
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country, and which is as hard and more fibrous than 
teak 


gee the exhibits included in Class II. we 
find appliances for concrete building occupying 
an important Thus Messrs, Charles Drake 
and Co., of Battersea Park, exhibit their concrete 
building apparatus, which is made entirely of iron, 
and which includes collapsible chimney cores, &c., 
and a modified apparatus made of wood and iron 
in combination, while they also show samples of 
their building slabs and concrete stone which are 
worthy of attention, Mr. J. M. Tall, of Belvoir- 
road, Lordship-lane, has also an excellent exhibit 
showing his mode of carrying out concrete build- 
ing, the model structure shown having different 
= of its exterior finished in a number of ways 

ustrating the great variety of decorative effects 
of which the system of construction is capable. A 
prominent feature in Mr. Tall’s exhibit is the ad- 
mirable manner in which he is able to so finish the 
exterior surface of a concrete structure as to re- 
semble well-painted brickwork, In fact, the imita- 
tion is so close as to be very difficult of detection 
without close examination. Another exhibitor of 
samples of concrete construction is Mr. W. H. 
Lascelles, of Bunhill-row, who has carried out much 
work of this kind, and whose exhibits at Paris in 
1878 will be remembered by many of our readers. 
The Patent Concrete Building Apparatus Com- 
pany, of Blackfriars-road, also show Henley’s re- 
volving and self-fastening concrete building ap- 
paratus, which has some ingenious features, which 
we could scarcely explain clearly without the aid of 
illustrations. 

In this class also Messrs. Johnson, Brothers, and 
Co., of Waterloo-place, have a variety of exhibits, 
including examples of a mode of glazing without 
putty, in which the longitudinal edges of the glass 
are clipped by zinc “compressible glazing tubes ” of 
the section shown by the annexed sketch. At the 
foot of each glazing tube the glass is held by a 


Ye 





simple brass clip, the arrangement being such that 
the squares can be readily slid out of the glazing 
tubes if necessary. The glass is firmly held, and 
the system ap altogether a good one, 

The Victoria Stone Company exhibit some good 
examples of their production, including paving 
stones, mouldings, drain pipes, architectural decora- 
tions, &c. For paving purposes this material 
appears to have met with a considerable measure of 
success ; even in the metropolis, where the traffic is 
so heavy, it has been in use, amongst other places, 
in Piccadilly, Russell-square, Holborn, and at the 
Broad-street Railway Station for a considerable time. 
It consists of a mixture of pulverised granite and 
Portland cement, the former being pulverised and 
thoroughly cleaned. When these are intimately 
mixed they are filled into moulds, and afterwards 
placed in baths of silicate of soda, the effect being 
that the silica is absorbed, and the whole mass be- 
comes extremely hard. Apart from its durability it 
is claimed that the Victoria stone is more economical 
in the first cost than the ordinary York paving. 
There is a good display of the very excellent silicate 
stone productions of Messrs. Hodges and Butler, in- 
cluding paving slabs, drain pipes, andanumberof sani- 
tary appliances. We have already described in detail 
the mode of producing this stone, and we need 
only say that the advantages claimed for it by the 
manufacturers appear to have been proved by exten- 
sive ow 
Mr. Matthews, of the Royal Potteries, Weston. 
super-Mare, makes a show of his so-called 
bonding-roll roofing tiles, which are made with 
ta) g corrugations, every alternate one of which 

extends half way up the tile, which when in 


place fits over the co mding corrugations of the 
tile immediately below it; the effect uced by 
this arrangement is extremely good, besides the 


fact that a secure joint is very easily made, the tiles 
all break joint one with another. 

Several other well-known brick and tile makers 
are represented, amongst others Messrs. Joseph Cliff 
and Sons, Messrs. Lawrence and Co., of Bracknell, 
Berkshire, and the Broseley Tileries Company, 

Mr. Richard Beckett, of - Hartford, 


Cc , exhibits some glazed earthenware wall 
boxes, to receive the ends of flooring joists, and so 
protect them from the effects of moisture, 





In Class III. the motive powers are represented 
by several engines—one a 12 horse driving wood. 
working machinery—exhibited by Messrs. Powis 
Bale and Co., of Budge-row ; a neat little horizontal 
engine, and some of his well-known vertical engines 
and boilers, exhibited by Mr. E. S. Hurdley, of 
Bourton; and a portable engine at the stand of 
Messrs, F. W. Reynold’s andCo. A small Otto gas 
engine is shown by Messrs. Crossley Brothers, and 
some examples of the Bisschop gas engine are sent 
by Mr. Andrews, of Stockport. These engines 
are all of t; familiar to our readers, so that they 
do not require further notice here. Amongst the 
motive powers, however, we must include a very 
neat pattern of air-compressor made by Messrs. 
Davey, Paxman, and Co., and exhibited by the 
patentees, Messrs. Hathorn and Co., of Charing 
Cross, this compressor having a single double-acting 
air-compressing cylinder, the piston of which is 
driven hem a crank at the centre of a crankshaft 
having two other cranks, to which the connecting 
rods of a pair of steam cylinders are coupled. The 
inlet valves of the air cylinder are arranged at the 
ends and are actuated by the momentum of the 

iston, while the delivery valves are at the top. 

e compressor is of good, design and is well made. 
The compressed air delivered by it is employed in 
driving the ‘‘ Eclipse” rock drill exhibited by the 
same firm, and of which we may probably give a de- 
scription on a future occasion. 

e class with which we are now dealing includes 
hoists, and amongst these we may mention a well- 
arranged barrow hoist and a hod hoist, by Mr. 
Richard Jones, of Liverpool, and an ingenious self- 
sustaining hoist by Messrs. T, Thomas and Sons, of 
Cardiff. The gear of this latter hoist we hope to 
illustrate in an early number. Messrs. Glaskin and 
Co, show a substantial steam mortar and ore crush- 
ing mill, in which the grinding pan and its driving 
gear is mounted on one foundation with the engine 
and boiler. The boiler is of steel, and the engine, 
which is of the vertical type, is arranged so that it 
can be thrown out of gear with the mill and em- 
ployed to drive other machinery by a belt when re- 
quired. In this class, too, Mr. W. M. Macbrair, of 
Sheffield, exhibits a large collection of parallel vices 
constructed wholly of wrought iron. ‘The vices are 
of good patterns and very well made. 

Amongst the exhibits in this class requiring notice 
we must also include examples of Abyssinian well- 
driving apparatus and pumps, shown by Messrs. 
Legrand and Sutcliff, of Bunhill-row, and a number 
of articles shown by Mr. James Sinclair, of Leaden- 
hall-street, these including examples of Dicks’ well- 
known fire extincteur and chemical fire engine, some 
filters, and the Stott self-acting gas valve or 
governor, which is shown in action, and which 
appears very sensitive and effective. The Stott 
governor, of which we annex a sketch, consists of a 
glass bell A, dipping in mercury contained in an 





annular glass trough B, the bell A being connected 
by a light rod to a valve C which, when raised, 
partially closes an opening, and so checks the flow 
of gas from the supply main D. The gas is led off 
to the lights at K, and the pressure at which it is 
— to the lights is adjusted by weights applied 
at F to load the bell. As will be seen, action of 





the valve is practically frictionless, and the apparatus 


is, as we have said, very sensitive. The value of a 
good pressure regulator for preventing waste of gas 
is generally admitted. 

As might be imagined, there isa very fair display of 
wood-working machinery, to which Messrs. Weston 
and Co., of the Chaddesden Works, Derby, contri- 
bute a bandsaw and two circular-saw benches. Mr. 
F. W, Reynolds, of 73, Southwark-street, has quite 
a large show of this class of tools, including a neat 
circular-saw bench with revolving serrated feed, 
and change wheels for different thicknesses of tim- 
ber; he also shows a well-designed panel-planing 
and thicknessing machine capable of surfacing up 
widths of 18in., and taking timber 4 in. thick. 
The table of this machine is provided with a large 
number of parallel slots to allow the shavings to fall 
through as they are made, There is also a very 
simply arranged and compact universal wood-work- 
ing machine, which is devised to perform nearly as 
many duties as the general joiner. It will plane 
timber up to widths of 12 in. and finish all classes of 
moulding work, will cut mortises, tongues, and 
grooves, and is provided with a circular saw. The 
same firm also # ome a mortar mill, a paint-grinding 
— and a slate-holing machine amongst other ex- 

ibits, 

Messrs. Polyblank and Co., of South Devon Iron 
Works, Newton Abbot, show some saw benches. 
Amongst others their special pattern of bandsaw, in 
which the table is always kept in a horizontal posi- 
tion, while the band frame turns upon trunnions 
neat the bottom of the machine, the table having a 
traversing motion to suit the altered position of the 
band at different angles. 

Messrs. Thomas Middleton and Co., of Loman- 
street, Southwark, show a very well-made and 
neatly designed hand-worked planing machine with 
fixed cutters. The wood is fed in and tightly 
gripped by two pairs of rollers, one pair on each side 
of the cutters ; the pressure exerted by these rollers 
can be regulated at will, and the lower ones are 
used to drive forward the wood, which can be 
finished at the rate of 150 ft. a minute. The ver- 
tical distance between the rollers can be adjusted to 
suit different thicknesses of wood by one movement 
of the lever, the upper plane iron being raised or 
lowered by the same operation. One of the side 
cutters is fixed, and the other is mounted on a slide, 
and can be moved in and out by an adjusting screw. 
If it isdesired to leave the under surface of the 
wood untouched, the bottom cutter is removed, and 
a bearing plate is substituted. These machines are 
made in three sizes, the smallest of which will plane 
timber 34 in. wide by 14 in. thick, and the largest 
1] in, wide by 3} in. thick. 

Classes IV, and V. do not contain many exhibits 
demanding notice at our hands, and we must pass on 
to Class VI., comprising sanitary appliances, where 
the exhibits are, as might be expected, very numerous, 
but we can only mention a few of them here. Messrs. 
R. Boyle and Son, of Glasgow, show a number of 
examples of their well-known ventilators for various 
purposes, including the arrangement of soil pipe 
ventilatur, which we lately described (vide page 127 
ante), while Messrs. Gilmore and Clarke, of Oak- 
dene House, Lower Norwood, show varieties of the 
ingenious automatic ventilator — or ‘ autother- 
markon” as they have named it—which we illustrated 
and described on page 265 of our last number but one. 
Three modifications of this ventilator are shown 
in this exhibit; the first one consists of a fire-alarm, 
and has attached to ita bell and striking mechanism, 
which is checked by a detent, placed above the ex- 
pansion plate ; as this latter curves upwards under 
the influence of excessive temperature, it comes in 
contact with and releases the detent, setting the 
striking mechanism in action. The second form is 
intended for application to ovens, in which it is 
desired to maintain a given temperature. Here the 
spring is bent round in the form of a C, the connect- 
ing lever being at its upper end and articulated to 
a valve which opens or closes an opening communi- 
cating with the oven ; this ventilator is also specially 
adapted to garden forcing frames. In the third 
modification, the valve is hung vertically instead of 
horizontally, and is placed within a cylindrical case, 
this form is particularly intended for use in con- 
servatories, &c. 

Messrs. Joseph Halliday and Co., Limited, of 
Manchester, too, show examples of their high- 
pressure filters, while a great variety of water-closet 
and lavatory fittings, sewer traps, ventilators, 
electric and pneumatic bells, &c., are exhibited by 





firms whose names we cannot even mention here. 
Class VII. is a small one, only two exhibitors 
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Messrs. Croggen and Co., and Messrs. J. Lewis and 
Co., figuring in the catalogue; but a number of 
exhibits in Class VIII. might fairly be included in 
the preceding class. Prominent amongst the ex- 
hibits in Class VIII. are the arrangements for 
utilising gas for heating, cooking, &c., many of 
which will well repay examination. 

Conspicuous in thissection isthe exhibitof Ritchie's 
gaslighting and heating apparatus, an ingenious 
and apparently very efficient contrivance for warm- 
ing halls, conservatories, &c. It consists of a large 
Argand burner, the glass chimney of which enters, 
at its upper end, a cylinder communicating with a 
box at the top of theapparatus. This box is in con- 
nexion with two vertical columns, one on each side, 
and which contain a tube passing from top to 
bottom, and open at bothends. As the burnt gases 
pass down the annular spaces thus formed in these 
columns, they heat the air constantly flowing up- 
wards from below and passing out at the top, while 
the gases of combustion are condensed, and the 
water formed is caught in a receiver at the bottom 
of the apparatus. This arrangement, besides afford- 
ing a considerable amount of heat, also gives the 
light due to the consumption of 6 ft. of gas per hour 
in an Argand burner, though for some purposes, 
when heat and not light is required, the arrange- 
ment is modified, Judging from the statement 
endorsed by a prominent firm of nurserymen, this 
heater does not damage the more delicate plants in 
a conservatory, while it affords a ready means of 
maintaining a given heat or regulating it with the 
utmost nicety. 

Amongst other smaller objects in this section, we 
may notice Hammer and Fauche’s stove pipe 
adjustable couplings. These are devised in such a 
way that the bends may be adjusted to any 
desired angle, without the trouble of fitting. For 
this purpose the pipe union is composed of a 
number of tapering sections, each of which fit 
into each other, and arefree to turn in the roll- 
over joints by which they are connected. It is 
evident that when these pieces are turned into one 
position the coupling length will be straight, but 
that in any other position it must be more or less 
curved, and it can be locked and made rigid at any 
desired point by tightening up two of the segments 
forming the coupling. This is done by turning a 
small eccentric in each segment. Hamilton and Co.’s 
prismoidal floor lights are exhibited; they are too 
well known to require any description here. We 
may, however, allude to the efficient mode of mount- 
ing heavy cellar lights on a hinged frame attached to 
asmall truck running on rails beneath. By this 
ane the lights can be opened without diffi- 
culty. 

Messrs, Selig, Sonnenthal and Co., of Queen 
Victoria-street, are entered in Class VIII. ‘They 
show a collection of their earth borers for making 
holes for telegraph posts, fencing, scaffolding, &., 
and also Sonnenthal’s self-adjusting stone dogs, for 
moving heavy blocks without the necessity of 
making lewis holes for that purpose. These dogs 
consist of a pair of curved levers with flat bearing 
plates at the lower ends for pressing against the 
stone, and articulated at the upper end to « system 
of levers, the hoisting chain being attached to those 
ic the centre, and in such a way that the pressure 
exerted on the bearing plates against the stone is 
increased in proportion to its weight. We believe 
that these dogs iow found a large application, and 

many evident advantages over the various 
methods of hoisting and transporting stone. 

Finally we may mention the very interesting ex- 
hibit of Balmain’s luminous paint, a manufacture 
which, although at present only in a very early 
stage of progress, has nevertheless been found 
to fill many useful purposes, and has probably 
before it an extensive development. This paint is 
composed of a mixture of a very powerful phos- 
phorescent substance with oil or other vehicle, so 
as to render it possible to apply it upon surfaces in 
the same way as any ordinary pigment. A very 
short exposure of the body thus covered to daylight 
is sufficient to render it luminous for several hours, 
the light given out being strong enough to render 
characters painted on the sensitive ground, legible 
in the darkness. In this direction alone the useful- 
ness of the process is evident and varied, and it 


may be applied with success to public advertise- 
ments, names of streets, the numbers of houses, and 
soon. A more valuable application may also be 
found for rendering moving and other buoys visible 


In taking leave for the present of the Building 
Exhibition we must say a word concerning the 
catalogue, which has been pre under the editor- 
ship of Mr. John Black, and which in addition to 
being a catalogue simply, contains a series of short 
essays on subjects allied to the art of building. 
Thus these essays include an article on ‘‘The Swe- 
dish Wood Trade,” by Mr. T. Shairp, one on “‘ Trade 
v. International Exhibitions,” by Mr. Lucien Wolf, 
one on ‘‘ Machinery applied to Building Construc- 
tion,” by Mr. M. Powis Bale, one on ‘ Window 
Blinds,” one on “‘ Ventilation,” by Mr. Robert Boyle, 
and one on ‘‘ House Sanitation,” by the same author, 
and finally one on “ English Domestic Architec- 
ture,” by the editor, Mr. John Black, ‘These various 
essays convey a good deal of information and are 
altogether a welcome addition to the catalogue, 





FILTRATION THROUGH SPONGY 
IRON 


Ir is now some years since Mr, Gustav Bischof 
demonstrated the remarkable properties of spongy 
iron as a filtering material for the purification of 
water for drinking purposes, and spongy iron filters 
are already in extensive use for domestic purposes. 
Notwithstanding this, however, and notwithstanding 
also the testimony to the powers of spongy iron 
which has been afforded in the sixth report of the 
Royal Commission on Rivers Pollution, in the 
reports of the Registrar-General, in the Army 
Medical Report for 1877, and elsewhere, the 
material has not yet been employed on a large 
scale for the filtration of water at any of our water 
works, a fact which is to be regretted when the 
remarkable effect of the material on Thames water 
is taken into consideration. 

Although, however, spongy iron has not yet been 
introduced at water works in this country, it is, we 
understand, about to be employed by Messrs. 
Easton and Anderson for the filters at the Antwerp 


With the arrangement we have described, Messrs. 
Easton and Anderson found that they could effi- 
ciently filter the Nethe water at the rate of 150 
gallons per square foot of filtering surface per 24 
hours, or 6} gallons per square foot per hour. At 
the metropolitan water works the rate of filtration 
with the ordinary filter beds varies from about 1 

ons per square foot per hour in the case of th} 

t London and the West Middlesex Works to ae 
much as 4 gallons in the case of the Lambeth 
Works, but the average rate for all the works is 
decidedly under 2 gallons per square foot per hour, 
so that the results which Messrs. Easton and Ander- 
son have obtained with spongy iron, and with a 
water greatly in need of filtration, point to the possi. 
bility of employing filter beds very materially smaller 
than those ordinarily necessary. 
_ So far as experience at present goes, the spongy 
iron in filters requires no renewal. Its action ap- 
pears to be to produce an oxidation of the organic 
matters in the waters traversing it, the result being 
a discharge from time to time of carbonig-dioxide. 
We have referred to the testimony of the Registrar- 
General to the effect of spongy iron, and we cannot 
do better than quote from his report for 1877 the 
following paragraph respecting it. He says: ‘The 
‘¢ Thames was in high flood during nearly the whole 
‘“‘ of December, and its water was loaded with or- 
‘* ganic impurities of the most disgusting origin. 
‘« It may be interesting for those who can afford the 
‘cost of domestic filters, to know that even this 
‘* polluted water can be chemically purified by filtra- 
‘‘ tration through spongy iron, r have inserted in 
‘‘the analytical Table, for the purpose of com- 
‘¢ parison, the results yielded by the Grand Junc- 
‘¢ tion Company’s water, after passing through a 
‘spongy iron filter, which had been in use for 
‘more than a year. The filter removed nearly 
‘“‘ nine-tenths of the organic matter, and more than 
‘‘ one-half of the hardness from the water.” The 
Table here referred to is annexed, the quantities 
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struction. To determine the suitability of the 
spongy iron for once | dealing with the Nethe 
water which is to be used for the supply of Antwerp, 
Messrs. Easton and Anderson have recently carried 
out a series of experiments on a considerable scale, 
and these have yielded results of much interest. 
The arrangement employed consisted of two cast- 
iron tanks each having a horizontal area of 342 square 
feet, while the one was about 11 ft. and the other 
74 ft. in depth. In the larger tank there was placed 
on a suitably constructed brick bottom, a depth of 
3 ft. of spongy iron and gravel mixed in the propor- 
tion of 1 to 3, while above this was placed a of 
Harwich sand 18 in. in thickness. From the bottom of 
this filtering tank the water was drawn off to the 
second tank, this latter containing, as filtering 
material, a bed of gravel about a foot thick with 2 ft. 
of Harwich sand above, 

The object of = second filter is - ieee: - 
passing through the spongy iron a small quantity o 
iron io diassived in ‘hs Ser of protoxide, and if not 
removed it would, when converted into per- 
oxide by the contact of the water with the air, be 
thrown down in the form of a brownish deposit. 
In the spongy iron filters for domestic use the 
further oxidation of the protoxide is effected by an 
admixture of manganese Ibinoxide, the peroxide of 
iron being thus formed and retained in the gst 
material. This use of manganese binoxide woul 
not be convenient on a large scale, and in the ar- 
rangement we are describing the water after pass- 
ing through the spongy iron in the first tank is 
allowed to come in contact with the air in the second 
tank, when the peroxide of iron is thrown down and 
arrested by the filtering material which that tank 





at night, and the experiments tried in this direction 
appear to have been tolerably successful. 





contains, thus allowing the water to be delivered 
perfectly clear, 





The manufacture of spongy iron on a large scale 
is an interesting process, and we may hereafter 
have something to say iggy * it. Meanwhile, 
however, we may state that Mr. Bischof has taken 
Dr. Siemens’ well-known experimental works at 
Towcester, and is making spongy iron there in the 
Siemens revolving furnace, which has proved ad- 
mirably adapted for the purpose, Considering the 
results which have been gained with domestic filters, 
and the promising data afforded by Messrs. Easton 
and Anderson’s experiments at Antwerp, the appli- 
cation of the system of spongy iron filtration at the 
Antwerp Water Works will be watched with much 
interest, and we hope in due time to be able to 
place full information regarding the results before 
our readers. 


VIENNA EQUATORIAL.—No. ITI. 

In the present article we purpose, as promised in 
our last notice, to deal with the various devices for 
uick and slow motion in right ascension and declina- 
tion clamping and clockwork arrangements, construc- 
tion of right ascension sector and endless screw for 

communicating clock motions to instrument, &c. 
Quick Motion in Right Ascension available for Assis- 
tant from Ground Level.—It is clearly desirable that an 
assistant should have power of easily and con- 
veniently turning and setting the instrument in 
right ascension, at least in the case of an instrument 
of the magnitude of the Vienna equatorial. In small 
or moderate-size instruments the observer can 
generally reach the eye-end from the ground level, 
and he can either point the telescope to some visible 
object by sighting along the tube and first catching 
it inthe finder and finally in the main telescope, or, 
if the object be not visible or recognisable, he can 
(if supplied with one of Mr, Grubb’s mountings with 
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suitable reader) set the instrument by the reader in 
both right ascension and declination, but in the case 
of instruments of the size of the Vienna equatorial 
the observer requires arelaborate stage or platform of 
variable height and position in order to reach the eye- 
end, and if he has to move to another object he must 
descend from his chair or platform and move i¢ before 
he can move the instrument, and then he has not 
the facility of sighting objects, but must adopt a 
sort of tentative process, climbing up and down his 
stage and moving it and the telescope alternately. 
To avoid this labour and save time an arrangement 
is supplied by which the assistant from the ground. 
floor can set the instrument in right ascension, and 
once set in one direction the other (declination 
setting) can be readily managed by the observer. 

Referring to the two-page engraving in our issue 
of January 2. The assistant is supposed to stand at 
the south end of the pier. He has there before him 
a desk on which his catalogue and paper can rest, 
a sidereal clockface let into the south end of pier, 
a reader telescope (a) by which he can read the 
lower right ascension circle as will be afterwards 
explained, and a handwheel (r) which by means of 
shafts and gearing readily traceable in engraving 
communicate motion to the instrument in right 
ascension, and finally a handle r! which is keyed on 
to a screw forming the toe ey of this quick 
motion driving shaft. By giving this handle one 
turn the driving shaft is allowed to drop down out 
of gear with the rest of the wheelwork, so that 
the clock when driving the instrument may not 
have the additional work to do of driving this shaft, 
which is necessarily a quick one as compared to the 
motion of polar axis itseif, A lamp is attached to 
pier at west side which serves to throw light on 
sidereal clockface, catalogue, &e., on desk, and also 
to send a beam of light up along tube and directed 
to the vernier of the right ascension circle which is 
readable through the reader (). 

The assistant has therefore full power of setting 
the instrument roughly or, if desired, with an 
degree of accuracy, in right ascension, or reading o 
the right ascension of an object which requires to 
be identified. 

Quick Motion in Right Ascensicn and Declination 
available for Eye-end of Telescope—In a general way 
the observer on his stage can ley hold on the large cast- 
iron ring surrounding the eye-piece and move the 
telescope by hand in either right ascension or decli- 
nation, but it sometimes a pn that the observer is 
in an awkard tion and cannot well do this, 
hence some gearing is desirable. 

Referring to ie 11, page 200, a gun-metal 
toothed circle (2) be seen at neck of polar axis 
attached to top of pillar. Into that wheel gears a 
pinion (m) on the same shaft with which is a bevel 
wheel (10 into another bevel which sur- 
rounds the neck of the declination axis, On the 
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opposite face of this last bevel wheel (9), another 
set of teeth are cut, into which gears a pinion, the 
shaft of which is carried down to eye-end of tele- 
scope. Now when that shaft is turned it affects 
either of the motions of the instrument. If the 
instrument be clamped in right ascension, the bevel 
wheel (9) becomes virtually a fixture on the cross- 
head of polar axis, and therefore the turning of this 
shaft must cause a motion in declination by means 
of the pinion geared into the bevel wheel 9, but if 
the telescope be clamped in declination and free in 
right ascension, the bevel wheel 9 communicates 
motion to the pinion (m) through the bevel wheel 
(10), and thus a motion in right ascension is pro- 
duced. It is therefore only necessary in using this 
arrangement to clamp that motion which it is not 

roposed to use and leave that which is required to 
be acted upon unclamped. 

Right Ascension Clock Sector and Clamp.—This 
(in general drawing, page 10, marked z) will best 
be understood by reference to Fig. 14, which is a 
plan of the equatorial bedplate and section of polar 
axis and pillar. 

In this figure a aa a is the equatorial bedplate, 
b 66 & the section ee ee once ears 
cast-iron plate bored out to fit a conical grove in the 
polar axis (see general drawing). This plate c ¢ cc is 
thickened up along two sides and bored out, and 
through the long holes thus formed are passed 
the long steel tubular arms ¢ e tightened into their 
place by nuts at back, and which arms carry on their 
ends suitably attached the sector g g, which is cut 
into teeth, and into which the endless clock screw 
gears. These two arms ¢ e are braced together by a 
very efficient cast iron trussing f/f /, which clamps 
on the arms, and is finally braced up by steel wedges 
driven into mortise groves specially filed out for 
them. ‘This system of bracing is so arranged that 
the sector g g forms no part of the system, and is 
therefore subjected to no strain in itself, 

The teeth of this sector have been cut with great 
care. Divisions were first cut upon the limb ina 
dividing engine, and then when the sector was 
removed to the cutting engine a microscope was 
attached, and each division was carefully watched 
under that microscope while the corresponding 
tooth was being cut. The whole of this right 
ascension sector is in general free to turn in the 

olar axis or the polar axis to turn in it, but at the 
ee of that portion which embraces the V groove 
in the polar axis a small piece is cut away and a 
steel tooth, also of a Y section, is inserted (¢) ; this 
steel tooth is attached to a pin, which passes out 
through the casting, and is acted upon by a cap (4) 
screwed over it ; when this cap 4 is screwed up it 
forces the tooth ¢ into the Y groove and ‘‘ clamps” 
the right ascension sector to the polar axis. This 
clamping action is effected by a pair of cords g g' 
(see general drawing, page 10), which cords are at- 
tached to the two ends of a lever passing through 
and attached to the screw cap 4. 

This clamping arrangement, simple as it is, is one 
of the most useful improvements introduced lately 
by Mr. Grubb into his equatorials. The old clamp- 
ing arrangement consisted of a split collar, some- 
thing like the eccentric strap of a steam engine, and 
the tightening up of one of the screws was sup- 
posed to effect the clamping. It did so certainly, 
but only after several turns of the screw, and owing 
to the one-sided nature of the action it was certain 
to disturb the position of the axis during the process 
of clamping. In Mr. Grubb’s arrangement, however, 
one-eighth of a turn of the cap 4 is quite sufficient 
either to leave the polar axis perfectly free to move 
independently of the sector or to clamp it rigidly to 
it, and the action being radial no disturbance can 
take place, 


Declination Clamp.—This will best be understood 
by reference to Fig. 15, where aaa is the declination 
circle, ) ) 66 a cast-iron ring bored out like the right 
ascension clamp to fit a Y groove in the crosshead, 
This ring has cast-iron lugs cast on it, which grasp two 
long steel tubular arma ¢ ccc braced as in right 
ascension sector by the trussing ddd. This clamp 
is also supplied with the steel Y tooth (#) forced up 
by a screw as before.” The steel tubes terminate in 
a pair of cast-iron plates f/f bolted on each side, 
the bolts passing through gun-metal blocks brazed 
on to the steel tubes. These two cast-iron plates 
have holes bored in them, which take the trunnions 
of a peculiar link motion for the slow motion screw 
$8, which will be better understood by reference to 
Figs. 16 and 17, which are enlargements of this 
pottion. [hn these figures a a represent the two steel 
tubular arms of the declination sector, terminating in 





the two cast-iron plates shown in section g g, Fig. 17. 
Between these plates is a framing composed of two 
gun-metal plates /' pillared together by four 

relies This frame has a pair of trunnions 

hy whi ow the frame //a ing motion, and 
in this frame, on another pair of trunnions, ¢¢ rocks 
the nut d. This double set of trunnions evi- 
dently allows the nut to travel in a straight line, 
while the sector describes a portion of a circle, and the 














whole weg ape being symmetrical and embracin 
the screw, the action is brought into one plane, an 
thus no straining or distorting of the sector can 
take place. The screw itself works in a pair of cy- 
lindrical bearings, but is hardened at both ends, and 
all end play taken up by Bd of hardened steel 
tail-pins cc, a counter or lock-nut arrangement is 
also supplied to take up loss in the screw. 

When such heavy masses are required to be 
moved by such small quantities, the perfection of 
these arrangements is of the utmost importance. 
There must be no springing of the parts, even when 
an almost infinitesimal motion is required, and 
there must be no “loss of time” in the ie 

In this arrangement of Mr. Grubb’s all these 
requirements are carefully provided for. The con- 
struction of the sector is such as to insure a maximum 
of stiffness for the material employed. ‘The arrange- 
ment of the link motion is such as brings all the 
strains into the most favourable possible direction, 
viz,, into the plane of the sector, and ‘loss of time” 
or ‘‘ back-lash” is provided against by the hardened 
steel tail-pins and the lock-nut or screw. 

Slow Motion in Declination will readily be 
understood from above description of clamp, and it 
is only necessary to say that the cast-iron frame 
K, which carries the screw 6 6 (see Fig. 16 and 17) is 
attached to an arm springing from cradle (see general 
drawing, page 10) and further supported by a bridge 
attached to tube, and that motion is communicated 
to the screw 5 é by the pair of bevel wheels shown 
in Fig. 17 anda shaft carried to eye-end of tele- 
scope. 

Slow Motion in Right Ascension.—Various con- 
trivances have been devised for giving a slow mo- 
tion to the telescope in right ascension without in- 
terfering with the clock connexions, ‘These consist 
for the most part either of some tangent screw ar- 
rangement, which is difficult to make efficient in 
large sizes, or some arrangement of epicyclic wheels, 
the fault of which is that it adds five or six wheels 
to the clock train, and it is evident that the less 
number of wheels there be between the governing 
part of the clock and the driving screw the better. 





Mr. Grubb’s arrangement is essentially simple, 
and is free from all these defects, and is shown in 
Figs. 18 and 19, i 

+S S! be any port.on of the shaft driving end- 
less screw ; this shaft 4s cut across, and one end is 
inserted 4 little into 4 hole bored into the other for 











steadiness sake; on the extreme end of each shaft 
cogwheels W W’ are attached, i.e, W' is attached 
to shaft S, and W to shaft S'; close beside these 
wheels a disc of gun-metal D is strung on the shaft 
running quite free from either + or wheels, 
This disc has a groove or edge for a band or cord, 
and it also carries a pinion p running loosely in a 
stud. This pinion p | pase into both wheels W W', 
these wheels being of equal size, but one having 54 
and the other 56 teeth. Now it is evident that so 
long as the clock is driving, and the cord over the 
dise D allowed to hang loosely, the pinion p will act 
simply as a coupler between the two wheels, and 
the two shafts S S' will rotate together, and at 
similar speeds ; when, however, the D is caused 
to revolve in either direction by the cord 

over it (which is of course carried to eye-end of 
telescope), a differential rate is set up between the 
two shafts S S', which is equivalent to a temporary 
acceleration or retardation of the clock. e mo- 
ment the cord is again freed the wheels are again 
coupled, and go round as if on an unbroken shaft, 
so it will be seen that with this arrangement no ad- 
ditional wheels whatever are introduced into the 
clock train. 

Lunar Wheels, Endless Screw, §c. (see Fig. 14).— 
In Fig. 14 will be seen the arrangement of that 
portion of the clock gearing which is mounted on 
what is called the lunar wheel tables. 

This lunar wheel table pppp is a strong cast- 
iron plate mounted off the equatorial bedplate and 
capable of very nice and delicate adjustment in all 
directions in order to bring the endless screw into 
ae gear with the right ascension sector. Mr, 

rubb cuts all his sectors with a nearly square 
thread, and this for large instruments is very 
superior to the ordinary Y thread, but it requires to 
be very accurately geared. Once this is done of 
course it never requires further alterations, but it is 
desirable to have the screw mounted in such a way 
that all the adjustments can be effected with the 
utmost nicety. 

This lunar plate p p p p carries two shafts, one, s s, 
driven from the clock (see general drawing, page 
10) by the bevel wheel and pinion &, Fig. 14; at / 
will be seen the differential wheels for slow motion 
in right ascension as above described ; further on, 
on the same shaft, will be seen a wheel m which is 
used only for winding back the sector when the 
clock has worked it to its full ; two other 
wheels, and 0, into two wheels x' and o'-on the 
screw shaft s'. The two wheels x’ and o' are keyed 
on the screw shaft, but all the wheels on the shaft 
ss are loose and not attached directly to the shaft. 
Between these wheels, however, will be seen couplers 
qq. ‘These couplers are acted upon by forked levers 
and rollers attached to the slide rr, the position 
of which slide is changed at will by a connexion 
to the eccentric V. The connexions by which this 
eccentric is worked from the ground level are a pai 
of cords or chains terminating in a pair of handles, 
one being made in the form of the letter L and the’ 
other the letter S. (See Nos. 15 and 16 general 
drawing, page 7 

Now, if the cord having the letter L attached to it 
be pulled, the eccentric draws the slide r r to one end, 
and by means of one of the couplers or clutches 
brings into gear that wheel (0) which will drive the 
endless screw and sector at the correct rate for 
lunar observations, while if the cord with S on it be 
pulled the other wheel () will be brought into gear 
and the telescope will be driven at the correct rate 
for stellar observations. Again, if the cords are 
pulled so that the handles L and S be brought level 
with each other, neither lunar wheels nor sidereal 
wheels are in gear, but the wheel m, Fig. 14, and 
the right ascension sector can then be wound back 


to a position suitable for commencing work again, 
Great care has been taken to prevent back-lash or 
loss of time in this right ascension screw. The 


spindle is hardened at the ends, rests in cylindrical 
bearings, and has hardened steel tail-pins at each 
end. ‘The governing portion of the clockwork, 
which is contained within the general framing and 
the electrical control, we purpose dealing with in our 
next notice, 





THE LATE LORD HAMPTON, 

Ir is with great regret that we record the death of 
Lord Hampton, who was well known to many engi- 
neers as having been for twenty-one years President 
of the Institution of Naval Architects. 

The deceased peer was born in 1799. His family 
fame was Russell, but on the death of his maternal 
uncle he succeeded to the Pakington estates in 
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Worcestershire and took the name of Pakington- 
He first entered Parliament as member for Droit- 
wich in 1837, and retained this seat till 1874, when 
he was defeated by Mr. Corbett, and was shortly 
afterwards summoned to the Upper House as Lord 
Hampton. In 1852 he was appointed Secretary of 
State for the Colonies, an office which he vacated in 
the following year, when his party went out of 
office, after the defeat of Mr. Disraeli’s budget. Ia 
Lord Derby’s second administration Sir Jobn Pa- 
kiogton was appointed First Lord of the Admiralty, 
and it is in connexion with this office that his name is 
generally associated, for during his administration of 
the department the reconstruction of the Navy was 
commenced, and the first ironclad frigate, the 
Warrior, was laid down. In 1866 Sir John was 
again appointed to the Admiralty, but shortly after- 
wards, on the resignation of General Peel, he was 
transferred to the War Office. 

On the foundation of the Institution of Naval 
Architects in 1860, Sir John Pakington was elected 
as one of its first Vice-Presidents, and in this capacity 

resided at the first meeting of the Institution and 
Helivered the inau dress, He was shortly 
afterwards elected President, and continued to hold 
this office uninterruptedly till the termination of the 
last meeting on the 19th of March this year, when 
he retired from the chair and was succeeded by the 
Earl of Ravensworth. The interest which he took 
in the affairs of the Institution was so great, that 
he never once omitted to preside at the openin 
meeting during twenty-one successive years, an 
hardly ever failed to attend the numerous meetings 
of Council, The Institution owes much of} its 

resent prosperity and high position to Lord 
Fiampton 's unceasing devotion to its affairs, as well 
as to his influence, tact, and impartiality. 

In his capacity as President he contributed ma- 
terially to the foundation of the Royal School of 
Naval Architecture and Marine Engineering,”a 
circumstance which alone entitles him to be re- 
membered tefully by the profession. Indeed 
his interest in education did not begin nor end with 
the foundation of this school. In 1855, he in- 
troduced into Parliament when in opposition an 
Education Bill which contained the germ of the 

resent system of school boards. In 1857 he intro- 
} eer another similar measure, which was opposed by 
his own party on the ground that it was the secular 
system in disguise. In 1858 he moved for a Royal 
Commission to inquire into the whole subject of 
national education, and in 1868, when he last quitted 
office, he was, it was well known, occupied with the 
preparation of another Education Bill, which he 
afterwards helped Mr. Forster to pass. In 1875, 
Lord Hampton was appointed First Civil Service 
Commissioner, which office he held till his death, 
which took place on the 9th of this month at his 
residence in Eaton-square. 


THREE MON'IHS’ EXPERIENCE OF 
ELECTRIC LIGHTING AT BLACKPOOL.* 
By W. Cuew. 

Unpser this heading yee to place before you some 
particulars of the mode of laying down, together with the 
capital cost and the working expenses of the electric plant 
erected last year in our town, feeling sure that it will be of 
interest not only to yourselves, but to the gas world gene- 

inasmuch as it is the only town in which electricity 
has been eg to the best advantage, and on a practical 
working scale. 

In the beginning of Angus 
unanimously agreed to light up the central portion of their 
extensive Promenade, which a sea frontage of three 
miles, by means of the electric light, in a manner surpass- 
ing ing that had ever been attempted before ; this 
system of lighting to be ee every season during the 
autumn months, and on {days of festivity. The opening 
day was to be the 18th of September, and I may here say 
that they have accomplished their object of having created 
a sensational light. 

The committee appointed, together with my father, their 
engineer, they at once to inspect all the best - 
wr ~— viewing, amongst others, the well-known 

Thames mbankment lights ; but so thoronghly satisfied 
were they that in all these there was nothing but what 
some large gas lamps would supersede, that they resolved 
to strike out the rather bold iment of having large 
centres of lighting, and employing four naked lights of 
6000-candle power on the Promenade, and one on the end of 
each of the two piers. The area to be illuminated was 
therefore a quadrangle, 1000 yards long and 400 yards 
wide. — The four lights on the Prom e are 350 yards 
—_ and those on the piers about 400 yards from the 

. The whole are placed in plain glass lanterns 60 ft. 
above the level of the aoe B This is necessary with 
naked lights, so as to remove the strong penetrating power 
from the eye when ing the lamps, as well as to 
better distribute the light between them. 


_® K paper read before the Manchester Institution of Gas 
Engineers. 








last year our town council 








Honing twisty described the object desired to be accom- 
— cannot do better than explain the mode of proce- 
ure to luce the effect. Arrangements having 
been come to with Messrs. Siemens, of ton, near 


Woolwich, for the supply of the a appa- 
ratus, and with Messrs. Robey and Co., o! , for the 
peagines, and the whole of the plant being under the con- 
of the Gas Department, it ene part of my duty to 
superintend its erection, and to see to its working after the 
contractors had completed. : 

The site selected as being convenient for the machinery 
was the ee Depdt, situated 400 from one 
end of the Promenade, and 250 i d. Here was 
put up a substantial timber building, 60 ft. by 25 ft., and 
inside, on the ground, was laid a framing, which formed 
the foundations for the machinery, the interspaces between 
the timbers being filled in flush with concrete, and then 
boarded over to prevent dust rising. Upon this were fixed, 
as they arrived, two portable 16 horse power engines and 
boilers, and at the opposite end were the electric machines, 
of which there were seven, all being driven from a counter- 
shaft placed between them andthe engines. From each of 
the six machines a distinct w're is led to its own lamp, and 
one common return wire, so to speak, answers for the whole. 
You will, no doubt, wonder what the odd machine was for. 
Well, at first the whole of the six machines had to perform 
the duty of producing their own electricity, but that duty 
is now taken from them by specially devoting a dynamo- 
electric machine to that purpose solely, and this was found 
to be better for the lights. 

The first difficulty we had to contend with was the laying 
of the wires inside the 2 in. and 3 in. cast-iron ipes. it 
having been decided to place them Laseunl, idden 
from view. This proved no easy matter, inasmuch as the 
wire was in 500-yard lengths, and it was desirable to have 
as few joints as ible. It therefore cost as much to put 
the wires through as it did to make the trenches, so careful 
had we to be in order not to damage the insulation, and to 
keep off the water. The weather happened unfortunately to 
be unfavourable for us, as, a 7 or two after commencing, 
a series of high winds set in, with their usual effect at Black- 
pool of forcing the water over the Promenade, to the 
amusement of visitors, but to the detriment of our work ; 
for, ateyery tide, it filled the trenches and pipes with sea 
water. However, as there waa no time to stop, we per- 
severed, and completed the 1500 im the week allowed 
us, and were ready for the preliminary trial to take place 
on Saturday, the 13th ; but, alas! all our efforts were una- 
vailing, for the insulation of the wires had yielded to the 
water, and it was quite spoiled for the purpose, so there 
remained no alternative but to withdraw them. This we 
commenced on the Friday evening, and drew out the whole 
and laid them on the arms of the lamp-posts. By the 
Saturday night we had temporarily connected the wires, 
and had two of the most commanding lights at work with 
good effect. By the following Mon i morning we 
collected together the most suitable poles in the town, and 
immediately set to work and p them up telegraph 
fashion, and secured the wires thereto with iron staples, 
there being no time to get insulators fixed. During the 
time the wires were being completed,'experiments and trials 
were going on in the engine-room, and by Thurday, Sep- 
tember 18, all was finally ready, and the lights were lit at 
dusk with remarkable steadiness, considering the draw- 
backs we had to encounter for want of time. 

I mer Se Fig that it was with no small degree of plea- 
sure I beheld, from an elevated position, the lights shed- 
ding down their bright white beams on the upturned faces 
of at least 70,000 persons who had come to Blackpool to 
witness the grand spectacle—to see the poor gas once for 
all annihilated. Well, I mast say the gas cuta sorry figure 
when burning in the lamps when {the electric lights were 
lit, of which a good many of you present were eye-wit- 
nesses; but it became very useful as the nights grew 
darker, and one of the new illuminants was suddenly ex- 
tinguished, for it would have been unsafe to the public to 
have left all in darkness, which might have occurred at any 
moment. As we got more accustomed to its eccentricities 
and freaks of going out every now and then, we gained 
confidence because we found out how to apply the remedy. 
Tn nine cases out of ten the cause was the rack holding the 
carbons getting fast, and a man was usually on the look- 
out to shake it with the line to the lamp. So frequently 
did this happen that ultimately the passing public and 
youths sa us the trouble by merely pulling the line as 
they went by. Sometimes, however, more serious mishaps 
would occur, owing to the exposed position of the lights, 
and to the strong gales of wind and rain. The delicate 
working parts were affected by corrosion and damp, and ir 
such cases there was no alternative but to take the lamp in 
for readjustment ; so it had to remain extinguished for the 
night, or if it was a very bad light, it was better policy to 
shut it off. One would natarally say, why not take out the 
spare lamp and substitute it for the other? This seems 
very simple until explained. The reason is this, that owing 
to all the circuits being of different lengths, and havin 
different resistances, each lamp had to be accurately adj 
and tried in the test-room, with the current flowing all 
through the wire. Thus, supposing No. 1 lamp went out, 
and could not be got to work again ; it is 1400 yards away, 
and it would be necessary to send two men to lower it, 
couple the two wires together, bring the lamp back, and set 
to work adjusting the spare lamp to the circuit, which 
would require, say, half an hour ; then to send it back 
and hoist it up the whole occupying 14 hour, during which 
the light wo d be out, and would need another attendant, 
who would afterwards have nothing to do, and some nights 
would never be wanted although he must be always at 


The mode of working which we have found to be the 
most advan is the followi i and 
assistant look after the en; 


‘ol i- engineman 
gines and boilers, which require 
very great attention in 


their stoking, 





for a variation of 5lb 





pressure of steam will throw all the lights out of order. 


Another-man is kept to oil the machines and keep all going 
right in that department, as well as to look for any light 
out, which in some cases instantly shows i at the 


machines, but always at a dial-board, on which all the con- 
nexions are made, and on which we have suitable tell-tale 
i The hour for starting work is one o’clock p.m., 
and then the mode of procedure is as follows: All three 
men start out and fix the carbons in the lamps, clean the 
same, and hoist them 2 again. To go the whole round 
occupies 24 hours if is well. Occasionally a carbon 
holder is burnt away, the lamp having burnt too hard on a 
windy night, and this the men generally refit with a spare 
holder they take with them. On these occasions three 
hours is about the proper time. They next return to the 
machine room, clean the ym. and go carefully over 
the machines and belts, and t' all is ready for lighting, 
which generally lasts five hours. We should have to go 
round the lamps a second time if we had to light all night ; 
this would entail another staff, and be very expensive. 
myself attend almost every evening at the depot during the 
period of lighting, to see that all is kept right, and to put 
in proper order all the lamps brought in, as well as to 
instruct the man in any repairs and alterations to be made. 
It is also yery requisite to go round two or three times a 
week to see the carbons fixed in the lamps, and to adjust 
them a little, and to see that the current is working the 
ight way through the lamp. 
ving given you a good idea of the work to be done, I 
think I could not do better than _ to give you a few 
particulars of the ‘cost of all this, and ili put our 
— in comparison with the others, so that you may see 
the proportion of the costli ween large lights and 
the small ones, omer speaking—those of the 
divided current, or Jablochkoff system. The following 
fi will show the amount of the capital account. Those 
of Westgate-on-Sea and the Thames Embankment are 
from the reports of Messrs. Bennett and Valon, and of 
the Metropolitan Board last May, but to the latter I have 
added the apparatus which I find necessary to work their 
plant permanently, and this enhances the capital. Each 
item that is added is marked with an asterisk (*). 1 must 
be noted that the apparatus at Westgate was only tem- 
porarily fixed : 
Carita Account. 


Blackpool. 
Six lights—=36,000 candles monees 


s. d. 
Two 16 horse-power engines and 
boiler with reserve power ... ao 8606 °0 
Counter-shaft ... on we oa 2 66 
Coating ... _ oe ons eee 13 0 0 
Seven Machines (Siemens’) ... we 800 0 0 
Seven Siemens’ lampandsixlanterns M3 0 0 
Terminals os ta Ls eve 12 0 0 
Belting ... bia o 60 0 0 
8800 yards of cable 556 0 0 
Posts and poles 40 0 0 
Engine-house ... 0 200 0 0 
Foundations... ove 60 0 0 
Gas and water fittings 9 00 
Strophometer ... obs 10 0 0 
Velocimeter 200 
ll oe eee ons 10 0 0 
Galvanometer and battery ... 5 00 
popes, tackle, stays, &c. ... aie 30 0 0 
Labour erecting, and sundry bills ... 200 0 0 
Total pom poe «- 2800 0 0 
Westgate. 
Six lights=1182 candles sanemneey 4 
s. d. 
One 10 horse-power engine and boiler 300 0 0 
Two Gramme machines a ‘ 220 0 0 
Six Jablochkoff lamps, complete 60 0 0 
Terminals, &c.... ad she 200 
Belting ... om ane ee 40 0 
1200 yards of cable... ove 110 0 0 
Sixlamp-posts... 12 0 0 
Engine-house ... ove 300 0 0 
Foundations... Sse 10 0 0 
Gas and water fittings... ° 900 
Strophometer ... atl o 10 0 0 
Velocimeter_... ose . 200 
Tools... vel on one “ 10 0 0 
Galvanometer and battery ... eo 5 0 0 
Labour erecting, and sundry bills ... 0 0 
Total -” a .. 1100 0 0 
Thames Embankment. 
Twenty lights=4000 candles availa Yt 4 
= ae 
One 20 horse-power engine and 
boiler, with reserve power... 495 0 0 
Counter-shaft ... a 2 20 0 o* 
Two Gramme machines “ae .. 9600 0 0 
7 Jablochkoff lamps, complete = : 4 
Belting ... sis 35 0 0 
3900 yards of cable 390 0 0 
Twenty lamp-posts 40 0 0O* 
Engine-house ... : 300 0 OF 
Foundations... soe 50 0 OF 
Gas and water fittings 9 0 Of 
Strophometer ... ove wes 10 0 0* 
Velocimeter _... ove eee 20 0 
Tools... oe a jan oa, BS 
Galvanometer and battery ... eve 5 0 OF 
erecting, and sundrybills .. 69 0 0* 


Total eee oes - 2000 0 0 
Below I will compare the working expenses we are now at. 
and those of the others for one night of 5} hours : 
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Blackpool. 
36,000 candle power. 


£ y é 
One engine man am ose 0 
One salient ose a oes 03 4 
Attendant and supervision ... 070 
Oil, tallow, turps, &c.... <a 016 
Water for boiler and general use 00 6 
Gas s a eos sae 00 6 
Carbon, with waste, 10 ft. at9d. ... 076 
Fuel, coke, and coal, 13 cwt. per night 06 6 
Interest at 5 per cent. sli an 011 8 
Repairs and maintenanee, 10 per cent. 13 4 
Total . “a re 3 610 
estgate. 
1182 candle power—four hours ai | P 
4 
One engine man eee 05 0 
Attendant and supervision 070 
Oil, tallow, turps, &c.... eve red 00 5 
Water for boiler and general use ... 00 2 
Gas “a ows see ae se 0 0 6* 
24 candles at 8d., 16s. 3d., dropped 
to 2d. ... ose se se aa 040 
Fuel, coke, andcoal ... 060 
Interest at 5 per cent.... a ove 0 4 7 
Repairs and maintenance, 10 per cent. 09 2 
Total ee - aie 1 16 10 
Thames Embankment. 
4000 candle power. 
4a 4, 
One engine man gee eve 06 8 
One assistant +. 068 
Two assistants... a ‘in 010 0 
Oil, tallow, turps, &c. is ei 7 
Water for boiler and general use 0 0 2 
Gas and sed oe ooo af 0 0 6* 
20 candles, each lasting 14 hour=80 
candles, at 2d. each... ove jen 013 4* 
Fuel, coke, and coal ... 049 
Interest at 5 per cent. ove ai 0 8 4* 
Repairs and maintenance, 10 per cent. 016 8* 
Total 3 8 8 


Now, itis a very difficult matter to put the proper interest 
to these Tables, inasmuch as the longer the lights are 
burned the less is the cost per hour; but as I must com- 
pute it in some way, so as to arrive at the actual cost, I 
shall take our own as we intend to use it, or I will give it 
the benefit of being lighted every night during which our 
gas-lamps are alight, viz., 240 nights, and allow them to 
burn from 5 to 54 hours. Any other deductions you 
wish can be made accordingly. In the preceding Table 
you will note that we have two engines and boilers, 
and during the last week we kept the plant going with onl 
one running ; therefore, we shall compare favourably wit 
the others in having reserve power, which is far better for 
working steadily and safely, andI may say it would be ve 
necessary to have other parts.of the plant in duplicate if 
we were working under penalties for not keeping up the 
illuminating power, and were fined heavily for occasionally 
leaving part of the town in darkness. 

Before closing my paper, I will say a word or two on 
some of the effects which our lights have produced in 
different states of the atmosphere, and conclude with a few 
remarks on electric lighting generally as an illuminant for 
our cities. The four lights as now placed light up the 
Promenade at Blackpool very well for a length of 1500 
yards, but not evenly, there being a flood of light direct: 
under them, and not so much midway between them, thoug: 
amply sufficient for any requirement. If there had been 
six lights on this length, the effect would have been uniform 
throughout. As comparing the ee of the light 
under various conditions, the best result I have noticed 
particularly has been on some nights when I have been 
able to read the time very readily by my watch at a 
distance inland of about 14 mile. This effect, I am of 
ere was caused by the reflection of some passing rain 
clouds which I noticed hanging about in large masses 
pretty low in the atmosphere. The same thing has been 
of particular benefit to some of the fishermen, who have 
had to go out on the sands about two miles away at night 
time to take fish, and they have many a time been able to 
see distinctly. The opposite effects are produced in a dense 
fog. I have only been able to see the lights at a distanve 
of 100 yards, and I could see at the same distance one of 
the large 100-candle gas lamps we have fixed in another 
om < the town, owing to the difference in the colour of 
the light. 

The strong concentrated light of an electric lamp is very 
bad for the eyesight, and I would not recommend any one 
having a weakness in that direction to look at them. I 
myself, as well as the men employed, have had painful 
experience of the result, although at the time we were 
Unconscious we were being affected. While experimenting 
with the lamps it is not noticeable, but after leaving the 
room the effect is severely felt, and if badly affected there 
will be no sleep for you that night, but you will have to 
sit up and keep the eyes wide open, and shaded from light, 
as it is impossible to shut them, so painful are they. This 
result has been produced, though in a less degree, in the 
case of a great many who have visited the room to see the 
mysterious apparatus at work. 

The grand idea of the divisibility and distribution of 


nena in Me same manner as gas or pve 
in; ing wires or mains ing through t 
prisatpal streets, with small theamabas $0 enh consumer — 
as not for a moment been entertained by any of the 
electricians, though this is the plan the anxious public are 
waiting for; the reason being that you cannot have a 
storage for your supply, as with gas, where you create a 


large reserve, and, 
leave those who require it pod turn on an outlet for 
the supply, and, by the grand old law of gravitation, they 
get all they want from the stock, while a fresh sapply 
would be making and storing for next day in the gas- 
holders. Not so with electricity. As it is generated, so it 
must be consumed ; for icity must move in a circle, 
otherwise | wet dee 2 a, it — it dis- 
appears. e same city does not move round again; 
it never passes the starting-point, but as it comes it dies, 
and makes room for more. Now, as it is impossible to 
store electricity in any appreciable quantities, we see that 
the object must be to u eee Os pear 28 it is being gene- 
rated ; therefore, the greatest difficulty is in the distribu- 
tion as produced. This will be found a t disadvantage, 
assuming that a town is to be supplied, for it would mean 
that the apparatus would have to be constantly going in 
order to supply light when any consumer might at his 
option desire to avail himself of it during the day or night. 
It would be like working a works withont holders 
for storage, with the same disastrous results cially 


comae of your pipes under pressure, 


speaking, namely, increased capital, and wear and tear of to 54s 


retorts, plant, and now and then all darkness for a short 
time in the town, if a sudden draught took place on the 
mains, owing to a establishment lighting up without 
notice. This feature in electric lighting has not as yet 
shown itself, it being now at the will of the manufacturer 
of the light when the lamps shall be lighted and put out; 
but let the consumer have that power left to him, which 
he will claim as his right if he has to pay the bill, and 
another difficulty is once more placed in the way of electric 
lighting for towns. 

Iam, of course, uming that there is no a ote | in 
generating electricity, for it is mere mechanical power that 
is required. Nothing is used in its manufacture, and, 
consequently, there is no end to its source. This leads me 
to the electric lighting systems of the present day, which 


are nearly all alike in their working, as regards divided | to a9. 


lights. The plan adopted is to put from half a dozen up to, 
say, twenty lights on one circuit—that is to say, one 
machine has twenty lights put on its wire from leaving the 
machine to coming back. The distance may be no object, 
so long as your wire has conducting power sufficient ; but 
here again you are met with a difficulty, otherwise you 
would increase the number of lamps indefinitely ; that is 
to say, the limits of the power of the machine are soon 
reached, and the more breaks or resistances you put on 
the circuit, so each of the lights is less in proportion, for 
the law of the flow of electricity is inversely as the resist- 
ance. Thus, let us suppose the current is represented by 
100; now add to the outside circuit a resistance of one 
lamp equal to the internal resistance of the machine, which 
is about the best result of the Siemens machines, and you 
have doubled the resistance to the current ; therefore, the 
total current is reduced to 50, of which the outside circuit 
has 25 available ; that is to say, double the resistance, and 
the current is halved ; treble the resistance, and the cur- 
rent is one-third, and soon. Therefore, you will see how 
quickly the lights are reduced in power, and how soon the 
maximum is reached, so that you could not have small 
lights so economical as large ones. The same is the case 
with lamps burning by incandescence; you all know that 
it is only the resistance to the current-flow that converts 
electricity into heat. 

I really cannot see the cause for gas directors becoming 
alarmed lest they should be driven out of the field for 
lighting our houses, for I am afraid that electricity, with 
its delicate working parts and complicated automatic cut- 
off arrangements—all which are claimed to be simple in 
action, but which I am certain would soon get out of order 
if left to take care of themselves in any ordinary house—I 
am afraid, I say, that the cut-off arrangements now in 
operation would be apt occasionally, under ordinary usage, 
to cut off all the supply on the circuits instead of that to a 
single house. For — squares, large halls, and for 
lighting the main thoroughfares of large towns, where 
more light is wanted than is now thought necessary b 
most local authorities, there, I say, gas and electricity will 
come into competition ; but I am of opinion that our main 
thoroughfares are well illuminated during business hours 
by the shop lights almost without the gas in the street 
lamps; so that to employ electricity on a large scale 
would be a waste of money, just as much as lamps of 200 
candle power being placed every 60 or so apart. 
After business hours there is, comparatively speaking, not 
anybody out of doors, and gas lamps are ample for the 
purpose of giving light. The scope which electricity has 
is sasonogaclly very limited, there not being so very many 
large spaces that will need to be lighted op so brightly as 
to justify recourse being had to it in preference to gas. 
There is a larger field open for it in the transmission of 
motive power, in which electricians may reap more remune- 
rative employment for their labours if they will accomplish 
their grand idea of utilising the tides, and the F of 
Niagara, in supplanting the | eer method of supplying 
motive power for the great industries of the world. 


M. pz LzssEps.—When a vacancy occurred in the list 
of Hono: Members of the Institution of Civil Engineers 
by the death of General Morin, the Council determined to 
invite M. de Lesseps to allow himself to be put in nomina- 
tion. The invitation having been accepted, one part of the 
formalities was observed on Tuesday evening, when the 
recommendation was submitted to and approved by the 
meeting. M. de Lesseps attended the sitting and expressed 








his acknowledgment for the distinction proposed to be th 


conferred—a distinction all the more valuable, he said, in 
that it was bestowed only on very rare occasions. took 
the opportunity of referring to his recent j to the 
United States, and said that the soundings and levels which 
had been taken clearly showed that a canal across the 
Isthmus of Panama was not only feasible, but would be 





easier to make than the Suez Canal. 


NOTES FROM THE NORTH. 


Giaseow, W oats 
Glasgow Pig-[ron Market.—Last ee ee thes 
non in pig iron market, owing to the occurrence of the 
Spring Sacramental Fast Da: the Glasgow district. 
en the market opened on Fri i 
considerable of ion i 
redustions in prices bei hb 
Business was done br | ‘orenoo: 56s. various 
agg receding gradually to 55s. 44d., but closing at 
. 6d. cash, and 55s. 9d. one mouth 70s sag sates Sayers 
there. The afternoon opened dull, with sales done at 
55s. 4$d., then 55s. 4d., and 55s. 3d. cash, down to 55s. 14d. 
and 55s. various prompts, and 55s. 3d. one month, closi 
with buyers st 55s. cash. The final pri id 
per ton under those of the preceding Fri y, and the entire 
gain of 2s. 9d., the extent to which the price of warrants 
was run up in the early of the week, was lost. Mon- 
day’s market was also dull, and prices closed 4}d. under 
those of Friday afternoon. Business was done during the 
forenoon at from 54s. 74d. to 54s. 2d. cash, and from 55s. 
. 5d. one month, the close being buyers at 54s. 6d. 
cash and 54s. 9d. one month, sellers holding out for 1}d. 
more per ton. The afternoon quotations were from 
54s. 43d. to 54s. 74d. cash, and from 54s. 9d. to 548. 1 
one month, and the market closed with bu at 54s. 7$d. 
cash and 54s. 104d. one month, and ating 14d. 
higher. Yes ’s warrant market was quiet, and only 
asmall amount of business was reported. Prices were 
somewhat weaker during the day, but they closed firm, 
and as on the previous day. There were transactions 
during the forenoon at from 54s. 44d. to 548. 74d. cash, 
and from 54s. 9d. to 54s. 104d. one month, the close being 
buyers at 54s. 6d. cash and 54s. 9d. one month, and sellers 
askin g lid. per ton higher. Iron changed hands in the 
afternoon at about the same prices as those reported durin, 
the forenoon market. The market opened very d 
y sales were repo in the forenoon at 
54s. 3d. to 54s. various prompts, ing to 53s. 6d. 
cash, improving again to 54s. one month, and 53s. 9d. 
cash, and then down to 53s. 9d. fourteen days. There 
was also much depression in the afternoon, with 
sales rapidly made at 53s. 8d. to 52s. 6d. cash. 
The firmness of toneassumed by the market, and the ad- 
vesdy auuaud bo tha hapaiel clam clieeh te She seamen 
ly cay e ho} view e 
a strong Government being formed after the termina- 
cave ew elections, and partly 8 amen 
weather and consequent good agricul: rospects, an 
to some ame the a steadily improvi eae trade. 
Towardsthe end of the week, however, there were dull 
accounts from America, which, together with reports of 
makers’ iron, bought for shipment to that country 
- _—— for sale - the ig aby th na — 
e improving tendency e market ; 
indeed, a sort of panic on a small Sue ensued. For the 
present, America is quite closed as an outlet for the surplus 
make of Scotch pig iron in consequence of the yoy 3 fall of 
a ~ me Fay os tos ae 
sign of coming forw: uy. 1) iron is very > 
and all brands are pressed for sale. The official quotations 
for makers’ iron are in some cases from 1s. to 2s. per ton 
lower this week ; and in second hands several brands are 


obtainable at still lower prices. Owing to the comparativel 
high pr ice of Cleveland pig iron the local demand for No. 
Scotch pig continues to be very steady, and its price has 


? 
therefore, not receeded quite so much has that of No. 1. 
Thereis more animation in hematite pig iron than in the 
rdinary brands of Scotchiron. Last week’s shipments of 
fiz iron from all Scotch ports amounted to 18,309 tons 
as compared with 12,913 tons in the corresponding week of 
last year. Thestock in Messrs, Connal and Co.’s ‘public 
warrant stores at the end of Jast week, which stood at 
438,137 tons, showing a decrease of 482 tons for the week. 
The number of blast furnaces in actual operation is 
114 as against 88 at this time last year. 


Mining Institute of Scotland.—The first meeting of the 
third session of this itute (formerly known as the West 
of Scotland Mining Institute) was held at Hamilton last 
Thursday evening. Inthe absence of the President (Mr. 
Ralph Moore, Her Majesty’s Inspector of Mines), the chair 
was occupied by Mr. R. B. Begg, M.E., and subsequently by 
Mr. J m, Assistant Inspectcr of Mines. The 
abstract of accounts was submitted, from which it was 
shown that there was a gratifying balance to the credit of 
the Institute. The annual report of the Council was read. 
On the motion of Mr. J.8. Dixon, a hearty vote of thanks 
was given to the office-bearers, and es ly to Mr. Gil- 
christ, the may rine for their past services. election of 
office-bearers for the new session was proceeded with, Mr. 
nae Moore being re-elected as President, and Mr. James 
Gilchrist, Earnoch, Colliery, Hamilton, re-elected as 
secretary. The discussion on Mr. Smith’s paper, descrip- 
tive of his patent signalling apparatus, was uded, and 
hewas accorded a vote of ie. Afterwards Mr. Begg’s 
paper on “‘ Coalcutting by Machinery’ was taken up, and 
again adjourned. 

The Royal Scottish Society of Arts.—The tenth monies 
of the Scottish Society for the current session too! 
—e onday night, Mr. Daniel W. Kemp, vice-presi- 

t, in the chair. Mr. James A. Russel, M.B., read a 
paper “On an Arrangement of the Morse Alphabet to 
acilitate Reading Signals,” by persons who are not 
familiar with the alphabet. Mr. Alexander Fraser, optician, 
ereafter submitted a comuunication Oe ee 


remitted to committees for consideration. 
meeting of the 
the new dock 
, and it was intimated 


Leith Dock Works.—At the last 
Leith Dock Commission <* was 





works were 
that 259,000. tenn the amount paid for work 
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METALS | "Olsvaland tag & «6. ze oc Capenen—consinned ed sed Preom (per cwt.)— a & oo & 
> OB. 20. seeceeee ° ec ross 8 6 
i P < ton)— £60 £ & pr a “ . ° ; : — wheels, engine Archangel ..........00+000008 - 0° ° : : 
NTIMONY Ong per a) °° bars... 17 8 rer rere Mar | Ca) 
Begalus(star of @ 78 @ “ Poller lates... 5 2 . 3 Tumbler bars and other . — (per ewt.) 
” Pail P 9 castings for Coylon lump......cccsseees 20 0 22 Oo 
Bass (per a. ‘he & sevresrsmres 2 ES 7 27 ° 0 GMD wouicnan SS © 39° 6 
Sheets, 48K 24 ....ceccccecee @O 8 ° a} | ; ~ - : sosenie Wai = A 20 26 (6 “ dust ........ al : <2 2 
Yellow metal .......c00+00+ °7 e 7 0. RAILWAY GREASE (per 
| 8 10 pe 
Oastines TYN# AND CLEVELAND -. 8m sigur ed behead > £ > cwt.)—Rose's a a ae 
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done. A letter was received from Mr. John Best, con- 
tractor, cage out the advan which the erection of 
tore on the vacant on the south side of the 
cee Dock would be to the port, and mentioning that it 
was not imp — to have appliances brought into opera- 
tion to f ng of cargoes on a similar 
system to that copted at Fade Feeling that it 
would be exceedingly b ial to t to such a propo- 
sition, the Commission oe the subject to a committee 
for consideration and report 
The Ta 
tender of the engine of the submerged train was recovered 
from the bottom of the river, and taken down to ho ean 
Harbour. Since then the engine itself has been 
brought ashore, and ante it was placed on the rails at 
fa ae, Ry coy very little damaged. A good deal of 
pap in the further lifting ra removal 
of oy Roben ecrders af the bridge, and all the wreck 
been most ages scrutinised by experts in view of the 
resumption of the Board of Trade 1 inquiry into the cause of 
the great disaster. 
The Czar’s Yacht.—On the afternoon of last Tuesday 
week a ceremony, at first intended to be private, 
but which developed at the last moment into a most 





interesting incident, took at the Be yp Shi : 
building Yard, Glasgow. ~ 4 novel yac 
Livadia, intended for the use B yin peror of Russia, 


and at present being built by Mesere, Jobe Bier and Co” 
though not sufficiently advanced to allow of her noble pro- 
portions being seen to advantage, is so far forward as to 
— of the ‘ormance of the customary religious cere- 

, according to the rites of the Greek Church, which 
oa ways associated with the construction of imperial 
vessels, as well as the rearing of national buildings. What- 
ever form the ceremony may usually take in the Russian 
Navy, it consisted on Tuesday in a )striking religious 
service, and the giesins o of a a He ew pote duly inseribed 
between two of — orming part of the 


pe = floor. present to “assist” at the 
oneal diet wing + ae officers: Admiral 
Popoff, rai Aide-de-Camp and poo of - Council 


of the ober of Construction ; 


Russian es so eal Navy, and roouar Rant of the ‘Grand 
Duke Constantine ; General Zaroobin, E and Colonel 
Mordvinoff, FA. ceneigretee of the circular ironclads 


mil Beeatter forth portion of the vessel which 
will not the ce of ay was gaily decked with 
bunting, and rom the April showers by an 
a and the red to whom the monster ship pre- 

incomplete form not an atom of resemblance 
to an Sie eee vessel, descended into the well-like com- 


Bridge Qossetiens, —On a gone last the 


partment by a tempo gangway. The Rey. Mr. 

Smirnoff, of the Senien Meteor’ in London, clad in the 
rich costume of an eccelsiastic of the Greek Church, con- 
ducted a choral and ritual service, assisted by a choir. 

The repository of the small silver aged bearing the name 
of the Livadia, was an Ry 8 late, on the 
surface of which a bed had been chinved out for it to 
lie in. The service of consecration being over, Admiral 
Popoff Cg ome the name-plate in its bed, and secured it in 
its place by red lead. A steel plate, fellow to fo the other, was 
then lowered upon it, and the two firmly rivetted together. 
Most of the persons present lent a complementary hand in 
hammering down the red-hot bolts, to the amusement of 
the more accustomed handlers of heavy tools leaning over 
the hatchways. The whole ceremony being at last con- 
—. the company adjourned to the offices to partake of 
uncheon. 


Death of one of George Stephenson's Contemporaries.— 
The death has just 
ley, engineer, ee, one of the links connecting the past | w 

o the present in railwa TTS ed bed Mr. Huntley was 
oon at Acklington, in 1 had consequently reached 
his 82nd year. He began life as a mechanic, serving his 
quapeniioahi with his father ; and in the year 1823 823 he en- 
4 the employment of Messrs. George Stephenson and 

» [Newcastle-on-Tyne, with whom he remained fora 
oii t about ten years. He may be said to have been a 
pupil of the illustrious George Stephenson, for he erected 
the first locomotive engine to draw a passenger train under 
Stephenson’s personal superintendence, and he had the 
honour of working it alternately with him on the 27th of 
September, 1825—the ab when a train 
Ss over the Stockton and Darlington Railway for the 
rst time. Mr. Huntley subsequently removed to Dundee, 
where he acted for a number of years as superintendent of 
the engines and permanent way on the Newtyle Railway, 
which was amongst the earliest of the railways laid down 
in Scotland. On the 20th September, 1833, the first loco- 
motive engine built at Ward oundry was started by Mr. 
Huntley. Up to that date the line had been worked by 
horses, and Mr. Huntley, who realised that the curves 
on the line were too sharp for locomotive engines, was 
empowered to alter them to his own satisfaction. In the 
year 1853 the patented a valve r, and he 
afterwards advocated the introduction of a continuous 
brake system under the control of locomotive drivers. 
Though unfitted for active work for a number of years 
back, Mr. Hantley continued to take an active interest in 
all questions of engineering science. 











Lonpon AssoctaTion or FoREMEN ENGINEERS AND 





DRAuGHTSMEN.—The twenty-seventh anniversary festival 





been announced of Mr. William Hunt- rail 





of members and friends of this Institution was held at the 
Cannon-street Hotel on Saturday last. The Right Hon. 
Sir Frances Wyatt Truscott, Lord Mayor, presided, and 
he was supported by the sheriffs and under-sheriffs of 
ae om P Middlesex, the Earl of Aberdare, Alderman 

illiam Lawrence, M.P., &c. During the evening Mr. 
Newton read over a list of subscribers and of subscriptions 
to the benevolent funds of the Institution. The amount 
co ntributed was exactly one hundred guineas. 





Frencn Rarttways.—The new French Minister of 
Public Works, M. Varroy, has issued a tion calling 
for quarterly reports on the progress made in the quegion 
of the railway extensions inaugurated by M. de Freycinet. 





SourH AusTRALIAN RAILWAys,—An extension of the 
Northern Railway of South Australia, connecting Hamley 
Bridge with Balaklava, and establi: ishing uninterrupted 

communication between Adelaide and Wallaroo, 
ormally opened by the Commissioners of Public 
Works on January 15. The new branch line is 22} miles 
long, the earthworks have cost 45,0001., and the total 
outlay is estimated at about 100,0001. 





PENsACOLA.—A_™ Lee + passenger line is to be formed 
from New York to Havana vid Pensacola ; making the 
entire trip in four days, but two of which will be spent on 
the water, thus avoiding a long and dangerous sea voyage. 
A line of freight cars with passenger trucks will carry 

fruits from Pensacola to northern markets, placing 
fruit in St. Louis and Chicago only four or five days after 
it leaves Cuba. A line of steamers is also to be established 
between Pensacola and Vera Cruz, Mexico, which, it is ex- 
pected, will attract a large portion of the 20. ,000 passengers 
annually passing between that port and Europe. 





TWICKENHAM SEWAGE PumpinG Enaines.—In En- 
GINEERING of January 9th last we illustrated the sewage 
and = engines constructed for the Twickenham 

orks by Messrs. Hayward pe and Co. The 


aon of twelve months during which th ers. were 
responsible for repairs having now expired, “it may be inte- 
resting to note the extent and nature of the repairs. The 


wn Ey: gaat EEY ‘he whol — 
or long eir 8 

The repairs consist of two furnace-door frames (Martin’s 
_ cracked with the heat ; two 
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JAPANESE METALLURGICAL 
PROCESSES.—No. III. 
By Epmunp F. Monpy, F.C.S. 

Smelting the Roasted Ore.—The operation of smelt- 
ing is conducted in cavities formed in the ground, 
surmounted by a hood to carry off the smoke, &c. 
The cavity or furnace proper is roughly rectangular 
with the corners rounded .off, while the sides 
inside are carried nearly vertical for a short 
distance down from the top, and then are rounded 
in towards the middle at the bottom. The 
dimensions of this cavity are about 23 ft. to 3 ft. 
long, and 2} ft. to 2} ft. wide at the top, and 2ft. 
deep. Great care is taken in preparing a good solid 
and dry foundation for, and compact bed to receive, 
this cavity. In the absence of a knowledge of the 
exact method adopted at these works in preparing 
this foundation, &c., the following extract from a 
description given by Mr. T. Oki (a student of the 
Japanese Engineeri e College) of the method 
adopted at a copper refinery in the Island of Shikoku 


will show the care that is necessary to be taken in | 





would lead him to consider this as far too frequent. 
Above the nakadoko the bed is formed to receive the 
furnace proper. This is p as follows: Upon 
the nakadoko fuel is burned, and the ashes so formed 
are well beaten down, this is repeated several times 
until a sufficient quantity of ashes is formed in hard 
layers. Fae! this the furnace cavity is formed with 
well-kneaded clay and charcoal powder thoroughly 
mixed together. The thickness of the sides of this 
cavity is about 9 in. or 10in., and the surrounding 
8 to a small depth from the level of the top of 
the it is filled in with the same mixture as that 
moos for the nakadoko, being a similar but coarser 
mixture than that used for the furnace cavity. In 
this newly made furnace some wood and charcoal is 
burned and left to itself for one night, when it is 
ready for use on the next morning. 

The blast at these works is uced by bellows 
of the ordi 
behind through two tuyeres about 12 in. or 14 in. 
apart, The hood is a rude structure formed of a 





framework of wood and bamboo plastered over with 
clay, the whole being supported by the two narrow 
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A. Jidoko. 

B. Furnace cavity or hearth. 
C. Fire-clay cover. 

D. Nakadoko, of coarse subai. 
E. Lining of fine subai. 


making this foundation, and is no doubt approxi- 
mately that which is followed at most other works, 
In preparing a new furnace, a pit about 5 ft. square 
and § ft, deep is dug. This pit is then lined at the 
sides, and on the bottom with rough stone walls. 
The depth is then divided into three parts, the 
lowest (about 5 ft. deep) called the Jidoko (foun- 
dation bed) is filled up with rough pieces of 
stone so as to leave free air-way among them, At 
the bottom air-ways are formed, which, by means of 
channels, communicate with the open air. By this 
means a free circulation of airis kept up, and the for- 
mation of moisture prevented, The jidoko, when once 
properly made, will last for years without repairs. 
Above the jidoko comes the Nakadoko (middle 
bed) about 1ft. thick. This is formed of a mixture 
of clay and charcoal powder calied Susai, The 
nakadoko requires frequent repairs, and is recon- 
structed about every seven or eight days. The 
writer’s experience, judging from the comparatively 
small number of furnaces seen undergoing repairs, 








coarse subai. 


H. " 
K. Sight hole for the leading bellows man to 
watch and follow the smelting operation. 


side walls and the back wall. 


During the working 
the furnace cavity is covered over at the 


, ex 


tending over about two-thirds its width, by a fixed | gul 


fireclay cover. This cover, which serves to retain 
the heat, is made three or four days before required 
and allowed to dry — , 

The general form of these furnaces will be 
thoroughly understood by reference to the accom- 
panying sketches, in which Fig. 7 is a front eleva- 
tion, showing the furnace cavity in section, Fig. 8 
is a plan, and Fig. 9 is a sectional elevation. 

There are ten such furnaces at these works placed 
together in the smelting house without any special 
arrangement. The smelting house is a rude but 
more or less substantial building divided into 


compartments by partition walls, in. each of 


which is placed one or.two fur and its ap- 

Be “is cescting by an extrematy legis opesetion’ 
ting is an le 

consisting as it does of a simple fusion of the ore 





before a strong blast of air, which partly reduces 


prod 
blacksmith’s form, and enters from | fire, 


the remaining sulphide in the roasted 

; metallic copper; this collects at the bottom, 
while the unreduced portion collects in the form of a 
regulus or matte between the metallic copper and 
the slag, which latter forms a viscous mass floating 
on the top of the regulus. The charge consists 
of 600 kuwamme of the roasted ore, which, in these 
works, is charged in two ions, 

Work commences at five o’clock in the morning by 
placing some ignited charcoal in the cavity, upon 
which is thrown a quantity of fresh charcoal, the 
bellows being then started. As soon as the fire is 
well ignited a quantity of ore is thrown upon it, and 
then more charcoal and ore, until the n juan. 
tity of somewhat more than half the ore is the 
whole forming a good heap above and all round 
the furnace cavity. The bellows are now worked 
fully and regularly, while the smelter attends to the 
taking care that the heat is fairly distributed 


through the mass by filling up any which form 
and through which the blast would a more easy 
escape ; in this way the charge is gradually worked 


off in about four hours, the whole being raised to a 
strong heat during the latter of the operation. 
At the end, when the whole is seen to be in per- 
fectly liquid fusion, the fire is thrown back and a thin 
layer of ashes scattered on the und in front of 
the furnace, and upon this the smelter rakes out the 
fluid slag, leaving the regulus and copper, and a 
small quantity of slag, in the furnace until the other 
half of the charge is worked off. 

As soon as the slag is removed the live charcoal 
is returned to the furnace together with some fresh 
fuel, and the bellows again started. The remain- 
ing portion of the ore is now charged together with 
charcoal in a.similar manner to that already de- 
scribed, and the work as before. As soon 
as this is finished the fire is again thrown back, and 
the greater portion of the slag removéd as before. 
The clay cover over the back’ part of the furnace is 
now removed and thrown on one side, and the space 
around the cavity is cleared of all BO. a 
give room to work. The last. portion’ of. 
beiug somewhat rich in copper, is removed sepa- 
rately, by throwing water upon it ‘in ‘the cavity 
the furnace, and thus solid ‘it in one 
cakes, which are removed by méaus’ of painted 
iron tool inserted into each one previous to it 

cation. Miles SS hate OT wri 

As soon as the last portions of slag aré remoyed 
the regulus is withdrawn in cr a8 
adopted for the removal of thé 
regulus, however, is ret 
thick, the sofidifiontion, which. — 

wing water upon. its surface at first, but as the 
cavity cools down the cakes form ria 
they can be removed. The coupe remaining in the 
furnace after the: removal of hep sense solidi- 
fied by throwing water upon ‘it, and is taken out in 


one or two lumps. pte SY : 
After the whole charge is worked off, ee 

is cleaned up and the furnace repaired, an got 

ready for the next day’s work, ‘bis’ is done by 


' | mending any broken places in the sides or bottom 
| of the cavity with 4 mixture of clay and charcoal 


dust: applied moist, and stamped down with a 
smooth boulder, after which a new clay cover is 
fixed in place, and lastly a fire made in the cavity, 
and allowed gradually to burn away. 

The whole time occupied in working off the 
600 kuwamme of ore is 8 hours to 9 hours, and for 
repairing the furnace and other odd jobs about 
two hours more, making a day’s work of 10 hours 
to 11 hours, , 

The products of this smelting are on the average, 
40 kuwamme of copper, and 120 kuwamme of re- 
us. The extremes being 20 kuwamme to 50 
kuwamme of copper, and 90 kuwamme to 120 ku- 
wamme of regulus. A eer of rich slag is pro- 
duced, which is carefully sorted and re-smelted. 
About 160 kuwamme of charcoal is used in smelting 
the 600 kuwamme of ore. : 

An assay of a sample of regulus from this smelt- 
ing gave the following results : 


Copper Pou - 
Iron... 4 
Sulphur ose 20.2 


A more detailed description of a smelting opera- 
tion, with the tools used, manipulation, &c,, will be 
given later on. 


Roasting the Regulus. — The regulus or kawa 
(Japanese) uced in the last and sy apes 
smeltings is broken up into pieces about the of 


the palm of the hand and charged into a kiln 
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together with the necessary quantity of fuel and 
roasted. The kiln used for this operation is similar 
in construction to that used, and already described, 
for the ore roasting; it is, however, only about seven- 
tenths its size, and is provided with only one open- 
ing in front. The dimensions of the kiln are 5 ft. 
square and 3} ft. deep, the corners at the back not 
being rounded to nearly the same extent as in the 
ore kiln, The hole in the front is about 5 in. wide 
and l0in. deep. The roasting charge is 350 kuwamme 
of regulus, which is charged into the kiln together 
with the necessary fuel in a manner similar to that 
already described for the ore roasting. The charge 
is subjected to three successive roastings, the whole 
occupying about 20 days, the first roasting taking 
somewhat longer than either of the othertwo. The 
amount of wood used in completely roasting one 

e of 350 kuwamme of regulus is a pile 10 ft. 
long and 5 ft, high of billets 20 in, long, or about 
83 cubic feet, or two-thirds of a cord. ‘There are 
22 of these kilns in use here. 

The Regulus or Second Smelting.—The roasted 
charge of $50 kuwamme of regulus is next smelted in 
one operation. The furnace used is in all cts 
similar to but slightly smaller than that and 
described for the ore smelting. The work com- 
mences at five o’clock in the morning ares 
the fire in the furnace cavity which has been Fa 

the previous day. As soon as the fire is fully 
ignited, the roasted regulus is thrown upon it to- 
ther with a quantity of charcoal, after which the 
Fellows are kept going while the smelter attends 
to the fire, by continually age 3 it together, re- 
plenishing it when necessary with fresh charcoal, 
and once or twice during the operation throwing 
the fire aside and skimming off a portion of the slag. 
Between 10 and 11 o'clock the smelting operation is 
finished, when the fire is thrown back and quenched 
with water, the clay cover over the furnace cavity 
is removed, and the slag skimmed off. After the 
greater portion of the slag has been removed, the 
remainder together with the regulus and copper are 
removed in solid cakes as in the ore smelting. This 
ted the place is cleared, the furnace cavity 
repaired, a new clay cover fixed, and the wholedried 
ready for the next day’s work, There are two fur- 
naces kept for this work. The products formed in 
this operation are — 120 kuwamme to 130 
kuwamme, regulus 90 kuwamme, and a quantity of 
rich slag called Karami. 

The. regulus goes back to be roasted, together 
with that from the ore fusion, and the rich slag is 
sorted out for resmelting. About 100 kuwamme of 
charcoal is used in this smelting, An assay of the 
regulus produced gave the following result : 


Per cent. 
poaper-- eve ian on nd = 
Sulphur. m. : 19.0 


Treatment of the #.—The rich portions of the 
ae — and regulus smeltings, to- 
gether with the rich cupriferous skimmings from 
the refining operation, and any cupriferous matters 
produced in the works, are next submitted to a 
simple fusion to recover the copper they contain. The 
charge consists of 450 kuwamme, previously broken 
up into pieces about the size of a walnut, and charged 
in two portions, together with the necessary fuel, on 
top of a fire in a previously prepared furnace cavity 
in the usual manner, . The operation of fusion then 
proceeds in a manner similar to that already described, 
and is finished in about five or six hours. The furnace 
used is one of those used for the ore smelting, the slag 
being removed once during the operation previous 
to charging the second portion of the charge. The 
products of this smelting are, on the average, 
copper 10 kuwamme, regulus 20 kuwamme, and slag, 
a portion of which is returned to be resmelted. This 
smelting is naturally very irregular in its yield. The 
amount of charcoal used insmelting is 97 kuwamme. 
The assay of a sample of regulus from the slag 
smelting gave : ' 


on bs a 
Sulphur ot act ons * Y 
Insoluble residue 1.0 


Remelting and Refining the Crude Super. — This is the 
only other operation conducted at these works. It 
is a simple one, and is carried out in one of the ore- 
smelting furnaces. This being so there can be very 
little aim at “‘ refining” as the direction of the blast 
in these furnaces is nearly horizontal, while the 
Japanese know full well, as will be shown further on, 
that in order to refine their metal the blast must be 





directed well down upon the surface of the molten 
mass. The furnace being pre as usual, and a 
fire started in it, the copper is ged in lumps to the 
amount of about 230 kuwamme at a time, together 
with a quantity of charcoal ; the fire is then urged 
until the whole of the a r is melted and sunk down 
into the furnace cavity. Shortly after this the bellows 
are 58 , the fire removed, and the surface 
skimmed of the slag and dross resulting from the 
fusion, As soon as the surface of the copper has been 
cleaned it is laded out in iron ladles into iron ingot 
moulds of the ordinary type. As already stated these 
moulds are of foreign origin and have on the bottom 
of the inside in rai ,* the words ‘* Copper 
mine in Kazuno, of Tictiu” in English, as well as 


the name of the merchant in Japanese and English, | p 


which characters are transferred to the ingots of 


copper. 

The yield of this remelting is 190 kuwamme of 
ingot copper from the 230 kuwamme of the crude 
metal forming the charge. The slag and dross are 
returned to the slag fusion. The time occupied in 
this fusion is three hours, and 843 kuwamme of char- 
coal are used. 

The yield at the time of our visit was given as 
8320 kuwamme, or about 31 tons per month of thirty 
days, or about 372 tons per year. This is in excess 
of that produced during the last few years, but 
much below that formerly obtained. 








CANADIAN RAILWAYS.—No. XXXIII. 
GREAT WESTERN OF CanapDa.—III. 

CANADA is entered from the city of New York 
in fifteen or sixteen hours, and in 446 miles, over 
the airy Suspension Bridge, described in the last 
paper, which spans the Niagara river at the point of 
its greatest beauty, and between its two most im- 
posing sights, the Falls and the Whirlpool. Two 
miles above the bridge is the glorious vision of the 
world-renowned cataract, where, as the Indians say, 
the Great Spirit cut the throat of the Upper Lakes. 
Too far from the trashy pettiness and show annoy- 
ances which profane the immediate presence of the 
Falls, no better panorama of the whole river can be 
obtained than from the upper railway platform of 
Roebling’s noble structure. The rapids above the 
cataract, the great plunging mass of the Horseshoe 
or Canadian Fall, the sparkling sheet of the American 
Fall, the silver ribbon of the little Montmorency 
between the two, the rising clouds of mist and spray 
that conceal the lower portion of each, then the deep 
blue water with its thin streaks of foam emerging 
from the roar and mystery of the lower abyss, the 
radiant glory that crowns the whole with its 
prismatic splendours, and the fervid flood of dark 
indigo that sullenly chafes the rocky sides of its 
channel, sunk deep down below the level surface of 
the banks, are all in sight at once. The eye never 
tires of the wonderful picture and the marvellous 
variety of scenery combined in one coup dail. 
Following down the t gorge that has been dug 
out by the incessant Eotes of the water for untol 
ages, the deep blue fathomless river, angry but sub- 
dued, sullenly steals on towards the dizzy structure 
that spans like a gossamer its dark, dangerous- 
looking flood. As it is abcut to disappear from view 
under the bridge, suddenly it is again lashed into 
fury, and dashes under your feet in a boiling rapid, 
as if in disdain at the puny efforte of man to add 
anything to its interest or cross its majestic course. 
To the north, or opposite side of the bridge, the 
rapid is seen in all its frenzied and appalling magni- 
ficence, the water, 6 ft. higher in the centre of the 
stream than at the sides, rushes along with impetuous 
fury like a suicide to his fate, till, dashing madl 
against the opposing rocks that rudely deflect its 
course, it is impelled sideways, and whirling madly 
round with redoubled energy in circling eddies forms 
the great Maelstrom of Niagara, a scene far more 
impressive and terrible, more awfully grand and wild, 
than the great cataract itself. 

Clifton, the Great Western terminal station in 
Canada, is a rapidly rising town, commenced since 
the railway and suspension bridge were completed, 
which now contains a population of over 5000, and 
forms an excellent centre for tourists who wish to 
“do” the wonders of Niagara. The great bridge 
gives equal access to the points of interest on both 
sides of the river, and it was to do away with this 
advantage possessed by Clifton that the American 
town of Niagara Falls constracted the longer and 
lighter bridge for passenger traffie only immediately 


* These words are taken from Munroe’s paper already 
referred to. 
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below the cataract to the Canadian side. For- 
merly a small steamer plied on the two miles of 
placid water between the Suspension Bridge and 
the Falls, and with daring audacity would run her 
prow almost close to the massive sheet of the Ame- 
rican Fall; her short run between the Hog’s Back 
Rapid, which commences just above the bridge and 
the Falls, being about as dangerous a looking trip 
as it was possible to conceive and an apparently 
hopeless one in case she e unmanageable, or 
approached too near to the dashing water at either 
end. The little Maid of the Mist at last got into 
trouble, not, however, in the way so often predicted. 
Clamorous creditors awaited her arrival at either end 
of her trip, and the sheriffs of both countries were 
repared to pounce upon her in their interest, when, 
in a fit of desperation, the captain-owner, with one 
man atthe engine and hi at the wheel, turned 
her head to the centre of the tremendous rapid, and 
with a full head of steam steered her directly on the 
convex waters of the Hog’s Back to the vortex of 
the Maelstrom below. One terrific lurch wrenched 
the iron chimney from its fastenings on the boiler 
and cleared everything from her deck. The next 
moment the bare hull with its exposed paddle- 
wheels, for their coverings had also disappeared, 
had passed the outer eddy and gained the friendly 
but still furious rapid below. few minutes suf- 
ficed for the exciting trip of five miles, when the 
battered but still uninjured frame and casing, for 
there was little more than this left of the vessel, 
reached the still water of the Niagara below the 
great gorge at Lewiston, after her unique but dan- 
gerous expedition. With the Maid of the Mist de- 
parted one of the attractions of Clifton, but plenty 
remain; and the village outgrowing its original 
plan, is now a port of entry and custom-house, the 
imports into which are said to exceed in value those 
of any other entrance into Canada, although the 
bonding system robs it of the full credit of the 
amount of business actually transacted. 
Immediately outside the station the two Great 
Western routes diverge, the old ‘‘ main” line to the 
right through Hamilton and London, the other, the 
‘‘air” line, though only four miles shorter, to 
the left, to rejoin each other again at Glencoe, 146 
and 150 miles distant by the respective routes. 
Following the older, longer, but still express road 
to the right, the Erie and Ontario is crossed a mile 
from the village as it commences its descent of the 
mountain to the town of Niagara at the mouth of 
the river, this line, once a branch of the Great 
Western, being now worked by and belonging to 
their rivals, the Canada Southern. Falling gradu- 
ally by an easy grade, the Great Western skirts the 
sloping escarpment of the Niagara rocks, and near 
Merriton, 9} miles from Clifton, crosses the line 
of the Welland Canal. This noble work, of which 
Canada has just reason to be proud, is seen from 
the railway to the best advantage. The masts of 
vessels, funnels, and upper works of steamers 
dotting the hillside at different elevations, and 
ap ntly in the most incongruous and inconceiv- 
able disconnexion from the element on which they 
are usually to be found, amongst earthworks still 
under execution, green fields under a careful and 
successful cultivation, warehouses and manufactories 
which border the canal, invisible to the observer, and 
at twenty-six different elevations, as it climbs up 
the steep of the Niagara ascent, form altogether as 
culiar a panorama as it is possible to imagine. 
hen all is finished there will be here two canals 
between the St. Catharine’s level below the railway 
and the upper level reach that leads to Lake Erie ; 
one ada nay for vessels of 400 tons burthen, the 
mitting the largest lake craft of 1500 tons. 
The increasing business of the canal, and - especially 
the works of enlargement now being prosecuted 
and nearly eotagheted, have rendered the old railway 
crossing by a swing bridge not only objectionable, 
as involving delay and danger, but seriously in- 
jurious to the tratfic of both the railway and canal, 
and a tunnel underneath the latter has been con- 
structed for the railway, which will enable the work 
of the one to be conducted without the interference 
with the traffic of the other. The cost has been 
defrayed by the Government as part of the canal 
enlargement-scheme. The tunnel is 665 ft. long, 
16 ft. wide, and 18 ft. from the level of the rails to 
the crown of the arch, which is only 24 ft. below 
the bottom of the canal. -'The approach is made by 
easy curves as a diversion of the railway to the 
south of the present track. Two miles beyond this 
is the rising city of St. Catharine’s, which calls 
itself the Saratoga of British America, and is a 
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rapidly increasing town of 15,000 or 16,000 inhabi- 
tants, This place is the head-quarters of the Welland 
Canal, and although five miles from Port Dalhousie, 
the outlet of the canal on Lake Ontario, has always 
been the real terminus of the navigation of that 
lake, as the two locks below the town were, even 
in the oldest canal, of larger capacity than the 
others, and equal to the of the same crait 
that could navigate the St. Lawrence, In addition 
to the traffic created and concentrated on this place 
by the canal, and the money in circulation in con- 
nexion with the works of construction and enlarge- 
ment, which haye been going on more or less un- 
interruptedly for the last fifty years, the surplus 
water of the canal has always been utilised for the 
purpose of driying machinery, and hence mills and 
manufactories have clustered round each of the locks, 
almost the whole of which are in this neighbour- 
hood. The alterations and enlargement of the 
canal, and especially the cutting down of the upper 
level, which is now fed directly from the never- 
failing supply of Lake Erie, makes this important 
water-power more desirable and available than 
ever; and when it is realised that the power of 
the canal water just above St. Catharine’s is, in 
fact, that of the whole of the rapids and falls of 
Niagara, divided into twenty-six different levels, 
each under perfect control, distinct from its neigh- 
bours, and individually available for mechanical 
urposes, the wonderful advantage of this canal to 
Be. Catharine’s must be apparent. Some years 
since an American company was formed to con- 
struct an hydraulic canal on the New York side 
of Niagara for the purpose of supplying power to 
different manufactories, and to a certain extent the 
scheme was carried out, several small shoots of 
water below the Falls on the American side, 
marring the sublimity of the natural scenery whilst 
they mark the site of the mills already erected. 
Some two years since Dr. Siemens proposed, in an 
address at Glasgow, a scheme for utilising the 
16,800,000 horse power of Niagara, and explained 
the means of making this available at distant points 
by the electric conductor; but at St, Catharine’s 
the whole of this is already in process of elabora- 
tion, and the Welland Canal has subordinated this 
enormous energy to the purposes of mechanical 
industry in a manner that the wild majesty of the 
natural cataract can never be subj to, and so 
divided up, distributed, and economised the power 
obtained, that exactly the proportion necessary can 
be leased off or apportioned to the occcupant that 
his necessities demand. Important as the functions 
of the Welland Canal may be as the great navigable 
channel between the two inland seas of Erie and 
Ontario, it is just possible that the immense water 
power created, and as it were offered to the require- 
ments of industry at the chea possible terms, 
in the best possible manner, and in the best possible 
situation, is probably in the future of Canada as 
important a result as the original object for which 
the canal was constructed. The one may be super- 
seded by other avenues of commerce, and railways 
may successfully compete in economical carryin, 
capacity, but the millions of tons of water poure 
hourly into Lake Ontario over 300ft. in vertical 
height, regulated by the locks and weirs and sluices 
of the Welland Canal, will still remain the willing 
and obedient slave of future generations, to grind, 
and weave, and work in a thousand different ways 
for whoever chooses to exact its service. The 
saline springs which have assisted in bringing 
St. Catharine’s into notoriety were brought into 
pore and their merits made known principally 
y Colonel Stephenson, who owned the original 
spring and built here the S House, an 
immense hostelry capable of pee ge four 
hundred guests. The water, which is both 
externally and internally, is a saline tonic, and is 
wonderfully efficacious in certain chronic cases, that 
bring here numbers of invalids. Besides its use 
locally, the water is concentrated and exported in 
large quantities. The original well yields 130,000 
gallons per day, and a second has since been dis- 
and extent, 
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covered of the same apparent quali 
Leaving St. Catharine’s, the Great. 
near the Lake Ontario level, its waters, 
and skirts the shore of the lake, and Burlington 
Bay at its head, to the city of Hamilton, 434 miles 


from Suspension Bridge. ' 
Hamilton, the ‘‘ Ambitious »”. is situated on 
the south-west extremity of B Bay, which 
is a large, beautiful, triangu of water seps 
rated from Lake Ontario by a san Segh tie tins 


long, apparently thrown up by the waves which 








even now sometimes nearly go over it, and which is 
erally only about 300 ft, in width. Through this 
a short canal was cut in 1830, consi of 
two long wooden piers about 130 ft. apart, which 
were sunk in a channel dredged out for each thro 
the bar, and into deep water on either side, e 
interval between the piers was then cleared out, 
thus giving a communication between the Hamilton 
side of the bay and Lake Untario, and making the 
bay an excellent harbour. The railway skirts this 
harbour for over a mile on the city side, and here 
the company have an excellent wharf, with elevators 
and every facility to do a very much larger business 
than they have yet brought to the side of Lake 
Ontario; nor have they ever apparently cared to 
encourage that obvious traffic that seems so natural, 
the bringing of western produce to this point for 
shipment from Hamilton to Montreal and Quebec, 
ms | by this route to Europe. Itis 373 miles from 
Hamilton to Montreal by water or rail; it is 490 
from Hamilton to New York by rail, and more by 
canal; but the Great Western has always been so 
blind to its own interests, and to the interests of 
Canada, or so engrossed with the American influences 
that apparently controlled everything, that the 
obvious geographical route was never allowed to 
have a fair tria we poe the foreign longer line that 
carried the nat business of Canada to the port 
of New York. Very much less outlay than was 
expended in putting two unnecessarily large steamers 
in the passenger trade of Lake Ontario, would have 
equipped a small fleet of screw steamers that would 
have nearly monopolised the grain exports of the 
Canadian peninsula, and thrown an immense traflic 
on the Great Western of far greater value than the 
New York grain trade has ever been to the railway. 
Hamilton early attracted the attention of the mili- 
tary men who laid out the thoroughfares of Upper 
Canada, but its situation, cut off at that time from 
Lake Ontario and underneath the high mountainous 
ment of the Ni rocks which here ap- 
roach quite close to the Ontario shore, was against 
its being placed on the line of communication which 
General Simcoe, in 1800, laid out to open up and 
develop the interior of the country. His scheme 
was, when it became necessary to remove the seat 
of Government from themouth of the Ni to 
leave the old capital, Newark, as a mili ortress 
to defend the frontier; to remove the seat of civil 
government to Toronto across the lake 40 miles due 
north ; and to establish a military centre half way 
between either Toronto or Newark at the east and 
the further American boundary of the Detroit to the 
west. This settlement, or military centre, would 
have been where London now stands, and from ii to 
Toronto he proposed to cut a military road in as 
direct a line as possible, and ultimately to continue 
this to Kingston and Montreal east and to the De- 
troit River west. This road, which is called Dundas- 
street, was made in 1811, being cut through the 
primeval forest by the soldiers, and runs for 100 
miles closely el to the Great Western Railway. 
At a point five miles from Hamilton, which is now 
called Dundas, a road was cut to Burlington Bay as 
a branch, and now forms the main street between 
Hamilton and Dundas, and this has lately been 
adapted to steam locomotion without impairing its 
utility as a highway. At the time that General 
Simcoe’s main road was cut, Hamilton was not in 
existence, and a small settlement of fishermen 
established on the Lake Shore seven miles to the east 
were the only white inhabitants between what is 
now Hamilton and Toronto. In 1812, however, 
Hamilton was laid out, but for many years its pro- 
gress was extremely slow, and in 1836 it contained 
only 2846 inhabitants. opening of the Bur- 
lington Bay Canal a year or two before had then 
given it a start, and shortly after another short cut 
called the Desjardins C made by a private com- 
pany, gave it another feeder. tter work 
opens a communication from Burlington Bay to the 
town of Dandas, five miles west from Hamilton 
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Although factories driven by water have n 
been established at Dun which is a separate 
municipality, those works w steam power was 
employed seemed to prefer Hamilton. At an early 
date in the sewing machine business, Wanzer, an 
enterprising German, established a works in Hamil- 
ton for the manufacture of sewing machines, and his 
machines, cheaper than the American and to say the 
least nearly as good, became ular. Others fol- 
lowed him in the same trade, and there are now four 
large se machine factories in Hamilton, besides - 
others in St. Catharine’s, Galt, and Guelph, the 
works in Hamilton alone employing 500 hands, and 
turning out machines wash over half a million 
dollars per annum. Hamilton has gone largely 
into other manufactures. There is an iron g 
mill here, a forge, and several large factories for 
building engines and other machinery. The 
glass trade was commenced, but the ——— 
of the American manufacturers of Pittsburgh, with 
the unfair way of trade adopted in selling below 
cost price to Hamilton shut up these 
works, which, however, under the influence of the 
new fiscal policy adopted in Canada, are in in 
operation. This has also been the principal depét 





for the building, equipping, and operating of the 
lake taaing, 2G47the paroieal ger line of 
steamers in Canada from here to Quebec start their 


boats from Hamilton every morning, exceptSundays, 
of open navigation. 

At Hamilton the main line is joined by the 
Toronto branch, 39} miles long. e two roads 
start side by side from the station, run together 
like a double-track railway for about a mile, and 
then diverge, the one east the other west. The 
Desjardins Canal is crossed by the double line just 
before the divergence, being spanned now by 4 
fixed iron bridge to replace the old swing bridge, 
the failure of which ‘was the cause of one of the 
most terrific railway accidents that ever occurred 
when, on the 12th of March, 1856, over sixty pas- 
sengers lost their lives. The course of the railway 
from here to Toronto is parallel to and seidom 
over a mile from the shore of Lake Ontario, run- 
ning along a level fertile country, a picture of 
rural comfort and agricultural prosperity. But level 
and well-drained and fertile as it is, other develop- 
ing districts and more easily farmed soils, have taken 
away, as profitable industries, many of the crops on 
which the farmers here formerly relied ; and during 
the last few years changes have been forced upon 
the agriculturists, which would argue that for the 
most economical working of the land, the cultivators 

uire, as in other employments, to know what is 
doing outside of their own area, and to turn their 
attention to whatever crops suit the modified circum- 
stances in which they find themselves placed. 
Wheat-growing, for instance, has ceased to be now 
a particularly paying investment along the shores of 
Lake Ontario, and the farmers are beginning to pay 
more attention to fruit ry and grazing. Market 
gardening and especially fruits such as straw- 
berries, —— currants, &c., are beginning to be 
now a pendence for their returns, and the 
quantities of the first of these raised along this short 
railway between Hamilton and Toronto, and sent to 
the markets, especially of the latter city, are 
enormous. At the stations on the line, parti- 
cularly at Bronte and Port Credit, the quantity of 
strawberries sent off is astonishing. On one day in 
last season the little village of Oakville, the stopping 
place between these two, shipped off 45,000 quarts, 
oe of oe swery ; and ram ao 

is little place shi over 200 tons principally for 
the manners market The berry — mostly 

ung girls, were paid a cent a quart for gathering 
fon and 2160 dols. were paid in wages by the 
large gardeners for the 216,000 quarts sent off by 
them for gathering alone. ey are packed in 
small square chip baskets holding a pint each, and 
44 dozen of these are packed in tiers in wooden 
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THE TESSIE GAS PRODUCER AT THE WORKS OF MM. DE WENDEL, LORRAINE. 
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which at present have to use the Great Western. us rivals, As the Great Western ap- jer Northern Railwa; in then two Grand Trunk 
The terrible competition of these new roads, launched oie the different connecting and com- ine lines to their sheds, and the Grand Trunk 
as many of them are with a very mcderate bond in- |e ‘lacs come closer together, dnd for the last bn Toronto, Grey, and Bruce Wharf lines, Then 
debtedness of probably not over 2000/.: rere, ouror five miles thereare more parallel railways to be | the Northern an " Great Western come together, 
mile, and owned by tro oF three people who bare ve | crossed by a north and south line drawn at right | the wider gauge of the Northern being accommo- 
other sources of income than the one of the | angles from the lake, than probably could be found | dated by a third rail, and immediately after the main 
traffic to be obtained, is a serious question fcr | anywhere in Europe. Nearer to the city, the Great | line of the Grand Trank is crossed, and ultimately, 
the old heavily worked, heavily indebted main lines, | Western, immediately on the Lake Shore, has within in company with the other three, it runs along the 
eee a mile of it the Credit Valley, Grand a esplanade till its own station is reached at the foot of 

of the Canadian railways | Toronto, Grey, and Bruce, and Northern, and ali | Yonge-street, which is the eastern terminus of the 
shag ietgaamened of Oe English companies, and | of these come together two miles from the Great | Great Western tem for Canadian traffic as the 
pat sem yw their managers here, as to the | Western terminus. At this distance it crosses on a | Suspension Bri is for the American traffic, 

institutions that have | level the Toronto, Grey, and Bruce Company's line | the two being in the same latitude, and about 50 
called into existence, are continuing to create, | to Queen's Wharf, and endl 'o quabter of alle Tasther miles asunder with the lake between. 
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Instructions for Testing Telegraph Lines and the Tech- 
nical Arrangement of Offices. Originally written on 
behalf of the Government of India under the Orders of 
the Director-General of Telegraphs in India. By 
Louis ScHWENDLER. Vol. II. Second Edition: Au- 
thorised by H.M. Secretary of State for India in Council. 
London : Triibner and Co. 1880. 

Mr. SCHWENDLER’s works have been published in 

such a curious way that for the sake of those who 

take an interest in electric literature, we will state 
what we know of them. (f the first edition we 
have never seen any copy, and we believe it con- 
sisted of three parts and was issued in several boo 
only to the officers of the Indian Telegraph Depart- 
ment, between 1869 and 1876. Then there exists 
an edition called a second edition printed by Go- 
vernment in Calcutta in two volumes, each bearing 
on the outside the date 1878. These are stated on 
the title-page as ‘‘ second edition revised and ampli- 
fied under the orders of the Director-Gen of 
telegraphsin India byR. S, Brough, officiating electri- 

,cian, Calcutta, printed at the Government Telegraph 

Press, Alipore, 1878.” The imprint on the first of 

these volumes shows that it was issued on the 23rd 

of August, 1878, and the second, though having on 
the cover the date 1878, was evidently only issued 
on the 21st of March, 1879, since it bears that date 
on the imprint. Both volumes of this edition we 

reviewed in our number of September 26, 1879. 
‘Then there now exists a second “ second edition” 

with no mention of Mr. Brough’s name, published in 

London by ‘Triibner. The preface to the first volume 

of this is dated 1st of October, 1878, and in it Mr. 

Schwendler alludes to the assistance rendered by 

Mr. R. 8. Brough in bringing out ‘the first 

edition,” but he makes no reference to the “‘ second” 

Calcutta edition, although the first volume of that 

edition had been issued in Calcutta in August of 

the same year, and we believe Mr. Schwendler 
must have intended to refer to the Calcutta second 
edition. This volume we reviewed in our number 

of January 17, 1879. 

We have now Volume IT. of this London second 
edition. So that to sum up there exists: firstly, 
a Calcutta first edition in three parts ; secondly, a 
Calcutta “sevond edition” in two volumes; and 
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thirdly, a London “ second edition” in two volumes. 
There is also a thin pamphlet supplement to Vol, I. 
of the Calcutta second edition containing some 
tables. In the preface to the volume now before us 
Mr. Schwendler says, ‘‘ The first and second official 
editions of my work (published in India by order 
of Government) contain some matters which to a 
certain extent are foreign to a book termed ‘ testing 
instructions.’ The practical value of a work of this 
kind is manifestly its compactness and straigitfor- 
wardness of solving testing questions,” and in this we 
agree. This second volume deals generally with 
‘* office testing,” and treats firstly of a tangent galva- 
nometer, specially designed by the author, having 


ks | three circuits for deflecting the needle. The first one 


consists of a mere band of copper of scarcely any 
resistance, which Mr. Schwendler states can only be 
used ‘* when the current exceeds .5 Ocrsted;” a 
measure of current which we confess is not familiar 
to us, but which on reference to Professor Everett's 
valuable little work ‘‘ On Units and Physical Con- 
stants,” we find is Mr. Schwendler’s own term for a 
current of one weber per second, or what is 
commonly called a current of one weber, and we 
find a foot-note of Mr, Schwendler’s saying this name 
was proposed by the late Mr. Brough. e second 
circuit is a coil of one ohm resistance, and the third 
has a resistance of 100 ohms. A resistance coil of 
220 ohms can be connected to the 1 ohm coil, and 
one of 3300 to the thin wire coil. By this galvano- 
meter, a view of which is given as a frontispiece, 
resistances of batteries or lines can be measured, 
and the methods occupy some 40 pages. It appears 
by the view a We tes instrument, but we doubt 
whether the methods which involve computations 
including the tangents of angles, are as practical and 
simple as a Wheatstone bridge and galvanometer or 
differential galvanometer and resistance coils. The 
method of obtaining the resistence .of the battery 
by means of two deflections and reference to a 
table, and then a calculation, appears to us must 
be longer than that of taking a deflection with 
only the battery in circuit, and adding 


resistance 
from a regular set of resistance coils, until the de- 
flection is reduced so that its tangent is half that 
of the first deflection when the resistance unplugged 
minus the resistance of the galvanometer equals the 
resistance of the battery. However, the various 


the 

wendler, and the instrument would 

no doubt be cheaper than a | paragon) and regular 
ma. 


methods of usin 
well put by Mr. 


vanometer in question are 


set of resistance coils, an 7 therefore be suit- 
able for some offices. Most of this is given in the 
Calcutta edition, but not the view of the instru- 
ment. In the Calcutta edition there followed here 
a chapter on what Mr. Schwendler termed the 
‘“‘Calibrated Galvanoscope,” which was merely a 
rough horizontal vanometer, the amount of 
resistance to be added to the circuit with a single 
Minotti element in circuit, to produce every deflec- 
tion which is a aoe of 5 deg., from 5 deg. 
to 80 deg., being found by experiment and issued 
in a tabular form with the instrument. Thus with 
5 deg. there were 141.63 ohms in circuit, and with 
80 deg. 3.03 ohms. This was the method by which 
the faults in the earliest submarine cables, between 
En and Holland, were found in 1853 to 1857, 
and described by F. C. Webb in his paper on 
submarine cables, read before the Institution of 
Civil Engineers in 1858, only the resistances used 
in epneproting the tables were the various ay 
of the cables themselves during manufacture, It is 
more accurate than would at first appear, as the 
pevenemene needle is being drawn towards zero 

y the earth’s magnetism, which, is practically 
constant, and as any alteration in the magnetism 
of the needle affects both the component forces, 
there remains as source of error, if the fault makes 
a perfect earth, only the electromotive force of 
the Minotti element. This latter source of error is 

uite sufficient, however, to render the own. or 
erential galvanometer far preferable, though, of 
course, very much more expensive, and less portable. 
But the piesa element of error in using such a test 
for the distance of a fault, is the electromotive 
force set up at the fault acting against or with the 
electromotive force of a single element. With 
the bridge any number of elements can be used. 
All reference to this instrument is, however, 
omitted in the work before us. 

In the Calcutta edition, the on the 
author’s calibrated gal is followed by an 
article on earth testing, with two plates; these are 
omitted in the present edition. ‘The next chapter 


treats of batteries, and principally of the Minotti 





form of Daniell—a form of battery little used in 
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this country except for testing by the 
Telegraph Construction Company. This battery 
has a resistance, according to Schwendler, of never 
less than five ohms. Some of the information in 
this chapter is useful. We have next the rest 
of the book down to the appendix on instruments 
and connexions, In this ter the Siemens 
— relay and the D’Arlincourt relay are very 
ully treated. The effect of electrostatic induction 
and the remedies, pho me bb yap bp and 

as also the electro- 


ng relays, are e 
ae aor the sredit-of which Mr. Schwendler 
gives to Mr. W. P. Johnston, of the Indian Depart- 
ment; but we see that a considerable portion re- 
lating to instruments, including duplex, with nume- 
rous cuts, which appeared in the Calcutta second 
edition, is omitted, we su on account of their 
not forminga part of “ testing.” In the appendix 
there is, however, some extra information on the 
tangent galvanometer. The Calcutta edition no 
doubt contains much more information, and it seems 
a pity that Mr. Schwendler has omitted so much. 

e work is, however, more carefully arranged 
than before, which is perhaps partly due to Pro- 
fessor M‘Leod, who saw the work through the 

ress, Mr. Schwendler deserves credit for his 
abours, but we must not forget also that he must 
have had the assistance in the issue of the very first 
edition of a valuable and well-trained staff of 
assistants who were sent to India after very complete 
instruction under Mr. W. H. Preece, these including 
the late Mr. Brough, and we must also recollect that 
the old staff in India had the benefit of two years’ 
practical instruction from Mr. Frank Lambert, of 
the firm of Clark and Ford, and that thus the germ 
of the whole book must be considered as due ina 
great part to a whole departmental staff as well as 
to Mr. Schwendler. 

Although the first volume is sgn overbur- 
dened with mathematics and neither can be con- 
sidered as a form of work to put into a beginner's 
hands, they are certainly works which should be on 
the shelf of all electricians. 
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THE TESSIE GAS PRODUCER. 

A Frew months ago we published in Enxcixzerine 
(vide page 457 of our last volume) a paper read by Mr. 
A, L. Holley before the American Institute of Mining 
Engineers describing the Tessi¢ gas producer, which is 
hei 
cake of MM. De Wendel, in Lorraine, Mr. Holley’s 
paper was illustrated by some diagrams showing the 
general form of one of these gas producers, but not its 
constructive details, and under these circumstances we 
are glad to give engravings of a more complete character. 
This we are enabled to do through the courtesy of MM. 
De Wendel, our illustrations on page 318 being prepared 
from a tracing supplied by them. 

The distinctive features of the Téssie gas producer— 
which has been devised by M. Téssie du Motay, of Paris, 
the well-known chemist and metallurgist—weroe described 
by Mr. Holley in his paper already mentioned, but it 
may be well to recall them . In general appearance the 
prod t bles a small close-topped blast furnace fitted 
with the cup-and-cone charging arrangement, G H, now 

ally adopted for such furnaces. A special feature, 
owever, is the form of the hearth and the manner in 
which the air supply is arranged. 

As will be seen from our engraving the hearth is 
cylindrical, and has a brick bottom, on which are formed 
four channls, each communicating at its ends by pas- 
sages AA with cast-iron mouthviepes or wind boxes, 
these wind boxes being connected oy branch pipes with 





so extensively and successfully employed at the | 7, 


200 millimetres, or about 8 in. of water, while the pressure 
at which the is taken off is equal toa head of 6 milli- 
motres, or rather under } in. of water. The consumption 
of coal in a gas producer of the dimensions shown is 100 
ki or say 2 cwt. per hour, this coal being small 
dust coal of very inferior quality, and containing from 
20 to 30 per cent. of ash. The cleaning of the fire is 
stated to occupy about three minutes every two hours, 
while MM. Wendel inform us that the gas yielded is of 
excellent quality, and the labour of working the producer 
very small. 


SURFACING AND SLIDE BAR GRINDING 
MACHINE. 

We give on page 319 engravings of a general surface 

and slide bar grinding machine, constructed by Messrs. 





| Thomson, Sterne, and Co., of Glasgow. This machine 


has been ially designed for grinding locomotive slide 
bars, out equanet to grind eo or more slide bars at 
atime. As the process of grinding is necessarily very 
slow itis a great advantage to have a machine that will 
do as much work as possible; this is best accomplished 
by having two wheels at work on the same machine. 
These wheels, as seen by the engraving, are driven inde- 

dently of each other. The machine itself is similar 
Dm appearance to a very strong, substantially built 
planing machine, it being found in practice that it is 
absolutely necessary for the grinding true of surfaces 
that as far as practicable alt vibration or tendency to 
such should be carefully avoided in the construction of 
the machine, and to do this the latter requires 
to be of considerable weight, The usual Y slides 
for carrying the table have been dispensed with 
and flat sliding surfaces substituted, as a much 
better and more truly working slide is obtained by 
broad flat surfaces on the bed and table ; the lateral wear 
being taken up by slips kept in their places with pinch- 
ing pins, as shown in the engraving. The oiling of these 
slides is effected by a wooden roller in the centre slide 
of the bed which runs in a box of oil lubricating the 
slide of the table, and which in its turn lubricates the 
slide on the bed. For securing the work the table has 
T grooves in it similar to a planing machine table, 
and it is driven by a screw and nut fixed to the bottom 
side. This nut is so constructed that any wear in it can 
be taken up when necessary. The thread of the screw 
is cleared away at each end of the screwed shaft, so 
that the machine cannot overrun itself and cause any 
damage. The screw is driven by three mitre wheels in 


_ | the usual way to give the backward and forward motion 


by the driving belt being thrown from one driving 
pulley on to the other. The reversing motion is shown 
on the engraving. 

The cross slide which carries the slides of the two 
emery wheels is also very substantial and rigid, It is 
arranged so that it can be raised and lowered, as on an 
ordinary planing machine. From the outer end of this 
cross slide works a wormwheel, motion to which is given 
by a separate countershaft, as shown by the-illustration. 
On the face of this wormwheel is a slotted disc, which 


carries the end of the connecting rod, giving the lateral 


motion to the two slides of the emery wheel. The throw 
of this lateral motion can be altered by moving the end 
of the connecting rod in the above-mentioned slot. The 
worm and wormwheel which drive this are enclosed in 
the box casting, so that the wormwheel can run ina 
chamber of oil, the whole being protected from the 
grinding dust, and covered in by a swinging circular 
oor, 


The slides which carry the emery wheels can be set 
apart at any desired distance, and are then fixed together 
by a bar passing along their back, so that the two 
slides are moved together from side to side by the con- 
necting rod above described. , 

The emery wheels have each on independent vertical 
slide worked by screw and handwheel, so that each 
wheel can be set down to its work irrespective of the 
difference there may be between the diameters of the 
two wheels, or irrespective of inequality in the thickness 
of the work fixed on the table to be ground. 

Owing to the emery wheel spindles having a rising and 
falling motion, besides the motion from side to side, it is 
necessary to make provision for this in the top driving 
gear, and this is accomplished by the method shown on 
the engraving. The pulleys on the wheel spindles have 
flanges on them, and the driving pulleys on the counter- 





shaft are made broad enough so that the belt will still| and had 


remain on them when the emery wheel slides have 
moved from side to side. A slack on the belts would 


take place when the emery wheels are moved up and | gib 


dowa, but this is taken up by a swinging frame and 
ter-weights, as shown in the engraving. The start- 





an annular blast main ©, which is in its turn ted 
to the blast main B. The mouthpicces just mentioned 
are furnished with doors which can readily be removed 
to allow of the insertion of a bar for clearing the air 
passages or lifting the mass of fuel. 

The gases produced are led off by a side opening to 
the valve box D, to which the down-comer is connected, 
and which is also furnished with a cleaning door at E. 
To this valve-box is also connected the chimney F, 
through which the gases escape, when the communica- 
tion with the down-comer pipe is shut off. 

The pressure of blast em is equal to a head of 


ing gears and levers are of the usual description ; but on 
the lower side of the canting lever there is a sliding 
weight which, when the lever is led down to either 
side, falls over and keeps the lever in that position. This 
arrangement makes the starting gear itive of action. 
The counter-gear is fitted with fast and loose pulleys. 
The whole design of the machine is good and substantial. 


San Dawere se THE ELBE.—The fpuition Deets 
Trade preliminary concession to a 
eutarprise for preparing plana fox a canal from the 
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THE TAY BRIDGE INQUIRY. 

On Monday last, the 19th inst., the Court of Inquiry, 
Str W. Ei. Barlow, appei ted to Seectignte the fail — 

. W. H. Ww, appoin in ilure of 
the Tay Bridge, recommenced its sittings, the i 
Wreck Commissioners’ Oe wae 
for the solicitor to the 
: r- W. Marton); Mr. Balfour for the 
North British Railway Company; Mr. Bidder, QC., and 
Mr. Pyke for Sir Thomas , the i of the 
pater nd Bonen = Legg re Cie Mr. Macrory for the 
» Messrs. ilkes, " 
In commencing the proceedings, Mr. Rothery stated that 
the Commissioners — it desirable that some evidence 
as to wind should be given, as it was necessary to 
ascertain what was a due allowance for such 
he s ted that the yg ety oe 
Mr. Russell, and Sir Ralph A mbie should, if 
ye be called. He also ex his that there 

been a delay in testing portions of the bridge, but 

orders — been given that there should be no further post- 
ponement. 

The first witness called was H Abel Noble, who was 
examined by Mr. Trayner. He stated that he was inspector 
of the f tions of the bridge, in the employment of the 
railway company. It was his duty to take soundings in 
the river, and to see that the piers did not subside from 
scouring. He had seven men under him from May, 1878, 
to December, 1878, and from that time to ber, 1879, 
three men. One of those men was capable of taking care 
of an engine, the others were labourers. Mr. Murray was the 
i of the permanent way. He had received no instruc- 
tions, but when his men had notLing else to do he employed 
them in overhauling the columns. comparing the sound- 
ings taken last April with those of the year before there was 
a slight alteration at twelve of the piers, but no scouring to 
endanger the stability of the bridge. While taking the 
soundings he heard a “ ing’ of some bars. Those 
bars were both within and without the high girders. He 
examined the bars and found that the cotters in coming 


ressure, and 
essor Stokes, 


together were not of sufficient width to get a grip, and had 
got a little loose. They sounded them with a hammer. 


The two cotters should have filled up the slot hole. His 

impression was that they had not been driven home in 

the first instance. They were too small for the slot hole ; 

no amount of driving would ever have made them tight. 

He made ———— as to what he found because he thought 
i 


he could it. 1f he had thonght it affected the 
stability of the ae he would have reported it to the 
engineer. The it of his examination was to show that 


— 100 aoe loose. ona = # - all 
‘or the purpose of repairing the ge, all of which was 
not ened for that purpose. His survey showed him that 
there was nothing wrong or loose up to the time of the 
accident. In October and November last he, accompanied 
by two of his men, examined the bri from end to end 
to see whether the cotters were and tight. They 
found two loose, which they put right. . He went down the 
columns from top to with two of his men. He ex- 
amined the columns himself, and found them all right, 
with the exception of two or three on the northern side of 
the bridge which were now standing. There was a slit in 
one. It was a slit in the bottom column on the north-west. 
It was about 5ft. in length, and situate between the 
flanges. The defect in the other was the same only less in 
extent. He discovered three on the north end defective in 
this way, and another at No. 38 pier* counting from the 
south, this oad pene, under a large girder. That split 
was 6 ft. in length. They placed four iron bands round it. 
The bands were made in dee and were like eccentric 
straps. . The bolts through them were about lin. He 
fastened up the other columns in the same way. He wrote 
to Sir Thomas Bouch, who came down and determined upon 
having the columns banded and extra bracings put in. Sir 
Thomas Bouch visited the bridge on the Friday or Tuesday 
before the disaster. There was no ———— extra bracing 
being required. After the month of May, 1878, nothing 
was y bee. to the ironwork of the bridge, with the exception 
of what he had described. He never made any report to 
any one prior to the day he eommenced to make the repairs. 
He never had any instructions from the railway company 
to report any defect he might find. He had no instructions 
either to repair or to report. Jills for the iron were sent 
into the com ; therefore they knew he was getting 
iron; but no inquiry was made as to why he was getting 
it. They might have thought it was wanted for the steam- 


boat which he had in c' , and which was kept for the 
rpose of inspecting the bridge. After May no one but 
Pimself inspected the bridge. When he told Sir 


Thomas Bouch of the repairs he had done he was asked 
Sir Thomas whether anything had taken place in the 
sie lume od teil Nau no a Se 
Thomas of the “ clattering”’ he e 
apprenticed to a bricklayer, but had worked his way up, 
been taken on by the Metropolitan Board of 


orks. He had skill. 
2 Sa Mr. Webster, Q.C.— He never saw a 


or cotter out. He heard the clattering during the 
He never found one of the pieces 
come out after be had put them in. he had put a 
oy yaw dary dpc ry found the bar clatter again. He 
id not put in more than 100 pieces ; he bought 7s. worth 
of iron, but did not use it all. He thought cotters bad 
been driven home, because in 


crack in 

column r No. 38 by the painters in September, 

1879. I we eh eth ke Nes yoo] 

the flange and running upwards. He ied 

Pier No. 38 is the tenth pier from the southern end of 
gap caused by the fall of the large girders.—Ep. E. 


fe 
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it up on the 27th of September, 1879, and sent a telegram 
to Sir T. Bouch to say he had done so. It was in 
the same condition on the Tuesday previous to the 
accident. When he found it out he took a leaf from his 
pocket-book and waited till a train came by. He wetted 
the leaf and held it down to the crack to see whether he 
could detect motion at its edge. There was none. Its 
extreme width was about ,; in. 1twas correctly vertical. 
Its widest part was about i e middle, and it died out to 
nothing at the top and the bottom. He could not find the 
depth of it. He tried to find out by the means of a fine 
wire, but never could get it down to the cement; it went 
down } in. at the widest part of the crack. His impression 
was that it must have been there some time. They bored 
the iron on 76 pier and found the metal The other 
two cracks were on No. 78 pier, which is a single column pier. 

Cross-examined by Mr. .—Before 1871 he was in 
the employment of the Metropolitan Board of Works to 
inspect brickwork, for which duty he was afterwards em- 
ployed by Sir Thomas Bouch. If he had not chosen of his 
own accord to look over the ironwork in the interval 
between the soundings he would have had nothing to do. 

In reply to Colon 
not think there had been any very cold weather before the 
cracks were discovered ; when such weather was ~ 8 
ing he went over the whole of the columns carefully. He 
also ed in reply to Mr. Barlow that there was no 
one specia. ri appointed to take care of the columns, but 
there was the district engineer who had to do with the 
surface of the bridge. 

The next witness was James Francis Hedland, who stated 
that he resided at preys and was head clerk in 
1873 to the Cleveland Bolt and Nut Company. He remained 
there about five years. He had i been engaged 
in a similar company in Birmingham for years. In 
both these situations he obtai a Food knowledge of the 
bolt and nut trade. The manager of the C Works 
while he was there was the late Joseph Preston; and he 
acted under his orders. They got a good many orders 
from Hopkins, Gilkes, and Co., and never received any 
communication from Messrs. Hopkins complaining that 
-_ of their orders bad been mi tood. Copies of the 
orders had been 2 a o e. When 
they had in hand iron necessary for the orders, it was 
given to the workmen; when it was not on hand, it was 
ordered. The iron in some cases was ordered from Jacques, 


of Stockton ; and in others from Jackson, Gill, and Co., | making 


of Eston. Many of the things required by Hopkins, Gilkes, 
and Co. were for the Tay Bridge; and they were so 
labelled. ‘The bolts ordered by Hopkins, Gilkes, and Co. 
were to be made of ordinary eland iron. The orders 
only specified that the bolts were to be of ‘‘ good”’ quality. 
None of the orders came up to “‘ best.’”” The price showed 
that the rivets ordered were of ordinary iron and not of a 
superior class. The nuts would be of the same description. 
There were three better qualities of iron, ‘‘ best,” ‘‘ best 
best,”’ and “‘ best best best.”” Then came the Lowmoor. 
Some of the bolts were made by machinery and some by 
hand. They were not turned or faced. Their manufactory 
made bolts and nuts for nearly every railway company in 
the world. He was not aware that Hopkins, Gilkes, and 
Co. inspected their work or that he ever saw any one 
officially inspecting on their behalf. There was no inspection 
by them of the Solts supplied nor of those for Tay 
Bridge. The iron from Jacques was as a rule in- 
ferior ; that from Jackson, Gill, and Co. was good. Charles 
Banks, foreman of the works, never complained to witness 
of the quality of Jacques’s iron. 

ined by Mr. Webster, Q.C.—Some bolts were 
returned from Hopkins, Gilkes; and Co. as defective. 
Banks and Mr. Preston were responsible for the work sent 
out. He knew Jacques’s iron was inferior because he saw 


héa? 





it. They were in Middlesbrough every day. He did not 
know what Jacques and Co. were paid for iron. 
Re-examined, he stated that fe did not think that 


Messrs. Hopkins, Gilkes, and Co. could have returned any 
t number of bolts as bad without its coming to his 
owledge. In reply to Mr. Rothery he also said that it 
was not al stated what the bolts were for. 
The last witness examined on Monday was Win- 
gate, who stated that he resided at Eastwood Vale, Rother- 
am. He was furnace builder to the Cleveland Bolt Com- 
pany, in Birmingham, in 1868. He noticed, from its gettin 
easily overheated, that the iron used for making nuts an 
bolts there was of inferior quality. He could not say that 
he noticed that circumstance specially in connexion with 
the manufacture of bolts for the Tay Jere. [ In reply to 
Mr. Rothery he said that the iron was not all of an inferior 
quality, it was good and bad, but cng? good. The 
bolts varied.in — also through the overheating of the 
iron, which was the fault of the boys, and they were fined 
for it. He could not say whether any bad iron was used 
for the Tay Bridge bolts. 
_ At this the Court adjourned until Tuesday morn- 
ing, when on the proceedings Sang reopened, the first wit= 
ness called was Elijah Coburn. Examined by Mr. Trayner, 
he stated that he went to the Cleveland Bolt and Nut 
Company in 1871. He had the screwing shop under his 
control, and made all the taps and dies. He remembered 
the quantity of 1}-in. bolts being made for the Tay eo 
as he was told; they were 4}in. to 54in. Those bo 
were made of Cleveland iron. The better the quality of 
iron, the better it would screw. The bolts he saw were 


mostly made on the machine. They were not turned. No| cl 


one, as far as he knew, ever came from Hopkins, Gilkes, 
and Co. to inspect those bolts. Cross-examined by Mr. 

lacrory, he said that he only saw one of Hopkins, 
Gilkes, and Co.’s men in the works. All the inspectors 
je Br we es aes Ly re pt cg not works in 

rough. He could n ing at a bolt sa 

whether it was good or not unless he saw it tested. Tn 
reply to Mr. Trayner he added that very few of the bolts 


that came to him for screwing broke or peeled off. 





Yolland he further stated that he did | i 


Elijah Coburn, Jun., son of the last witness, and en- 

in the same , said he remembered the 1} in. 
ts for the Tay Bridge. Most of them were made by 
i Pagan not faced with the lathe. The 


as ’ 

stralaht by snchine, and had to knock the head to get 
it straight, and this caused the iron to split under the head. 
No one, as far as he knew, came from Hopkins, Gilkes, 
and Co. to inspect the bolts. Several inspectors came to 
inspect bolts for other companies. Cross-examined by Mr. 
Macrory, he stated that they made a great number of bolts 
by hand, but more by machine, Fish-boltsand — 
were not faced or turned. In answer to Mr. hery he 
added that as far as he knew the iron used for those bolts 
was of the same quality as that used in making others. 
There was nothing in those bolts and nuts different from 
others that they made. : 

Thomas Hall, bolt maker, said he six 
the Cleveland Company. He remembered ing 1} 
bolts for Hopkins, Gilkes,and Co. They were of gee | 
iron; he was employed on them about a fortnight, an 
made about 700. He was told they were for the Tay Bridge. 
They were not to his knowledge during the making inspected 
by Hopkins, Gilkes, and Co. It was not general for in- 
8 rs to be sent to examine bolts. The Indian State 


would produce a compressive strain 
columns 1.84 tons, and upon 
the 15-in. column of 1.30 tons to the square inch. As to the 

ind, he calculated that a wind pressure exceeding 
40 lb. upon the square foot would be required to overturn 
with its the second-class i which was 


i ny sent inspectors ; he saw their there every ! 
day. In reply to Mr. Rothery, he said it was not general | then a wind pressure of 36.38 lb. without any train 
for Middlesbrough people to employ i ith the | 32.69 _s he —_ foot with a train over the pier would 


ifference between the | be req rn the structure. But, unfortunately, 
the piers must have been very far from ri 


ures, 
ene OS Se te the strute 
and ties were e with the columns. The struts 


exception of the size, there was no 
bolts for the Tay Bridge and others. In answer to Mr. 
Barlow, he added that the Indian State Railway bolts were 
better than those of the Tay Bridge, the iron was of a better 


The next witness was Thomas Mason, who said he was 
in the employment of the Cleveland Bolt and Nut Company 
and made the 1} in. bolts for the Tay Bridge. He made 
thousands of them. He thought no one came to inspect 
or test them. They were made of the ordinary iron in the | t 
ordinary way. Some times these kinds of bolts were made 
of superior iron when ordered, but not often. 

George Hinsley, who was next examined, said he took 
charge of the nut machine at the Cleveland Works in 1868. | themselves, and to t 
The nuts were generally made under his ision. i 
were generally made of ordinary iron. He remembe: 
ing ltin. bolts for the Tay Bridge. No one to his 
knowledge came from Hopkins, Gilkes, and Co. to test the | th 
nuts. In reply to Mr. Rothery, he added that he never had 
any reason to co’ in of the iron from which he made the 
1} in. bolts either as brittle or liable to crack. 

Henry Williams, weigh clerk, in the employment of the 
Cleveland Company, said his duty was to weigh i 
that came in. He knew his firm were making bolts for the t 
Tay Bridge. None of the bolts sent to Hopkins, Gilkes, | be surface was exceedingly vely 
and Co. were sent back by them as far as he remembered, | slight strain would suffice to crush the edge of the hole in 
but some rivets were returned at different times. the lug into the thread of the screw. In reference to the 

The next witness was Mr. Hi tie bars, the bearing surface of the gib against the slot in 
structed by the Court to to the Tay Bridge to| the bar was quite uate, for while the area of the 
obtain information on the spot with the view of giving evi- | section of the bar exposed to a tensile strain was 1.625 square 
dence as to the probable causes of the accident. Mr. | inches, the bearing surface of the gib being in compression 
Law said he had paid three visits to Dundee, the first | should have had an area of 1.86 square inches, whereas it 
extending from January 26 to February 12, the second | had only asurface of 0.375 square inches, or about one-fifth 
from February 24 to March 6, and the third from | of the s h of the bar. From these circumstances 
March 24 to 27. He had made a complete examination 
of the bridge as it now stands, and followed the 
evidence given at the inquiry at Dundee. He had also 
been furnished with a section showing the i 
of the river when the bridge was sanctioned by t' 
Board of Trade, and had compared these with the soundings 
taken in September, 1879. Copies of the various con- 
tracts and specifications had also been furnished to 
him, re with drawings of the bridge. He had con- 
sidered the documents very and examined 
the structure of the bridge, and he made a report 
to the Court, dated April 9. This , upon which the ’ 
witness was examined at great 1 » described the con- | passing 
struction of the bridge, with its eighty-five spans, namely, | that it pointed to the cause of the disaster; for 
twenty-eight still s ing upon the southern side of the | the ing of these struts meant the removal of 
river, varying in span from 67 ft. to 145 ft. ; thirteen spans | that condition upon which alone the power of the structure 
which had fallen; and forty-four still standing on the | to resist being overthrown by a pressure nded. 
northern side of the river, and ing in span from | Andit was easy to conceive that a storm of the violent cha- 
162 ft. 10 in. to 28 ft.1lin. The len; that had fallen | racter of that of December 28 last would luce such 
was a ce free mam age A pose = roe he in connexion of these struts an 
wrought-iron gi were, he said, carefally i 
to the several strains to which they had to be 
and the catastrophe did not result from their failure. 
Judgi ee the ee of sense ners Hn still 
standing, the permanent way a) ve very 
carefully constructed. The piers upon which the fallen 
portion of the bridge was su was the most im- 
portant of the structure in connexion with the subj 
now er consideration. These piers each i of 
an assem of six cast-iron colunins, braced by means 
of wrought-iron struts and ties. Their foundations con- 
sisted of he -shaped piers of concrete, faced with 
brickwork, and were carried to a height of 5 ft. above the 
level of high water of spring tides, the upper four courses 
being faced with stone. No movement or settlement 
seemed to have taken place in these foundations. The 
— from the top of the upper course of masonry to the 
under side of the lattice girders varied from 83 ft. to 


it would result that a lateral pressure against the columns 
would produce movement in the struts and ties, and the 
latter would become slack. This movement took 
place, and he found in some of the tie bars still standing 
that ing pieces of iron 4 in. in thickness had been 
introduced between the gibs and cotters. [t appeared that 
about 150 of these were inserted between 
, and the time of the a 
i arose before the 


trains and wind, and he could not but consider 


square foot, a pressure of 337 tons won ’ 
the eastward 18 in. column of a pier at the time of the 
of the train, and that a horizontal pressure of 
on tons was acting on the top of the column, it was easy to 
eonceive what must have been the inevitable consequence 
of any slackness on the part of the ties. There were also 
other circumstances in connexion with the construction and 
workmanship of the bridge which undoubtedly contribu 
to the catastrophe. The mode of the holding- 


satisfactory, as they 
at their lower extremities, but were merely 
le drilled through the two 15-in. courses of 
stone, and were then run round with cement, and as the 
angle of taper of the conical head was onl 64 deg., it was 
evident that a very slight compression of the cement would 
allow of a movement in the bolt. Some of 
those bolts had evidently yielded as much as 8 in. in screwing 
down the base-piece at the erection of the bridge, and in 
one or two cases the stones had been burst e wedge 
action of the conical head. It would have been better aiso if 
Sey ne Ses ent eee gee te yo tener 

ter weight of masonry to be lifted, instead of trusting 
oe ae ethe cement, which to haye been 

in consequence of the smoothness of the 


ving no other connexion at the upper 
extremities beyond the struts and ties. Each cluster was 
surmounted by a wrought-iron box girder, L-shaped, taking 
its bearing upon three columns, and upon this box girder 
another wrought-iron cellular girder was placed, ranning 
in the direction of the axis of the bridge, and verticall 
under the longitudinal lattice girder of the itself. 

of this cellular girder was bolted 


Upon the side a 
massive cast-iron plate, a similar plate being also bolted to 





the under side of the longitudinal lattice girders of the ‘the stone, and partly, he imagined, from the 
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andy fae se a eae 
case when the upper 
ih’ metal ad teeome chilled, and 


oe 


upon the strength 
gs. of connecting 
the columns at the flange joints was also in some respects 
def. e bolts being one-eighth of an inch less in 
diameter than the hole, and the flanges being separated in 
ch as ‘three-quarters of an inch. The bolts 
could not act as steady-pins, and as in several cases there 
was no 6 igot on either of the pipes, there was but 
the pinching of of the bolts to prevent the columns from 
shif: there are evidences that some of them did so 
shift a ‘the time of the catastrophe. He had not regarded 
the concrete as having added in any way to the security of 
the structure, otherwise than in its Aye ery the weight 
of the columns, and so increasing the stability of the pier, 
and his reason for taking this view was 
was so unequal in its quality that no dependence could be 
placed upon ite being of pro per s' in the 
tly faced that the some of the sootal in contact 
ec! tt m of the metal in contact 
ae y emg “ge ye ee 
margin of the flange. is opinion the of the pier 
was too narrow 4 goeeeeaitg » very grant cauuie apen Cho 
— pty = me, angles at which ae were 
posed and the mode of connecting them columns 
were such as to render them of little or no use, and the 


the power of the columns to resist a crus 
considered that the yielding of the struts and ties was the 
immediate cause of the disaster, but that the other circum- 
stances stated en ~ os The six columns, instead 
of forming one ps of three columns, 


with a box on — the columns had been 


—_— into a single pier, surmounted by one box girder, 


would have offered a greater resistance to a 
gale. permanent way he found to be carefully laid ; 
and to insure the of the line flat iron plates were 
seating, plese-at doen, had bose intootooed 

g@ pieces of iron introdu 
either between a cotter and a gib or between cotters 
themselves, and he was informed that this had been done 
by Mr. Noble. The of the cotters he 
considered was owing to the rocking of the brid 
His opinion was that the vibration caused by t e 
trains, ond. the lehensh steuin. beonght fo bear te the 
wind alternately blowing from east and west, would be 
sufficient to account for the ; anda small yield- 
ing in one of the attachments would produce a very sensible 
motion of the structure. He certainly thought that a 
sae of this kind ought to have been carefully watched. 

As an engineer, he would have left the supervision to Mr. 
Noble, so far as bat be went, for he knew him to be a 
very careful man ; 7 would not have left the remedy 
to him. He consid the speed of the trains an impor- 
tant factor in the nen ts of the loosening of the structure, 
but he attributed greater influence to strong winds. He 
had no — to make against the nature of the foun- 
t he considered the base of the too narrow 
fora hice of this height. ve altered the 
columns, and instead of putting one external a oe would 
have put two. The narrowness of a base influenced 
the stren The 


made more perfectly ; 

been drilled in the lugs, and that 
have been introduced in the 

d that the —annsens bolts 
He also con- 


was 
ts were unusually thin. The thick of the 
hould have been about half as much again. 


se en yw lings were 


, when the examination of 
by ner. Mr. Law having 
conversation underneath the ow some 
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good—a high raqaeite of of iron. As to the stones, there is 
no mention hey should be wetted before the 
— ao applied ; pati ry is specified that all bricks before 
- used should be saturated with Soe pine =~ “oe 
ve as a su con as possi e 
enon were ficly foced t hout their whole joints ; but 
the joints were very wide apart—in some cases ee the extent 
of acouple of inches. There were to have two courses 
of the stone of 2ft. Gin. thickness; but instead of that 
there were four courses of only 1 ft. 3in. With regard to 
the strength of the material, he found that whereas the 
specifications require a tensile strength of 21 tons to the 
square inch, some of the tie bars gave way in the at 
a tensile strain of 15.8 tons to to the square inch. The 
tensile s h, therefore, was thus considerably under 
that requi by the specifications. The specificetions do 
not contain any provision for the tensile strain which the 
bars were to bear in the column as distinguished from the 
girders, and'he assumed that the same uirements 
as to strength would apply to those portions of the work 
generally—to all the wrought-iron work. Then as tothe 
rivet holes the specifications said that these were to be 
made true and fair. But in the holes punched in the 
‘ht iron of the Loe and in the iron struts, and 
also the mg anes the 18-in. columns, he had found great 
ee og i cases. They were not, in fact 
conformable to the p P they were intended to fit, — 
they had evidently been enlarged to enable the bolts to 
pass through. The specification with regard to the bolts 
also required extra good work and material. They were 
to fill holes, which they could not do if dooms hones 
were enlarged in the manner descri The bolts 
pray made Commas rgd ont tee 
or that purpose. ith regard e strain on the bri 
he repeated that the four forces to which the structure was 
liable to be exposed were those resulting from changes of 
temperature, from the ha ager the structure itself, from 
the neue) of 0 germs Sam and from the lateral pressure 
of the wind. Cons ering first one span of the super- 
structure, without any train and without any wind the 
pressure on the west rollers of the structure and on the 
east rollers would be the same (322,450 1b.), making a total 
pressure of 644,900lb. With a train on the bridge under 
similar conditions the full pressure would be 955,230 lb. ; 
but with a force of wind equal to 10 lb. the pressure on the 
west rollers without a train would be 300,190 lb. ; on the 
east rollers, ag total, 644,900 Ib. ; and with a train 
—on west rollers, 399 ; On east sole, 456,695 Ib. ; 
ae 855,900 lb. With: a force of wind equal to 20 Ib. the 
ure on the west rollers without a train would be 
a 77,930 Ib. on east rollers, ey ; total, pst dog 
tha train—on west rollers, 30. 795 Ib. ; ; mone rolle: 
5, 7751b.; total, £56,570 1b. With a force of wind equal 
to 301b. fio ih; om. wash soleus, wiineak 6. tea 
Son te SES Ib. ; on east rollers, 389,230 1b. ; total, 
anes Sean th a train—on west rollers $42,385 Ib. ; 
on east a. 514,855 Ib ™ ia 857,240 Ib, With » 
Go. | fores af wind ual to 40 1b. 
outa train 





east 
total, 644,900 1b. op oie 
on east rollers, 543,935 Ib. ; 10 Ib. These 
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pressures were equally divided between one 18 in. and 
two 15 in. columns, and further modified by the horizontal 
ressure of the wind on superstructure, pier, and train. 
The weight of the pier he also computed ; and the re- 
sult was a total weight of ironwork of 140 ib., or nearly 
Bt, an eaten ee 
or each of the 74 persons, and a nggage weight of o' 
900lb., making the total weight of the whole 
269, 532 Ib., or 130 tons. He distributed the cconimnas as 
follows: 60 in the third-class, 9 in the second, 3 guards, 
and 2 firemen. ‘As to how much of this weight was 
borne by one , he had arrived at the conclusion that the 
pressure wo d have been 210,3301b.; and that would 
occur when the engine buffers were 43 ft. in advance of the 
centre pier. With regard to the effect of the wind upon a 
train, the second-class the last but 
one in the train, had the — stabili y. It eight pas- 
sengers, whose avi ht might be 140 lb. each. 
Taking into account ical pressure resulting from 
the action of the wind a ‘the pose ip surface of the roof, 
the carriage could not have been overturned witha less 
wind pressure than 35.681b. on each square foot, and as in 
any position one-half or one-eighth of the surface of the 
carriage must have been ee the actual wind pressure 
to overturn this carriage must have exceeded +0 ie on the 
foot, without any assistance which tke couplings 
must have aff to retain the carriage. With respect 
to the pressure » he estimated there were 3750 
square feet above the u r rollers on which the wind force 
would be exercised, though the estimate made Mr. 
Stewart and Dr. Pole brought it up to 3808 square feet. 
A estimate that it would require a pressure 
of 37.4 lb. per square foot to overturn a pier, upon the 
last 18 in. column as a centre, without a Pain upon it— 
that is, on the assumption that there are no holding-down 
bolts. His calculation was, that it would take a ure of 
Mr. Stowart am to overturn a pier with a train upon it, 
Mr. Stewart and Dr. Pole estimate that it would require s 
pressure of 34.1-3lb. ; and he made it 32.2-3lb., that is, 
on the assumption, as before, that there are no holdin, ing: 
dewn bolts. Although the weight of the train would add 
to the stabili si the pier, the train would, on the other 
hand, presen increased surface which would be 
more than cquivalans to that increase of stability. But 
the piers must have been very far from ri for the 
reason stated. An examination 6 the ruins 
of pier No. 32, that over which the train was situated 
when the structure ell, indicated that the colamns doubled 
up about their joints, as the lower lengths of the westward 
15 in. columns were pushed over to the west, or in the reverse 
direction to that in which the rest of the stractare fell. A 
similar action i - yorare back the westward columns was 
seen in 36, 39, and 40. The present state of piers 
Nos. 29 and 31 t afforded conclusive of a weak point 
existing in thestructureat the time of the overthrow in each of 
those piers, namely, in pier No. 29 at the level of the top 
of the second tier of columns, and in No. 31 at the top of 
the lower tier ; for the strain at the t of fracture was 
in the former case, only fi qe: in the latter 
case only six-sevenths, of the strain at the base of the per, 
3 while theoretically the strengths of the pier at the 
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and the points of fracture were the same. e 
therefore, that the power of resistance of these two piers 
had been reduced atthe points of fracture in the case of 
pier No. 29 to the extent of two-sevenths, and in the case 
of pier No. 31 to the extent of one-seventh, of their 
wer of resistance. Owing to the double angle 
e ties by which the 18 in. columns were 
made, with the direction of the force tending to over- 
throw the structure, the efficiency of these ties was 
rtion of 1 to 2.73, or to little more 
eir full strength, and an i 
movement of the ties would allow of near r 
that movement in a horizontal direction in the point of the 
column to which they were attached. He considered that 
the strength of the piers would have been enhanced to 
some extent, but not very materially, if they had been 
ractically made into one pier 
ad been attached to the lower part of column No. 1 
carried to column No. 4, it is evident that it would have 
been much more direct, and the ratio of its own length to 
base would be very much less than in the case of the exist- 
and effective resistance would have been 
His assistant saw the position which the 
i bed of the river, but he could speak from 
Looking 


P recen 
first at the photograph of the roof of 8 
should say the observable feature is that the van is cut 
across at an angle of from 45 deg. to 50 

ead him to the conclusion 
occurred the van had ceased to move forward, its m 
merely vertical. The moment the 
etached from the rails there 
no further tendency to overturning. 
that, under any circumstances, the locomotive could have 
been blown off the rails, or that it would have been induced 
the rails because any other part of the train had 


that the train had 
over ; but he found 


braced | perly constructed, and whether the 


reduced in the pro; 


each. If, however, a 


.» in such a wa; 
thet before the cut base 
otion 


at the time bei 
He did not think 


them. 

There was nothing 
eee ne eee Se 
carriages € 

heels 
found, and that their bei 
with his impression of w 


that were 80 | joi 
be consistent 
. He thonght t' 
the guard’s van indi 








way in which the top of the guard’s van has been 
cat seems to him to show clearly that the van had 
ceased to move forward when the cut took — 
which would be when it was carried t h 
between the vertical post and the lattice bars—and that t 
movement was me: ical. He did not not think 
that the carriages could have left the rails, because he 
thought the structure would have fallen by a wind 
than that which would have overturned the i. 
his observations pointed to the fact that the carriages 
were not actually in motion when they came in contact with 
the lattice bars. With reference to the concrete in the 
columns, he had allowed for its weight in his calculations, 
but had not considered it as giving any resistance 
to the columns. In some columns it was hard, but in 
others it appeared to consist only of sand, and in some 
cases it run out, xn 

Mr. Law was going on to speak of the condition of the 
masonry in parts of the bridge which had not fallen, when 
Mr. Bidder suggested ‘w that was not tray 
beyond the scope of the present inquiry. To this Mr. 
Rothery replied that if the bridge is to be rebuilt, it is a 
question whether the part now s is to be left as it 
is. There are the questions whether this bridge was pro- 

materials were good ; 

and, as to the question of armegh weg it seemed to him 


exceedingly difficult to se fallen part from the 
other part alttgether. er as construction 
or material, he should have thought that the company 
and Sir Thomas Bouch would be too happy to have an 


expression of the opinion of the Court in some way as to 
whether or not that portion of the bridge w is now 
standin is in cach & ahste thet 16 onght to resanin. 

Mr. Bidder said he had meant to take exception to 


opinion. 

PMr. Law (continuing his evidence) said that in 
18, and 19 the hexagonal brick foundations were 
that there had been a difficulty in obtaining space 
of the outside cases 
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round it, and bad places are evident ; and the other has 
’ Sos ho cchastn dup-hahatoeantoteasterise teen coeds 
umn o 
KENYON’S PISTONLESS INDICATOR. itn eiicina logy lg ee 
CONSTRUCTED BY MESSRS. ISAAC STOREY AND SONS, ENGINEERS, MANCHESTER. eae ne re eee tee beh he 
somal thes the iocther kas bean ieoiete ll tn @ reas foams 
manner indeed. On the south-west column, also, one lug 
is wanting, and the cotters and tie-bars are wanting. 

Mr. Trayner said there were a few other questions which 

he desired to address to the witness; but he could not 
them until Mr. Law had had an opportunity of wth 6 
some of the calculations given in ———— to the 
oe which he had presented to the of Trade. 
That verification having been made, he should then ask 
the witness as to the general conclusions at which he had 
hur. R said he did not that in cir- 


cumstances ir. Webster or Mr. 
+ stage to commence the cross-examina' 


com; 3 

. Rothery observed that, that being so, perhaps 
tient quinn ‘tell ho diber tocedinanm and the Court was 
adjourned accordingly until yesterday (Thursday) morning. 


SPEED CONTROLLING GEAR FOR 
GOVERNORS, 

We give on the opposite page engravings of an arrange- 
ment - onehtine tn speed of an engine to be readily 
varied while running, which has been designed and 
patented by Messrs. Wallis and Steevens, of Basing- 
stoke, and which is being applied by them to engines 
employed in driving a ah oes machines for electric 
lighting purposes. Our illustrations show the gear as 
fitted to an eight-horse semi-portable engine driving the 
Siemens light apparatus at the Crystal Palace, where 
its application has been appreciated by the electricians, 
as it enables them to vary the s gradually until they 
attain the best results with the light. 

The arrangement will be very readily understood from 
the views given. It consists of a conical pulley F fixed 
on the crankshaft and a perneeeens pulley H, fixed on 
the horizontal shaft from which the governor is driven: 
these pulleys being placed so that the larger end of one 
is in a line with the smaller end of the other, and means 
being provided for shifting the belt on them, as shown. 
To effect the shifting of the belt I readily, two belt 
forks J J are provided, the lower ends of these forks 
sliding on turned guides P P. The shifting of the forks 
laterally is effected by two screws K K, which work in 


All| nuts on the forks and which are geared together by the 


mitre wheels NN and intermediate shaft M. For turn- 
ing the screws a handwheel is provided at O. A screw 
on the shaft M moves a pointer R along a scale graduated 
to shuw the engine speed corresponding to the different 
positions of the belt. 

Of course, by shifting the belt towards the governor, 
the speed of the latter relatively to the crankshaft is de- 
creased and the speed of the engineconsequently increased, 
and vice versd. the case of the particular engine to 
which the gear we illustrate is fitted, the speed can be 
thus varied from 100 to 140 revolutions per minute with 
the governor half up; but, of course, any desired range 
of speed can be obtained by varying the proportion of 
the pulleys. Altogether the ——_ serves its 
purpose well, and isa very handy tion to engines 
employed in driving electric light apparatus. 


KENYON’S INDICATOR. 

We annex an engraving of a new type of steam engine 
indicator which is now being made by Messrs. Isaac 
Storey and Sons, of Manchester. In this indicator the 
ordinary cylinder and spring loaded piston are done away 
with, and are replaced by a Bourdon tube of special con- 
struction, One end of the Bourdon tube is attached to 
the stem of the indicator by a joint (see Fig. 2) which can 
readily be taken apart, while the other end is connected 
by a link to a system of el motion similar to that 
used in the Richards indicator. The link which connects 
the end of the Bourdon tube to the parallel motion has 

herical joinis at its ends, and it is eg 80 as to be 
directly over the axis of the stem in which the arm carry- 
ing the parallel motion turns, this arrangement being, of 
course, adopted to prevent it from being materially in- 
fluenced by the arm swung round to bring the pencil _ 
against the paper, 

The Bourdon tubes are changed when different pres- 
sures are to be dealt with, just as the springs arechanged 
in an ordinary indicator and with no greater trouble. 
The motion is given to the paper drum in a similar 
manner to the Richards indicator, but when desired the 
instrument is fitted with a simple detachment motion 
which enables the paper drum to be bap iang Basa 49 
from the revolving cord drum, the paper drum being thus 
left at rest, 80 that the paper can be readily removed and 
replaced, It is claimed amongst other advantages for 

indicator, that it is practically frictionless, that 
its action is not affected by dirty steam, and that there 
is no annoyance from the escape of steam. We have 
at present merely described Mr. Kenyon’s indicator, but 
we propose to make some experiments . with, it, 
and we hope in due time to be able to lay the resulta 
before our readers. 
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ROLLING MILL ENGINE. ; 

Ir is somewhat singular, considering the great irre- 
gularity in the amount of er demanded from rolling 
mill engines, that such shouli in comparatively 
few instances have been fitted with automatic expansion 

. In the United States, Mr. Corliss many years ago 
took up thie matter, and the engines fitted with his well- 
known and erected by him at the works of the 
Nashua and Steel Company, the Joliet Iron and Steel 
Company, &c., have done good service. In this country 
Mr. Webb some time ago put down a fine Corliss engine 
(illustrated by a two-page engraving in our number 
of October 27th, 1876), to drive the three-high rail 
mill at Crewe, while Mr. Jeremiah Head has with good 
results applied automatic expansion gear of another 
type designed by himself, to engines at the works of his 
firm, Messrs. Fox, Head, and Co., but the system of fitting 
rolling mill engines with automatic expansion gear has 
not yet made either here or on the Continent the progress 
which its merits deserve. , 

In applying his system to rolling mill engines Mr. 
Corliss in many respects from his ordinary 

ractice for stationary engines. Thus, in the first place, 
5 adopted the vertical instead of the horizontal type, 
in the view of its being better adapted for the high piston 
speeds at which his rolling mill engines run, and also 
from its occupying less space in the mill floor. He also 
adopted very liberal proportions for the various bearing 
surfaces, and made special provisions for shielding them 
from the dust always present in a rolling mill. 

On the Continent Mr. Corliss’s oe have been taken 
up by M. P. Van den Kerchove, of Ghent, who has been 
for many years a most successful maker of Corliss en- 
gines, and we this week give a two-page engraving con- 
taining views of an engine of this type constructed for 
Messrs. Krupp’s works, at Essen. We may mention that 
before ordering this engine Mr. Krupp sent some members 
of his staff to the United States to examine into the 
working of the Corliss rolling mill engines there, and it 
was in consequence of their report that the adoption of 
the type was decided upon. 

The engine illustrated has a 36in. cylinder with 5 ft. 
stroke, and it is run at 80 revolutions per minute, the 
piston speed being thus 800 ft. per minute. The engine 
drives a rail mill direct and is capable of indicating over 
800 horse power. The design of the engine frame is 
somewhat peculiar, and will be better understood from an 
examination of our engravings than from any verbal 
description. As will be seen, the area of base of the 
frame proper is very moderate, but to give the necessary 
lateral stability against the thrust of the crosshead on 
the guide bars, wrought-iron diagonal stays are provided 
and arranged as shown, these stays being provided with 
right and left-hand screws for setting them up tight. 
Three galleries at different heights and provided with 
staircases, give the necessary access to the various parts 
of the engine. 

The engine is, of course, wholly controlled by the 
governor, and those familiar with the working of the 
Corliss gear will well understand that the control is 
thoroughly efficient even under extreme variations of 
load. The engine at Messrs. Krupp’s has now been run- 
ning more than a year, and it has, we understand, given 
every satisfaction. 


NOTES FROM THE SOUTH-WEST. 

The Severn Tunnel Works.—The works at Portskewett 
in connexion with the construction of the Severn Tunnel 
have been recommenced, and are being carried on vigorously. 
Mr. Walker, who is contractor for the whole scheme, has 

the sinking of the three shafts, one near the river and 
the two others near where i 
will be erected to pump out the water, which will not be 
attempted to be stopped back again. 

The Forest of Dean.—There is a healthier tone about the 
house coal trade of this district, and the Cinderford Valley, 
as well as some other collieries, have been more fully em- 
ple Prices are more in uniformity with other districts. 

n West Dean, where the colliers have been suffering owing 
to the Parkend and ‘‘ Fancy’’ stoppage, the times are bad, 
but there is a p of an early restart at the collieries. 

h crude or manufactured, is dull, and 
absence of animation at tin-plate mannfactories. 

The Pollution of Rivers.—At the monthly meeting of 
the Cardiff R Sanitary Authority on Wednesda 
Sens treat ares Be bye eRe 

@ serions ation iver per 
Works tclown Tin Works, and Bryn Saddler Iron 

also ted on the pollution 

situated on the banks 

r was in many 

so pollu to drink it. The 

were = material passing from the works 

into the river. It was resolved to the whole of the 

facts to the Local Government » and to ask for in- 

uiries to be held locally into all the cases of pollution of 
t rivers. 





Swansea Steam 


the spring wasstrack. Engines | 50s. 


months in advance before the 

Newport.—The quantity of iron ore received last week 
was 11,463 tons, as against 10,802 tons in the previous 
week. The exports of iron last week were 6054 tons, as 
against 1602 tons in the previous week. The quantity of 
+eoal sent over sea last week was 19,662 tons. 

Ordnance Survey.—The Royal Engineers, now making 
the of Gloucestershire, are erecting a ‘‘ crow’s- 
nest’’ or o! ry on the top of the tower of Gloucester 
Cathedral. It will be 260 ft. above the ground, and will 
be in use for three months. 

Swansea.—The reaction which has taken place gene- 
rally in the iron trade has become very marked in this 
district during the past week in all branches of the metal 
trade. It is not now confined to rails, but has affected 
bars, tin-plates, and other merchant iron. 

The Stuart Works, Hirwain.—Everything is now ar- 
ran for a formal start at these works, and in the course 
of this week the blast will be laid on, and active business 
will be thoroughly commenced. The first start will be 
with the blast furnaces, but the tin-plate mill will also be 
put in orde 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-[ron Market.—The warrant market was 
again dull last Thursday, and prices had a farther decline 








week. Business opened in the forenoon at 52s. 3d., and 
prices receded to 51s. 9d. cash, being 6d. under the lowest 
price paid since the great advance in September last year. 
The closing quotations, however, were, buyers at 52s. cash 
and 52s. 3d. one month. The prices ranged in the afternoon 
from 51s. 9d. to 52s. cash, and from 52s. to 52s. 3d. one 
month, and the day’s business closed with sellers at 52s. 
cash and 52s. 3d. one month, and buyers 1d. per ton lower. 
The market was fully stronger on — and prices re- 
covered to the extent of 4$d. per ton over Thursday’s close, 
but on the whole there was a decline of 2s. 8}d. Business 
was done at the opening of the forenoon market at 51s. 9d. 
cash and 52s. one month, from which there was an im- 
rovemeut to 52s. 7d. and 52s. 9d. respestively, the close 
os sellers at 52s. 6d. cash and 52s. 9d. one month 
and buyers lid. less. The afternoon quotations varied 
from 52s. to 52s. 44d. eash, and from 52s. 43d. to 
52s. 7d. one month, and the close was buyers at 52s. 4}d. 
cash and 52s. 7id. one month, and ers 1$d. over. 
Monday’s market opened strong, and at one time 
there was a gain. of 4}d. per ton. ther reaction having 
set in, pri i ls. 6d., and closed at the lowest 
figure, being 1s. lid. under last week’s close. There were 
transactions during the forenoon at from 52s. 4}d. to 
52s. 9d., and then back to 52s. 3d. cash, and from 52s. 74d. 
to 53s., thence back to 52s. 6d. one month, the close being 
buyers at the lowest figures and sellers 14d. over. In the 
afternoon the quotations were from 52s. to 51s. 3d. cash, 
and the market closed with sellers at 51s. 3d. cash and 
51s. 6d. one month, and buyers offering 1jd. less. The 
warrant market was again dull yesterday, and only a small 
local demand existed. Prices had a further decline to the 
extent of 10jd. per ton, making a fall of 2s. since last 
Friday. The price of warrants at the opening in the 
forenoon was 50s. 6d., a decline of 9d., but there 
was subsequently a recovery to 50s. 10d., from which 
the price went back to . 44d. cash, the market 
closing with sellers at: that price, and at 50s. 6d. one 
month, and buyers 14d. less. the afternoon the 
quotations ranged from 50s. 3d. to 50s. 4}d. cash, and from 
4}d. to 50s. 6d. one month, the close being sellers at 
the higher figures and buyers at 50s. 3d. cash and 50s. 6d. 
one month. The warrant market was very flat this fore- 
noon, when a very large business was done at from 50s. 
down to 49s. cash, also at 50s. 3d. down to 49s. 3d. one 
month, the market closing with buyers at the lowest, and 
sellers asking 49s. 3d. and 49s. 6d. cash and one month 
respectively. There was likewise a very flat market in the 
afternoon, with business done at 49s. 4}d. to 49s. cash, 
the close being buyers at 48s. 9d. cash and sellers 49s. 
Weak holders seem now to have been pretty well cleared 
out of the market, and the buyers appear to be of a more 
Sigh bebe, Lakelict hon tha pekigelie  Coaresias 
prices. a standpoin' av 
price of m the price of warrants has now reached a 
reasonable fi : ion i i 
com with the amount of actual business doing, the 
number of furnaces in blast being 115 as against 87 at 
this time last year, and only five fewer than in the month 
of April, 1875. The whole matter as to the future seems 
to turn upon the question, Will the present prices bri 
down production ; or will the production be kept up, 
mally by i ing stocks, press down prices? The 





to the extent of 10d. per ton, making a fall of 3s. on the M 


buying for the American markets during the early part of 
the year, and the large quantities of iron still in store wait- 
ing for shipment, the hopes of a return to the late brisk- 
ness seem to be more remote than holders anticipated. 
There has also been some disappointment felt as to the 
Continental demand, which has not improved as was ex- 
pected. Makers’ iron has been reduced in price very con- 
siderably, from 2s. 6d. to 7s. 6d. per ton. The stock in 
Messrs. Connal and Co.’s public warrant stores amounted 
to 436,471 tons at the end of last week, showing a decrease 
for the week of 1666tons. Last week’s shipments from all 
Scotch ports amounted to 15,794 tons as against 13,228 
tons in the corresponding week of last year. 

Manufactured Iron Trade.—There is a marked degree 
of quietness in this branch of trade, quotations have been 
reduced 20s. per ton, the official price for the leading 
brands of bar iron being now 71. per ton net. Very little 
new business is offering. 

Royal Scottish Society of Arts—Engineering Section.— 
The monthly meeting of this section was held last Wednes- 
day night, when a paper was read on details of some 
recently constructed water works by Mr. R. C. Reid, 
M. Inst. C.E. The works illustrated were the Dunferm- 
line Water Works, and the supply of water to Dalkeith 
from the Moorfoot Water Works of the Edinburgh and 
District Water Works. 

Institution of Engineers and Shipbuilders in Scotland. 
—An ordinary of the mates’ Section of this 
Institution was held last week, when the adjourned discus- 
sion took place on Mr. Willox’s Pauper on “The Electric 
Light and its Practical Applications.’’ Interesting remarks 
were made on the subject by Mr. David Johnstone, Mr. 
James Gilchrist, Mr. John Mayer, F.C.S.; Mr. James 
eldrum, C.E. ; Mr. Willox, and the President (Mr. John 
F. Miller). A paper on “Iron Shipbuilding’ was subse- 
eatty read by Mr. Charles H. Reynolds, of Meadowside 

hipyard, in the course of which the author gave an excel- 
lent sketch of numerous improvements made from time to 
time in the designing and practical construction of ships so 
as tomeet the wants of the ocean shipping trade, and to 
conform to the rules laid down by Lloyd’s Committee, 
the Liverpool istry, &c. The discussion on the paper 
was postponed till next meeting. 

The Glasgow soeet Society and the Implement 
Makers.—On Monday of last week, a meeting of the council 
of the Scottish Agricultural ineers’ Association was 
held to consider the changes which had been made by the 
directors of the Glasgow icultural Society in the rules 
relative to the exhibition of implements at their shows. It 
= ny 3 —- @ serious ee — incurred by 

e society by the encouragement and privileges given to 
exhibitors in the implement department, but the Council of 
the Engineers’ Association deemed the statement erro- 
neous, and after reference had been made to the great dis- 
satisfaction caused by the announcement, it was unani- 
mously resolved not to exhibit their implements this year 
at the Glasgow Show unless the rules were altered, and 
that a deputation should wait on the directors of the Agri- 
cultural Society and ask them to reconsider their decision. 
A meeting of the directors of the Glasgow Society was 
held this day week in the office of the secretary, St. Vincent- 
street, and after hearing the statements made by the depu- 
tation of the implement makers it was unanimously re- 
solved that for this year they must adhere to the changes 
complained of. It is understood that the effect of this 
decision will be that a large majority, if not all, of the 
leading implement makers will not exhibit, and thus 
deprive the showyard of one of its most interesting de- 
partments. 

Edinburgh Association of Science and <Arts.—At an 
ordinary meeting of this Association, held last Monday 
night, a short communication was made by Mr. William 
Firth on the use of india-rubber hose for steam and 
Sap pesese P , and exhibited a piece of canvas and 
rubber hose capable of withstanding a pressure of 4000 Ib. to 
the square inch, and also several other pieces of canvas and 
rubber packing, which he said, were most useful for en- 
gineers. reral members spoke favourably of the novel 
points embodied in Mr. Firth’s communication. 

Royal Society of Edinburgh.—A ing of this Society 
was held on M y night, when several short papers on 
a physical subjects were read, one of them being 
** On Currents uced by Friction between conducting 
Substances, and on a New Form of Telephone Receiver, 
with an Inquiry into mode of Action,’’ by Mr. James Blyth. 


The Recent Fatal Boiler Explosion at Glasgow.—As a 
result of the inquiry conducted by Mr. W. A. Brown, 
Procurator-Fiscal of Glasgow, into the causes of the boiler 
explosion which occurred in the works of the G w Iron 

orks Company in -road, Glasgow, on the 5th of 
March, whereby twenty-five workmen were killed, Robert 
Rutherford, the chief er, was apprehended last 

iday morning. Rui ord had charge of the boilers 
and machinery in the establishment, and it was his duty to 
make periodical inspections of them so that they might be 

bn gh good repair. It is alleged that he had 
violated his duty by failing to make sufficient — 
tion of the boilers and keep them in proper working order. 
ht before Sheriff G ie in the afternoon 
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cussion on the A ny by Mr. C. G. Saunders, on “Quantities and 
hee oe A Practice,” will be resumed. The chair to be at 

o'cloc’ 


ENGINEERING. 


FRIDAY, APRIL 23, 1880. 











RADIANT MATTER 
Tue researches of Mr. Crookes upon the 


behaviour of gases at that very high degree of | declares 


rarefaction when they begin to exhibit such striking 
and characteristic properties as to entitle them to 
be regarded as having passed into a new and 
fourth “‘ state” of matter, are at length beginning 
to attract notice upon the Continent. In France 
the majority of the experiments have been repeated 
with complete success, and although there have been 
one or two who failed to grasp their significance, 
French science has done honour to itself and to 
Mr. Crookes alike in the splendid prize awarded to 
the distinguished observer by the Académie des 
Sciences. Even this recognition has not deterred 
M. de Fonvielle from publishing, in a contemporary 
devoted to electrical science, an attack on Mr. 
Crookes in particular, and on the kinetic theory of 
| ers in general, a series of attacks which are as 
illogical in argument as they are bitter in tone. 





In Germany several physicists have taken up the 
matter, — them Professor Wiedemann, who, 
whilst generally confirming the accuracy of Crookes’ 
observations, is disposed to view some of them in a 
somewhat different light. For example, our readers 
will remember that one of the most striking features 
displayed by the discharges in Mr. Crookes’ ex- 
hausted bulbs was the lovely phosphorescence 
exhibited by the glass when it was exposed to the 
“ molecular’ bombardment”—a phosphorescence 
which varied in tint with the different kinds of 
glass—which exhibited itself in such jus hues 
when produced upon the surface of rubies, diamonds, 
and other gems,—and which enabled Mr. Crookes 
to trace out those molecular “ shadows” which ex- 
cited so remarkable an interest in the mind of 
every one who saw them. Now, ae enough, 
Professor Wiedemann dcclares that this phos- 
phorescence is produced, not as every one imagined 
on the interior surface of the tu where the 
molecules bombarded it, but on the exterior sur- 
face! By what proofs Professor Wiedemann has 
satisfied himself of this we are not aware; but there 
are very few competent pérsons who have seen Mr, 
Crookes’ experiments who would be found to agree 
with this notion. All ordinary reasoning would 
tend to an opposite opinion; and none but a 
superficial observer would, we think, have fallen 
into this strange error. Probably almost all our 
readers know that if a solid rod of glass be heated 
red hot at one end, the other end appears also, in 
some aspects, to glow with a red heat. The simple 
explanation of this illusion—which is striking 
enough to deceive a casual observer—is that the 
luminous rays are reflected along the glass rod 
internally, and on striking the other end emerge at 
angles which render them visible. Is it possible 
that a similar internal pro tion of the phos- 
phorescent light through the su ce of the glass 
walls of the exhausted bulbs has deceived so ac- 
complished a — as Professor Weidemann as 
to its real seat 

The latest criticisms upon Mr. Crookes’ researches 
reach us however from oi of Professor Gintl, 
of Prague. This distinguished gentleman has lately 
published a little hrochure entitled ‘‘ Studies upon 
Crookes’ Radiant Matter and the Mechanical Theory 
of Electricity,” in which he disputes the adequacy 
of the alleged properties of radiant matter to entitle 
it to be regarded as really a ‘‘ fourth” condition as 
distinguished from the solid, liquid, and gaseous 
states. We do not propose to analyse Dr. Gintl’s 
work in all its details, especially as its main pro- 
position turns upon what is to a very large extent a 
question of definition, viz., what properties are to 
be considered so sufficiently distinguishing as to 
entitle any given condition of matter to receive a 
distinctive title or name. Carefully reviewing the 
various phenomena described by Crookes, Dr. 
Gintl sums them up one by one very much as Mr. 
Crookes has himself done. He recognises perfectly 
clearly how molecules of matter are shot or tossed 
off from the negative pole in a direction normal to 
the surface, oan that they move in straight lines 
with uniform velocities until by some re- 
sisting obstacle. He, however, raises the objection 
that the production of molecular foci in certain 
cases is contradictory with another experiment of 
Crookes, in which two parallel streams of “radiant 
matter” are found to exercise a mutual repulsion. 
He maintains that the streams of ‘‘radiant matter” 
do not consist at all of the molecules of the 
residual gas, but that they consist of particles of 
metal torn off from the pole where the dischar 
takes place ; his argument for this assertion is that 
metallic particles are more likely to be acted upon 
by a magnet than gaseous molecules which he 
to be incomprehensible. He obviously 
overlooks the point that the action is due to the 
fact of the particles being electrified, and that 
electric convection may exert—as Rowland has 
shown—a magnetic influence, and therefore in turn 
be influenced by a et, Moreover, we must 
surely agree to regard the vapour of a metal as 
consisting of molecules fying about freely in space ; 
if so, why should it incomprehensible that 
a magnet should act on an electrified especially 
if that gas consist of electrified molecules? Dr. 
Gintl writes, indeed, just as one would write who 
had very carefully read but never seen the funda- 
mental experiments. If his theory that these 
streams of radiant matter are metallic icles torn 
off from the pole be true, it stands to reason, as 
he himself admits, that the phenomena would 
be different if different were used for 


poles. Yet with this simple crucial test before his 
eyes he has rushed into print without trying the 
experiment. A still more at an in 
Dr. Gintl’s pamphlet is the passage in w in one 
breath he denies the legitimacy of calling this con- 
dition of streaming or radiating molecules a ‘fourth 
state” of matter, and then admits that the existence 
of such a fourth state of radiant matter as that fore- 
shadowed by Faraday is possible, The case for 
which he- is Lge to ge the condition is the 
imaginary case where by some hypothetical in- 
stantaneous absolute exhaustion of A pose to a com- 
plete vacuum the few molecules existing in its 
= _— hes te off = the — directions in 
which the ppen to travelling diverging in 
straight + em for ever! This, as ‘ctonahey 
declares, would be real radiant matter. We do not 
doubt it. But perhaps Dr. Gintl will admit that 
there are such terms used as “ el rays” of 
light, also “ converging rays,” and that we do not 
restrict the term ‘‘ rays” of light to a hypothetical 
case wherein a luminous point should send out 
diverging rays unimpeded to infinite distances. Then 
why restrict the term radiant matter to a single case 
of infinite divergence? Surely Dr. Gintl’s severe 
logic convicts himself, There can be no doubt that 
the properties of Mr. Crookes’ “radiant matter” 
differ more from those of ordinary gases than do the 
mee of ordinary gases from those of liquids. 
And if the differences between the jus and 
liquid states are sufficiently well marked to entitle 
them to be styled as distinct states of matter, then, 
a Yo ely Mr. Crookes is justified in advancing the 
claim to a special title of that fourth condition of 
matter in which the molecules move either in parallel, 
or converging, or diverging beams at will, and for 
which he has chosen from ct far-seeing 
speculation the very significant and appropriate 
name of “radiant matter.” 





MOLECULAR CHANGES IN IRON 
WIRES. 

In a recent number of ENGINEERING we gave an 
account of the interesting experiments of Professor 
Hughes on the brittleness induced in iron or steel 
wires by immersion in dilute acids, and this im- 
portant question was again freely discussed by the 
Society of ne Engineers on April 14th, when 
Professor Hughes communicated the results of his 
further experiments in this direction to that body. 
Professor Hughes finds that the brittleness is not 
due to any flaw in the steel or iron wires which he 
immersed in the acid, but invariably happens with 
all kinds of steel and iron. Nor does it arise to any 
specific a. of sulphuric or other acid to 
water. But as far as he has gone he has not found 
any other metals, such as copper and brass, to be- 
have in like manner, and therefore he is inclined to 
consider the property as iar to the metal iron, 

The suggestion made by Mr. W. Chandler Ro- 
berts that the brittleness is due to absorption of 
hydrogen by the iron wire is fully borne out by the 
tests of Professor Hughes. The brittle wire shows 
no change of magnetic conductivity when tested by 
the induction balance such as would be the result of 
heating, straining, tempering, or corroding the wire, 
Again, if the wire is immersed in very weak acid 
(one-twentieth part of sulphuric acid, say), it takes 
about thirty minutes for the wire to become fully 
brittle, whereas on immersing an amalgamated zinc 
plate in the same liquid also and connecting it to 
the iron by means of a wire so as to form a voltaic 


ge | element giving off abundant hydrogen at the surface 


of the iron, the full ee is ape vr in a minute 
or two, owing apparently to the a on of the 
hydrogen by the iron. Ne the latter ‘on. too, the 
presence of the zinc protects the iron from the action 
of the acid, and therefore demonstrates that the 
brittleness is not due to a mere surface corrosion. 
It is not absolutely necessary that the zinc should 
be in the same cell with the iron, for if a current from 
a few cells of an external battery is passed through 
two iron wires acting as electrodes in sulphuric acid 
and water, both wires become brittle, though in a 
very different degree, the wire connected with the 
zinc or negative pole becoming bright and ex- 
cessively brittle, while that connected with the 
arn le is much corroded, and but ye A 


Hughes also finds that with 
arraD 
as well as ordinary water, produce the brittleness in 





t, all acids and neutral salts he has tried, 
a space of time rtional to the conductivity of 
the liquid employed. When wutie tial Sotes nelliel 
salts are the negative pole is quite bright but 
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brittle, while the positive is much corroded but not| volume, irrespective of the ‘‘ natural gas” in the | the existing rolling stock, although complaints seem 
’ the ents are made more to 


t all changed in pliability. 
, Professor Hughes believes the brittleness due to 


a tion of hydrogen it its ‘‘ nascent” state, for he 
eed no such effect by continued immersion 
of the wires in carburetted hy m (or ordinary 
lighting) gas; whereas, as above escribed, when 
lunged in a medium containing pyerogen just freed 
rom combination with some other elements, the 
brittleness is very marked. The hydrogen seems to 
permeate through the entire mass, for rods } in. 
thick require more time to be affected than the 
smaller needles experimented upon. Mr. Stroh has 
confirmed this observation by filing and polishing 
saturated wires down to a mere fraction of their 
inal diameter, and still finding them to retain 
their brittleness. Once a wireis completely ‘‘ hydro- 
genated,” it appears also to retain its brittle- 
ness i itely. If, however, it be heated toa 
cherry red in the flame of a Eas lamp its flexibility 
is completely restored, and the hydrogen ap to 
be driven out of it. Professor Hughes re- 
marked, curiously enough, that tension of the wire 
brought back its original flexibility. In connexion 
with these results Professor Hughes discovered 
that a wire immersed in sulphuric acid and water of 
any proportion, say one-sixteenth of acid, becomes 
afterwards more electro-negative than at the first 
moment of plunging. Ina voltaic cell with plates of 
amalgamated zinc and iron it is evidently the electro. 
motive force of zinc and Aydrogenated iron which is 
obtained. Moreover, Professor Hughes finds that 
when the iron has absorbed its full compliment of 
hy the cell becomes constant, and shows but 
ittle signs of polarisation, though ‘ short circuited” 
for hours, After a few days’ hard work through 
small resistance there is a slight diminution of electro- 
motive force, owing perhaps to the acidulated water 
becoming more neutral by the formation of sulphate 
of zinc and iron. And, singularly enough, to testore 
the cell to its original electromotive force it is only 
n to short circuit it for a few seconds. Now 
in most batteries, as is well known, short circuiting 
is the very thing to reduce the electromotive force, 
but with the iron-zinc cell, on the contrary, it restores 
it. The explanation of this anomalous result is 
doubtless due to the fact pointed out by Professor 
Hughes, that it is not iron but hydrogenated iron 
which forms the electro- aeewe plate of such a cell, 
and that this iron is most electro-negative to the zinc 
when saturated with hydrogen. The highest electro- 
motive of the cell is then obtained. Continued 
working of the cell probably weakens the electro- 
motive force by robbing the iron of its hydrogen 
in some way, but on short ag ay the ae 
again clouds of hydrogen envelop the iron an 
enable it to absorb ta full charge of the gas. 
It is not at the first instant after breaking the 
short circuit that the gacmenetivs force is ea 
restored, but about ten seco ter, apparently 
when the iron has had time to absorb the hydrogen. 
Experiments made by Mr. H. R. Kempe, at the in- 
stigation of Mr. W. H, Preece, the President, tended 
on the whole to confirm these results. 

An ingenious practical application of iron as a 
negative was also suggested to Professor Hughes, 
namely, the chemical purification of mercury from 
zine 4 by immersing the mercury in dilute acid 
and teething it with an iron wire. So long as any 
zinc remains in the mercury, hydrogen gas is given 
off by this conjunction, In proof of this, if after a 
certain time no hydrogen is given off, the mercury 
is simply touched with zine for an instant the hy- 
drogen at once reappears, and is evolved until this 
trace of zinc is thrown off by the mercury. In con- 
cluding his paper Professor Hughes remarked that 
though the presence of hydrogen in iron rendered 
it more brittle, on the other hand it made it more 
electro-negative and hence better able to keep free 


from rust, 
A supplementary by Mr, Chandler Roberts, 
F.RS., emist to the Mint, established the fact that 


iron wires immersed in sulphuric acid behaved like 
the metal palladium and “ occluded” or absorbed 
hydrogen. The late Professor Graham found that 
palladium absorbed nine hundred times its own 
volume of hydrogen, expanding linearly at the 
same time about 2 per cent. This expansion was 
exhibited to the meeting by Mr. Roberts in a very 
conspicuous way, by means of a long index or lever 
actuated by the expansion of a ium rod fed 
with age. by means of electro in a zinc- 
palladium . Roberts by heating the brittle 
wires of Professor Hughes ia vacuo has found that 
they ocelude or absorb about twenty times their 


metal which amounts to from three to ten volumes 
of hy and carbonic oxide. 

It is, therefore, beyond a doubt that the brittle- 
ness is due to absorption of hy n by the wires, 
but as the President pointed out this does not solve 
the problem 4ow the produces the loss of 
pliability. That this brittleness is not attended by 
any loss of tensile strength in the wires would appear 
from some experiments of Mr. Stroh. Professor 
Abel could not offer any explanation of the mole- 
cular process. Mr. Anderson, chairman of the com- 
mittee for lovemanens 9° true nature of temper- 
ing said that Mr. Edison’s experiments on temper- 
ing metal in vacuo, had led him to the theory that 
what is called the temper of iron and steel is due 
to the gases, chiefly hydrogen, in the interior of the 
metal. Hardening the metal or tempering by heat- 
ing, then suddenly cooling it, had the effect of 
keeping these gases out of it, and shrinking the 
particles of metal more closely together so as to in- 
crease their cohesion. He, therefore, asked if any 
hardening of the wires on immersion in the acid had 
been‘noticeable ; and Mr. Stroh replied that he had 
found none. The wires were apparently as soft as 
before. Moreover, it seemed to have been forgotten 
by the meeting that Professor Hughes in his paper 
stated that the wires when tested in the induction 
balance showed no change of strain or ¢empering. 
Professor Adams then explained that the molecules 
of hydrogen absorbed by the metal would probably 
by separating the molecules of the metal further 
apart, reduce the force of cohesion, just as the atoms 

one metal when alloyed with another lose their 
original cohesion. Professor vio: | pointed out that 
there were alloys, such as those of tin and copper, 
which were A stronger than either of the com- 
ponent metals, and that the cohesion of the iron 
wires did not seem to be affected longitudinally, for 
they were as strong as before when subjected to 
tensile stress. Mr. J. Munro suggested that the 
brittleness might be due toa m ical effect in 
the wires. When a wire is bent one side is in 
tension while the other is in compression, and per- 
haps the intruding molecules of the gas would block 
up the inter-molecular spaces on the latter side, and 
by preventing this compression cause the wire to 
snap across. At the same time the tensile strength 
of the wire need not be altered. He also endea- 
voured to account for the fact cited by Professor 
Hughes, that subjecting the wires to tension restored 
their pliability, by supposing that the stretching of 
the wires allowed the molecules of the gas to escape, 
or in other words that it ‘‘ squeezed” them out, 

The discussion, which was highly interesting, was 
terminated by Mr. Treuenfeldt, alluding to the 
practical importance of the subject in practical 
telegraphy; and Mr. Willoughby Smith observed 
that it long been customary in soldering tele- 
graph wires with a flux of sulphuric acid to see that 
the acid is properly “killed” with zinc, and to wash 
the joint carefully thereafter, in order to prevent 
any free acid from rendering the wire brittle. He 
might have added that resin is often used instead of 
a sulphuric acid flux for this reason. The deleterious 
effects of the acid, however, were, we think, com- 
monly set down to corrosion, and in fine apparatus 
to a diliquescence causing loss of insulation. 


THE ITALIAN RAILWAY COMMISSION. 

Tue detailed report of the proceedings of the 
Italian Railway Commission, which concluded its 
investigations on the 10th of January last, has now 
been published, and it contains much to interest 
the whole railway world, although, of course, many 
of the questions discussed were special points, only 
bearing upon Italian railways. As evidence on 
many subjects was given by railway engineers and 
servants, by consignors of goods of all kinds, and 
by [eye officials, all classes were represented, 
and very varied opinions were exp . 

Financial matters were discussed at some length, 
but these questions er come within our province. 
Signor Peruzzi, former Minister of Public Works, 
who gave evidence before the commission, expressed 
the opinion that the exemption of foreign railway 
material from duty was of doubtful utility, and 
strongly urged the various companies to iment 
with native coal, with the view of faery dex where- 
ever possible. Some have already been taken 
in this direction, but without success, owing to the 
absence of the conditions pooen: success— 
the necessity of modifications in the fireboxes, &c. 

It was stated that the rate of speed obtained on 





general that 
suit the convenience of influential officials than with 
reference to the requirements of the districts served. 
Further, Signor Peruzzi pointed out that a great 
mistake had made in imagining that the traffic 
would be extended by the increase in the number 
of trains, especially of through ones, which latter 
he did not think would pay, except to a limited 
extent, and he advised the companies to develop the 
local traffic, as opposed to the former. He pointed 
out that what the companies must do, was to reduce 
the trains, until they arrived at the point of convey- 
ing the maximum quantity of passengers and goods 
with the minimum amount of trains, and therefore 
of outlay, and he urged upon them the necessity of 
consulting the convenience of passengers by arrang- 
ing their train services to correspond with each 
other, and with steamboat lines, &c., a thing which 
it appears is, at present, almost unknown. 

he system of through booking, such as exists 
in this country, is not followed out to any extent, 
even for Italy itself, whilst it is impossible to book 
over any foreign railways. As to the tariffs in force 
on the various lines, the opinion was expressed that 
variable goods rates should be imposed, special 
facilities being offered to manufacturers by low 
rates for conveyance of raw material, while it was 
held that these special rates should operate irre- 
spective of distance. It was stated that great 
benefits would result, both to the companies and to 
the country at large, by the adoption of this system, 
which it was claimed would be of great value in 
fostering native industries, which at present cannot 
be carried on advan usly, owing to the high 
rate of transport. Facilities, it was added, should 
also be given for the return of empties, Signor 
Peruzzi pointing out that the absence of such con- 
cessions causes fralian goods to be badly and insuffi- 
ciently ed, with the result that they are looked 
upon with disfavour by merchants. 

In order to carry out all these details Signor 
Peruzzi showed the necessity of having reliable 
statistics compiled, giving the number of trains, 
—_ of goods and passengers carried, &c. Full 

etails were laid down for the calculation of tariffs, 
it being decided that, the actual cost per ton per 
mile being ascertained, the important points to be 
taken into consideration were, the competition, 
either of other lines, or of road or water trans 
the rates being fixed according to the facilities 
offered by the cost of the alternative methods of 


The importance of facilitating export trade, by 
means of special rates to the ports of shipment, 
was a urged, and it was Pg out thata 
great hindrance was at present thrown in the way 
of the extension of the export of native goods by 
the heavy rates demanded by most companies. 
Complaints were made as to the unsuitability of the 
— for the conveyance of damageable goods, 
and it was fF yg out that special wagons should 
be provided for meat, fish, fruit, and all other 
damageable and perishable articles, Signor Gustavo 
Ciampi, an export provision merchant, making 
a strong point of the necessity of employing 
refrigerating wagons for meat, &c., whilst urging 
the a of fruit trucks, such as are employed 
on the Austrian and German railways. Complaints 
were also made as to the delay in forwarding, heavy 
losses being thus occasioned, and twelve hours was 
mentioned as the longest time which should elapse 
before such goods were sent forward. 

Signor Peruzzi stated that the system of giving 
a bonus to the employés on all savings effected by 
them, and on increased traffic, has been attended 
with good results on those lines where it had been 
adopted, and he recommended its general applica- 
tion. 

A discussion was carried on as to the relative ad- 
vantages of private purchase and open tender, the 
general opinion being in favour of the former, on 
the grounds that the excessively low tenders pro- 
voked by the latter were injurious. The companies 
are always interested in obtaining the lowest prices, 
and by confining the competition to well-known 
respectable firms, the matter is simplified, and re- 
duced simply to a question of price, whilst in the 
former many inquiries have hy og Bar and the 
status of the ten taken into consideration. 

A considerable amount of the time of the Com- 
mission was devoted to the question of the distribu- 
tion of authority amongst the official staff, and to 
matters of detail affecting the working of all the 








the various lines was the maximum attainable with 


departments of a railway company. Some of these 
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m, as many of the 


it is unnecessary to touch wu 
en from the arrange- 


suggestions were evidently 
ments in vogue in this country, § Peruzzi 
having, when Minister of Public orks, sent 
officials to England to inquire into our railway 
system, with the object of introducing reforms 
based upon English experience. With regard to 
the staff, the opinions expressed were in favour of 
giving power to the general and to the 
chairman to decide every ordinary question without 
reference to the board of directors, the chairman 
being apparently expected to be an active working 
member of the staff, and to undertake the settlement 
of all disputes about charges, claims, rates of pay, 
fines, &c., in conjunction with the general manager. 
Signor Peruzzi, who had ten years’ experience as 
general manager of the Leghorn Railway, objected 
to the small authority in Italy by the 
general manager of a railway, and strongly advised 
that this office and that of traffic manager should, 
where possible, be united; but that, should this 
arrangement not be practicable, the traffic de- 
partment should be controlled from the general 
manager's office, under his direct supervision, 
and by assistants for whom he should be respon- 
sible. He also recommended that all limited lia- 
bility railway companies should have, in addition 
to the ordinary board of directors, a committee 
of shareholders, elected by the general meeting, 
who should exercise a certain control over the 
board in all matters connected with the outlay of 
capital, such as extension of works, transforma- 
tion of rolling stock, permanent way, &c.; in fact, 
to exercise a check in the financial interest of the 
shareholders upon the directors, who might other- 
wise (as often appears to occur) from motives of 
private interest, or other reasons, be induced to 
sanction expenditure which they were not justified 
in doing, and against which the shareholders in 
general meeting can only protest when it is too late. 

One of the points most strongly insisted upon 
was the concentration of authority, rather than the 
multiplication of comparatively irresponsible offi- 
cials, both Signori Peruzzi and Morandini (the 
latter chairman of the Alta Italia Railway) being of 
opinion that the actual working management should 
be retained in the hands of the manager and chair- 
man, all the details being carried out under their 
instructions. The former also seems intent upon 
abolishing the board of directors, as at present con- 
stituted, leaving all technical matters in the hands 
of paid officials, and limiting the power of the com- 
mittee of shareholders, which he would substitute 
for the board, to the question of financial advisa- 
bility. 

Signor Confalonieri, superintendent of the third 
section of the Alta Italia Railway, followed in the 
same line, complaining of the great complication 
and inconvenience which arises from the division of 
one company’s system into distinct and almost 
independent sections, each one having its own heads, 
and constituting a separate organisation. He pointed 
out the difficulties arising from such a plan, as for 
example the tendency of the various sections to 
shift responsibility for damage or delay from one 
to the other, resulting in endless internal disputes, 
the great increase of office work, and the annoy- 
ance and dissatisfaction of the general public. 
Besides this, he thought the plan worked badly, in 
the way of making a general system of discipline 
over the whole line almost impossible, besides 
rendering it difficult to trace thefts, to avoid undue 
favoritism in the matter of promotions, &c. All of 
these objections he claimed would be removed by 
the centralisation of the management. 

Great dissatisfaction seems to exist amongst Italian 
merchants and consignees generally, with regard to 
the supply of wagons, which are both in bad con- 
dition and unsui to special goods. Signor 
Peruzzi suggested the advisability of having specially 
designed trucks for food stuffs, iron, machinery, 
and also for valuable goods, which being charged 
at the highest rate, could be provided with special ac- 
commodation. At the same time he pointed out that, 
in a great measure, the insufficiency of the wagons 
was due to the inadequate accommodation at the 
stations for loading and unloading, bad arrangement 
of the traffic, and want of attention to the depart- 
ment generally. Signor Bachelet was of opinion that 
the dearth of trucks was often caused by sudden 
demands on the rolling stock, as at one time the de- 
mand would be greater than could be met, whilst at 
others a great part of the rolling stock would be 
lying idle. Signor Confalonieri stated that.on the 
days when the want of wagons was felt, between 








2000 and 2500 were lying idle, and urged the 
importance of having reserve stations at central 
points, where &c., could be kept, and 
easily despatched from thence to any point where 
a sudden demand might arise, As a of the 
want of system in working the traffic, he 
asserted that out of 100 hours during which a wagon 
is in use, 88 are spent on sidings, waiting to be un- 
loaded, &c., and only 12 hours on the road. A 
point which he considered required attention, was 
the making up of complete loads for the various 
stations, so that wagons could be dropped and taken 
up ex route, without delaying the trains to partiall 
load or unload one of the through wagons. He 
believed that the stock of wagons was ample, the 


Italian railways possessing 13,000 goods or 
more than six to the mile, a | proportion 

that of the German Siidbahn. e admitted, how- 
ever, that their condition was very bad, the outlay on 
repairs being almost half as much again as it was in 


1871 and 1872. The question of demurrage 
between the various companies was entered into, 
and it was shown that this was so high that 
whenever possible the goods were transferred 
by the company receiving them into their own 
trucks, to avoid PS ange the rates demanded, Of 
course further delay resulted from this practice, 
which was most objectionable, and it was pointed 
out that the foreign lines working in connexion with 
the Italian railways were much more moderate in 
this respect. For — whilst the Paris, Lyons, 
and Mediterranean Company {lend waterproof 
sheets gratis, on condition of their being returned 
in a month, or their value being paid, the Roman 
Railway Company charges them at the same rate as 
wagons, Signor Morandini considered that for the 
economical working of the lines, the number of 
trains should be reduced, whilst the rates for goods 
should be remodelled, valuable articles being charged 
higher, and bulky material lower rates than at pre- 
sen 


Cav. Lipisich complained of the imperfect state 
of the permanent way, most lines being laid part with 
iron and part with steel rails, resulting in a decrease 
of speed. On the Paicenza-Alessandria line, which 
is entirely laid with steel Vignoles rails, a speed of 
70 kilometres is attained, but this cannot be reached 
on other lines, owing to imperfect construction and 
sharp curves. The cost of maintenance of the Alta 
Italia, No. 3 section, is 4000 lire per. kilometre, 
half of which is spent on the permanent way. This 
amount is partly due to the night services, which 
necessitate special inspection, for which 300 lire are 


calculated. The amount of 4000 lire is made up by 
the following items : 
xc of ma 
Labour de <a 900 
Inspection _... ied jue 1100 
Maintenance of buildings, &c. 800 
Clearing away snow os ia eee 100 
Gen expenses... ons ose ose 300 


4000 

Signor Rombaux urged the advisability of 
— central repairing oo as being a means 
of reducing expenditure, whilst Signor Agazzi con- 
plained of the _ expense in repairing locomo- 
tives, owing to the bad quality of the water, and the 
length of time they were allowed to run without 
having the tubes cleaned. Many other points were 
touched upon, but they have no interest to any but 
Italian readers, 


——== 


THE ELECTRICAL ADHESION OF 
METAL CONTACTS. 

Workers with telegraph apparatus have often 
observed a sticking action between two metal con- 
tacts (such as the tongue of a “ relay”) across 
which a current of electricity is passing; but no 
experimental study of the phenomenon as far 
as we are aware, been made of the phenomenon till 
Mr, Stroh, the eminent mechanician, took it up. 
The results of his recent regearches on this subject 
were recently communicated on April 14th to the 
Society of Telegraph Engineers, when some exceed- 
ingly interesting experiments were shown by him. 

he accompanying is @ ro’ sketch of 
Mr. Stroh’s apparatus for capi f adhesion. 
The metal contact X is formed at the 





wire B which is supported at one end D, and a 
bent wire C of the same or another metal as the 
case may be, The current from a single bichromate 
cell is sent across the contact 
poles of the cell by wires W 


connecting the 
to the mercury 


w 


crossing of a| will thank 


E, connected 


contact cups D 
is a base-board ap 
B is 12 in. long, and it 

sharp 


present a 


D 
£ 


A 

most adhesive contact is formed by two knife-edges 
i = yar px ay = ae ee be 
y clean and polish n pressing B against 
DB wth’c say ante tel Me aaean a te 
current will cause the two to adhere ther; and 
they will continue to adhere though the current be 
taken off. The rapid making and breaking of the 
current even does not dislodge B. At every mak 
and break, however, a ‘‘ click” is heard, w is 

louder on making than on bipe we 
To measure the force of adhesion Mr, Stroh has 
constructed a modification of the above apparatus, 
in which the rod B is made into a kind of steelyard 
along which a weight of German silver is slid until 
it pulls asunder the two contact which are 
stuck together by the current, These edges are 
bevelled to angles of 45 deg., and they were made 
of different metals in order to get comparative 

resul 


ts. 
‘The following Table shows the strength of the 
electric joint produced by the current from two 








bichromate cells of the ordinary globular form sold 
by instrument makers : 

Contacts of Sustained grammes. 
Copper avs ove ove ove 0.15 
Silver ... oes 0.15 
Aluminium 2. 5 
Brass ... 8. 5 
Zinc 11. 0 
Tin ae 14 
Gold... 17 
Lead ... cos 18 
German Silver 28 
Platinum... 42 
Tron... 85 
Steel, soft . 100 


It will be remarked that copper and silver contacts 
being the best conductors give the lowest adhesive 
force. This is explained by Mr. Stroh on the 
hypothesis that the sticking is due to a partial 
fusion and welding of the points of contact by 
heating due to the passage of the current, Copper 
and silver, offering little resistance to the passage 
of the current, are, therefore, very feebly heated or 
fused; hence there is only a slight adhesion. The 
adhesive power of the joint does not, however, 
strictly follow the relative resistances of the metals, 
owing probably to the metals being of different 
d of hardness ; lead, for instance, being much 

in the contact ge than platinum, and, 
therefore, more liable to flattened out by the 
shock of meeting. It is not so easy to account for 
the extraordinary difference between hard and soft 
8 the latter supporting less than one-half the 
weight supported y the former. 

There is little doubt that welding is the true 
cause of this adhesion, for the microsco ainly 
shows the fused edges of the contact. e result 
of a continued “pp cation of the current seems to 
be a hardening of the contact, as if it were plunged 
in water or tempered. This effect naturally reminds 
us of Mr. Edison’s experiments on the 
and consequent hardening of wires by passing 
currents through them. 

In concluding his observations Mr. Stroh drew 
attention to the fact that the adhesion was, perhaps, 
chiefly due to the breaking of the current, which 
was always attended by a spark. Mr. W. H. Preece 
hear: § that if the current were interrupted often 
enough, the resulting clicks would merge them- 
selves into a continuous hum; and alluded to the 
obvious connexion between such a contact and the 


microphone. 
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is an ardent sa: of 
he'bas made this thorough 
it with the experimen 


could give us, without trouble, a 
is the approximation 
to, or deviation from, the truth involved in the lication 
of the formula. Professor Kennedy refers me to Weyrauch’s 
book, and aay, be — formula gives a 
mediate results ‘‘ whic agree very well’’ wi 
experiments. From the phraseology used I should fancy 
that Professor Kennedy has not himself made th 


@ above- 
desired comparison, and the doubtful hesitating character 


of that Lage Bey | is, if I remember rightly, a very fair 
hrase of the dubious apologetic tone in which Wey- 
of the in iate accuracy of his 
bn ponent Pago ae what may appear 
to agree ing to one ’s opinion, ma; 
sppeer very menact to others, and, theret pte tower one i 
approximative accuracy what practical men wan’ 
is the quantitative measure of theapproximation. And, there- 
fore, to put it in this quantitative form, I su; that, 
* for i , a straight line between L and P might per- 
haps come just as near the truth.”” Of course, any other 
quantitative form of the information sought for would be 
received with equal kfulness. I think in this same 
book of Weyrauch’s tLere are found two or three—I am 
speaking from memory of what I read several years back 
and cannot be certain whether it is two or three—numerical 
illustrations of the formula applied to intermediate results 
and compared with the numbers given by experiment. The 
accordance was not such as appeared to me at all satisfac- 
; the deviation of the formula from the experimental 
truth was ing to my ideas of practically useful 
approximation inadmissibly large. For instance, if I am 
very much mistaken indeed, the deviation was much 
than that I have s ted above, namely, that of 
straight line L P in my letter in your issue of 2nd of 


April from the parabolic curve L P. Iam not advocating | i) 


the adoption of the straight line instead of the curve. I only 
use the difference between the straight line and the para- 
bolic curve as a quantitative measure of inaccuracy. Not 
havi , 

brent 4 I cannot say that the true curve would not lie on 
that side of the parabolic curve opposite to the side on 
which the straight line lies. 

Professor Kennedy says that the application of Laun- 
hardt’s men ecillati between pean. ond —, 
pression was = What offer 
that assertion ? erence to — blished several 
years after Weyrauch’s book in which the formula was 
expounded and was applied in the above manner. This is 
most decided anachronism. Having been engaged myself 
for some time in the design and eabing of several testing 
machines, in which many of the features were adopted from 
Wohler’s machines, , therefore, having had occasion to 
look up the matter to some extent, I could hardly fail to 
be well aware of the fact that Wéhler’s experiments in- 
cluded many in which alternate compression and extension 
were given to the material, but I believe I am correct in 
saying that these experiments were made subsequent to 

eyrauch’s construction and publication of his formula, 
or at any rate that at that time the results of these experi- 
ments were not in an available form. Therefore, I must 
conclude, if Iam to avoid anachronism, that this philo- 

her constructed his formula without reference to these 
la : a a fee ph he made ee ahave 
application of it imaginatively, or let us say propheti ° 
I have yet to learn, and I shall be very much surprised to 
learn, that his prophecy has turned out in agreement with 
fact. Inany case the gift of La ae is a dangerous 
thing to rely on in the design of railway bridges. 

It would seem to me extraordinary and hardly 

ible that what Professor Kennedy say’, namely, that 
after all that has been said and written about him, Wéhler 
really “ never — at all that the ultimate resistance 
of a material is affected by rupeated strainings,”’ and that the 
real aim of his experiments was the investigation of ‘‘ altera- 


tions in the limit of elasticity.’ Unfortunately, as Professor | I ha’ 


eye ee in his letter in your issue of 26th March, 
the limit of elasticity has been defined in a great many 
different ways, but none of the definitions I have ever seen 
would make the above statement more easy to believe. In 
the last-mentioned letter, Professor Kennedy introduces 
an entirely novel definition which bas no relation of 
kind to the exact definition now = generally accep 
by physical scientists, and which would be practically 
in ineering cal » because a stress far 
below what E commonly termed the limit of elasticity 
might or might not cause a sensible alteration of the form 
of the structure in which the stress acts, accordiny to the 
oe A that structure. In consequence of this variability 
e de’ 


finition he gives, it is pn ee that the figures | safet; 
‘a 


he gives in the accompanying Table of experiments have 
been caloulated in ce with that definition, and 
since these figures form a valuable addition to the experi- 
mental data on the subject, I wonhi be much obliged if 
Professor Kennedy will tell us how they have been calcu- 


Seeing that all that Mr. am Ende has written recen 
ee iemeds tetaain sad tole ontbtris br pectin 
wit! e ch’s form it in i 
as a tem makeshift in want of something better, I 
am st 
tack”’ his views. J] have pointed ont that even ad- 
itting the i Pot TLaunbardt's formula, 


Mr. am Ende’s in the factor of safety to 
all three of the A, U, ©, instead of to A alone, is 
in practice. I explained this grap’ 


me the means of referring to the experimental | g 


t+ he should consider my letter an “ at-| All 





4 C. sally at fo Fig 138% Bin elegant’ So 
fl . As I fail to thing in his second last 
iter that i int, Tr te the diffe- 


again sta 
in Mr. am Ende’s 


a=U (1+ <): 
f fa ; 
C and a the actual lower and higher stresses, that is, 
I would write it so if I were follow Weyrauch’s 


formula. rather than do that I would prefer to adopt 
different factors of safety for di stru 


ture, and for different parts of the selected 
in ce with the judgment of the men, such as Mr. 
am Ende is in brid , most i in par- 
ticular class of work. This ly until the good 
time coming, when we shall from experimental evi- 
Sones oe ® the stresses strains caused in 


ates ee 299, ¢ Civil Buginowing ts the proper 
hg ticular rt Civi montane,” 
a a live load at double fiat for a dead 
load. 

{ am, Sir, your trul 


7; 
Rosert H, SMITH. 
Tucea, Italy, March 13, 1880. 


To THE Epiror or ENGINEERING. | 

Srr,—I am sorry that I have not time to enter into the 
discussion of the very in ing questions connected with 
the proper meaning and use of factors of safety raised by 
Mr. am Ende. So far as I can see, they have no as 
on the point which I raised, which was a purely PL 
one, and not a matter of mathematics. I am very to 
see that so good an authority as Mr. Longridge agrees with 
my view of the matter. } 

A however, from other extraneous matters, I think 
the whole can be put thus: Given a bar (say of one square 
inch area) se a limit of elasticity of 12 tons, then the 
first time that the load on the bar exceeds that figure, it 
ill be so much stretched that the structure to which it 
belongs will be seriously distorted. This is surely a physical 
fact quite independent of whether the bar is in its ordinary 
working subjected to stress between 0 and 5 tons, or between 
and 7 tons, or between any other limits. But the system 
of formule advocated by Weyrauch and Mr. am Ende 
assumes that in the second case the limit of elasticity is 
higher than in the first, i.e., that the material, if in ordi- 
nary working it be strained only between 3 and 7 tons, can 
bear a greater load than 12 tons without injury. Without 
this assumption, which is repeated by Weyrauch over and 
over again, these formule have no meaning, and I must 
maintain that the assumption is one for which 


justification w 

Wohler showed that sucb a bar as I have ed, 
step ieee ede eee 
might , might y re plicati q 
say, 18 tons, alternated with some er load. But this has 
nothing to do with the conditions of practical design for the 
simple reason that we can never apply 18 tons to the bar even 
once, without destroying the structure. The greatest load 
which it would be under any circumstances even possible 
(not to say proper) for us to apply either once or repeatedly 
must be w 12 tons. And so long asthe bar has never 
been strained up to 12 tons so long does 12 tons remain its 
mph Re 
can be prov repeated strainings e limit o' 
elasticity in some way raise that limit, which I believe has 
not been suggested. 

The choice of a factor of safety (whether in reference to 
the limit or to the breaking load) of course includes con- 
siderations asito corrosion, initial strain, &c., equally under 
all circumstances, and lies outside the question at issue. 

Yours truly, 
Reod ran aa Avex. B. W. Kennepy. 
gineerin; ratory, University College, 
W.c., April 20, 1880. 


To THe EpiTor oF ENGINEERING. 
S1r,—In common doubtless with many of your readers 
with much interest the letters on the Laun- 
eae formula; and the views oe by 
le and controverted by Professor Kennedy raise 
more importance than at first sight 
appear. For wu the present time engi have had 
to design and build their structures without actual ex- 
perience of durability, and the era when deterioration and 
the a accumulation of strains are to put an end 
to many of those existing may be only about to commence. 
Whenever that time comes much will be learnt that we are 
now only ing after, but even now it is desirable to con- 
iler spaniels ony vatheual poopeneh $ i ing our 
present practice. The controversy seems to turna deal 
on the ——- of the common phrase “factor of 
i b bear 





ere is no 





ve 
hardt- 
Mr. am 
questions of parens 


were to destruction, 
of them would pass the strain when permanent set 
i bave their He gps egg Sones Fampebe we 
w ini _ exists which 


™ many 








nearly nil to 5 tons time a train over it if the 
ordinary formula be . But by Weyrauch’s method the 
cross girder would be proporti 4 tons per inch 


OTT it be asserted that a certain factor of safety is taken 
in order to provide against accidental overloading, it would 
seem safer and more correct to state this possible loading, 
ce Hig ne Sei eae eas 
with a ac’ ; wo! 
interesting to learn ey Longridge, who assumes the 
base of strength to be the ordinary limit of elasticity, and 
therefore a constant, how he would deal with the repeated 
strains which have a varying influence upon the strength 
according to the range of stress. 
I am, Sir, yours truly, 

32, Walbrook, April 21, 1880 Ew1ne MATHESON. 


To THE EpIToR OF ENGINEERING. 
Srr,—Mr. J. A. Longridge in his letter in last En- 
GINEERING concludes that the final formula of 


Cc 
A=Uf1 = 
tas 


is not to be relied upon, b 
therefrom ite 





the equatio 
U U? 

Awe + ale 
3 \ z +nCU 


becomes impossible, whenever C is negative and n ont 
A being and n <1, it can easily be shown that n C is 
always & 7» therefore the equation remains in all cases 


Yours truly, 
C. Hotstz. 
21, Great St. Helens, London, April 21, 1880. 


PASSENGER FERRY STEAMERS. 
To THE EpIToR oF ENGINEERING. 

Srm,—On my return to town my attention has been 
called to a letter from Mr. Martin, of Flushing, which 
appeared in your journal of 9th inst. with reference toa 

: raph > a@ paper ——. by me tear er: 

utes wi peseeee mers on erry,” 
and in which I alluded to the last new steamers on the 
Rhine, and as this subject has also formed a matter for 
correspondence between the builders, Messrs. L. Smit and 
Zoon, of the Kinderdyk, and m » [feel it necessary in 
justice to all parties to trouble you with the following 


As regards the Freide and Humboldt no question has 
into any error in connexion 

e Kaiser, it has occurred, not from 
any desire to detraci from any credit that may be de- 
by any one in connexion with them, but from the 

fact that Mr. Hide, just prior to his leaving London for 


soluble. 





India, accom me to the Kinderdyk, on my going 
there to ly some of the details with the 
builders, and he to them a drawing which he had 


the previous year in conjunction with them, and 
which at that time at all events it had been p 
those two vessels should be built, and I now learn for the 
first time from Messrs. L. Smit and Zoon, under date of the 
14th inst., that they did not follow that design. : 

The original drawings of the sheer plan and elevation of 
these two vessels have in my possession for some time 
past, and are those from which the plate that is attached 
to my paper have been taken. 

Yours faithfully, 
27, Courtfield Gardens, South Ko agg oes 
April 20, 1880. 

THe TEMPLETON Famity.—We have pleasure 
acknow the ipt of the following sums 
buted for aid of the Templeton family, whose 
noticed last week: 


£ 
1 





in 
contri- 
case we 


d. 
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Mr. Inglis on oa os ae 
Draughtsmen at the Chief Engineer’s 
t of H.M. ey 

Portsmouth (per Mr. A. C. \ a 


0 
Mr. RB. H. Wood ibe pat hie 0 
A few friends at Messrs. PennandSons 5 


- 
ose 
ooo 




















AprIL 23, 1880.] 


ENGINEERING. 









NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
smaller attendance on "Change at Mid than 
usual, and business was in a t state. It was ascer- 
tained that Messrs. and Co., the warrant store- 
keepers of Glasgow and Middlesbrough, had reduced 
their stock on Teesside 3310 tons since the previous Tuesday, 
that Gay Se OO ten 5 ee ae ee 
Say. Ste fidling of ‘Ohange wns aaa Gequaminie aps 

ily. e feeling on’ was lepressing, 
aan was a general prediction that prices which had de- 
clined so rapidly during the past fortnight would recede 
still farther. No.3 Cleveland pig was 

ton. Merchants were most anxious 
that figure, but buyers were scarce. The depressing 
reports from America, the bearing operations, and the 
actual decline in quotations, have caused consumers to 
believe that the lowest point has not yet been reached by 
several shillings. In the mean time pig makers being fair] 
well sold forward, they are by no means anxious to boo! 
orders just now when there is such a panic amongs 
merchants. The productive power of Cleveland is now 
very large, and is being further increased. Of the 165 
blast furnaces in the district there are 110 in operation, 
aud preparations are being made for blowing in more 
furnaces. ers, however, confidently believe that a 
demand will spring up shortly in excess of the supply. 
. The Finished Iron Trade.—There is less activity in the 
finished iron trade, and prices in sympathy with the git 
trade are falling. Rails are ge 71., plates 72. 17s. 6d., 
angles 61. 17s. 6d., and bars 61. 15s. per ton at the works. 

Engineering and Shipbuilding.—In both these impor- 
tant branches of industry there is a good deal of work 
going on. At fhe various shipyards on the Tyne, Wear, 
and Tees there is a large number of fine vessels in various 
stages of construction. All the marine engine shops are 
busy and bridge builders have a fair amount of work on 
hand. There is, however, rather a lull in inquiries. 

The Cleveland Miners and the Sliding Scale.—The 
miners of Clevelund finding that the sliding scale for the 
regulation of their wages has not worked out to their 
advantage, they have resolved to seek an interview with 
their employers and discuss the question. The masters 
and men are to meet on Saturday. The idea of a strike is 
scouted by the men; they prefer now to arrange any 
differences they may have by reason and not brute force. 





Tue InstITUTION OF CrviL ENGInrERs.—The final 
series of the meetings of the students of the Institution for 
the present session will be held on the undermentioned dates 
for reading and discussing the po nag rage April 23, 
. ing Appliances,’ by Lindsay Burnet, Stud. Inst. 
C.E.; Sir John Coode, Member of Council, will preside. 
April 30, ‘‘ Description of a Light Draught Steel Paddle 


Steamer,’’ by John A tus Thom: , Stud. Inst. C.E.; 
Mr. E. A. Cowper, Member of ancil, will preside. 
May 7, ‘‘ Calais Harbour Improvements,”’ by Hans Ditler 


Fabricius, Stud. Inst. C.E.; Mr. Abernethy, Vice-Presi- 
dent, will preside. The chair will be taken at 7 o’clock on 
each evening. Attention has been directed to the follow- 
ing extract from the last annual report of the Council: 
“While giving every credit to the manifest desire of the 
students as a body to avail themselves of the supplemental 
meetings as a means of self-improvement, the Council wish 
to warn them of the danger o’ ing their communica- 
tions the vehicles either for mere notes of published matter 
or for the enunciation of crude opinions on difficult pro- 
blems. The topics most suitable to be treated by the stu- 
dents are, as has been frequently pointed out, descriptive 
accounts of executed works,” and a hope has been ex- 
pressed that during the recess, a sufficient number of suit- 
able papers will be received to enable the Council to ar- 
range a series of meetings “<a in the next session. The 
Council have accepted, on be of the students, an invita- 
tion from Mr. George Livesey, M. Inst. C.E., to inspect 
the South Metropolitan Gas Company’s Works, 589, Old 
Kent-road, London, S.E., where a concrete gasholder tank 
is now being constructed. The visit has mn arranged 
for Friday, April 30, at 3 p.m., at which hour the students 
have been requested to assemble at the works. 





Tue IRon AND Steet InstrTuTE.—The pocgreene of 
the annual general meeting of the Iron and Steel Institute 
has just been issued. The meeting is to take place on 
Welnisine the 5th and two avege | a of May 
ensuing, in the hall of the Institution of Civi ineers, 
25, Great George-street, Westminster, by the kind 

mission of the President and Council of that body. The 
pe to be read and discussed at this mee are as 
ollows : “‘On Hardening Steel: its Causes and Effects,” 
by Professor Richard Akerman, Stockholm. Adjourned 
discussion. ‘‘ On some Physical Changes occu in Iron 
and Steel at High Temperatures eed ‘aper),”’ 
by Mr. Thomas Wrightson, 1.C.E., F.G.8., &e. 
Stockton. ‘‘ Onthe Manufacture of Bessemer Steel and 
Ingot Iron from Phosphoric Pig,” by Mr. C. B. Holland, 
Sheffield. ‘‘ On the Dephosphorisation of Iron at the Horde 
Works, Germany,” by Mr. R. Pink, Westphalia. ‘On Re- 
actions in the Open-Hearth Process,” by Mr. Arthur Willis, 
F.C.S., Landore. ‘Onan Improved Method of utilising 
Bye-Products in the Manufacture of Coke,” by Henry 
Simon, Manchester. ‘‘On an Improved A tus for 
Analysing Blast Furnace and other Gases,” by Mr. J. E. 
Stead, Middlesbrough. ‘‘On the Spectroscopic Analysis 
of Iron and Steel,’’ by Mr. Alex. E. Tucker, ee: 
and Mr. John Parry, . “On Farther peri- 
ments to di ine the P e of Nit in Steel,” by 
Mr. Alfred H. Allen, Sheffield. “On the Resistance of 





. | the skin and stringer 


STEEL SHIP CONSTRUCTION. 
Steel in the Shipbuilding Yard.* 
By Witt1am Denny, Member of Council. 
I purposs, in the following paper, to state as shortly as 
possible some of t experience my firm have had in the use 
Of We re used steal during the SlocLede-running period 
e e- iod, and 
introduced it into some portions of paddle steamers we built 
for blockade-running purposes. The material as then made 
was far from satisfactory, and its behaviour did not encourage 
us to extend its use. 
In 1876 we made our first acquaintance with the mild steel 
now in use, when we built for the Irrawaddy Flotilla Com- 
pany a light-draught paddle steamer called the ing. All 
plates of this vessel were of Bessemer 
steel, the rivets of iron. We had perfect satisfaction 
in the working of this material, and the steamer after being 
put together in Rangoon fully evidenced the value of steel for 
vessels of her type. On one of her earliest trips she struck on 
a ape boar Pper Irrawaddy, but came off safe and sound, 
her plating heavily indented but unbroken. We were in- 
formed by the superintendent engineer of the pe the 
ve 


it | was of opinion that if she had been of iron she wou 


gone down under the circumstances. 
_ Since the building of the Taeping we have gone largely 
into the use of steel, and at present have little else in our 
yard, This paper covers the period following our building 
the Lease ag the steel now referred to is entirely of the 
Siemens- n description. We did notselect this kind of steel 
or specify it, but fell into the use of it from the fact that it was 
most frequently offered us, and that most of the steel works 
employed in producing shipbuilding i i 
principle. All the soa going 
now have been built of steel produced by the Steel Cympany 
of Scotland, while the steel for the light-draught steamers was 
made by the Steel Company, the Landore Company, and the 
Butterley Company. 
Of the steel supplied to us we have had very little reason to 
complain, indeed our only real of complaint has been 
the uncertainty of its delivery, a fault arising probably from 
the newness of the works, but none the less vexatious and 
serious. Unless the various steel works improve in this par- 
ticular they will seriously damage their own prospects, and a 
word of warning upon the point may not be amiss to them. 
In our latest contracts we have returned to iron for no other 
reason than our dread of seeing our yard a ye tbrough 
the bad deliveries of material. The method of testing adopted 
by Lloyd's has also greatly aggravated the effects ot the bad 
deliveries, and will be referred to further on. 
Regarding the behaviour of the steel in working, I cannot 
do better than quote from a letter we addressed to Mr. Way- 
mouth on the 28th of last month, in reply to an inquiry =e 
by him on behalf of Lloyd's Committee, for information upon 
this subject. In this my firm said: 
‘* With reference to failures in manipulation, we have very 
few cases to report, although we have kept a note of them. 
We divide these failures into failures of plates and failures of 
bars. The first failures of plates we noticed were in the case of 
four of the flanged plates forming the bilge keels of No. 224. 
These four plates, after they were screwed up, developed 
small cracks through some of the rivet holes, piercing the 
flanges attaching the plates to the ship’s bilge. We dis- 
covered that these cracks were due to our woah 
finished the plates at a black heat. We removed them, cut 
out the defective portions, welded in fresh 
the plates as a whole and replaced them. In No, 226, which 
had a plate keel, the aftermost length, which was bent to the 
form of the keel of the stern frame, developed a small split in 
the extreme end. The length of plate permitted the split 
portion to be cut off. The otherwise was found perfectly 
and was used in the steamer. - One of the flat keel 
plates of this steamer, after being finished, was heated to a 
cherry red and laid down for cooling ; while cooling it bent 
up in the middle, and was hammered down from the top side. 
Oa being examined, a fracture was found on,the underside 
about 6 in. from the end, and the plate was rejected. Tiese 
are all the failures we have to report in our working of steel 
plates, and without exception they can, as you will notice, be 
readily traced to the working of the material ata hlack heat. 
a This is the really unsafe thing to do with stecl, and our 
foremen and men have now received instructions that it is 
not to be attempted, and that if a piece cannot be finished at a 
red heat it must be completely reheated or finished cold. 
“In bars we have to report no failures in the working of 





Results of Experiments on Twelve similar Spect 


ry work, where we have short pieces of 
shaped us— 





portion of the boss shape. 
workmen laying this 


&& 
» 


Fig. 7. 





one or two cases of the outer edge of the flange tearin, 
slightly while being cressed at a red heat, but no case o 
breaki 


ng. 

“We think that, the failures above noted are 
all that we have to report out of a consumption of about 
7000 tons of steel, they are very far from being of serious 
moment. We can point to no similar experi in the use 
of iron; indeed, in a small steamer we i 
of that material, we have had to reject u 
manipulation more plates than the total number of failures 
now reported to you. We may remark that the 6 in. by 3 in. 
frames, which we are in steel for Nos. 237, 238, and 
239, have not as yet prod a single failure or crack. Iron 
frames of similar dimensions ina steamer we b 
ago, manufactured by one of the best Scotch 
a very considerable amount of trouble from cracking on the 
inner edge of the 7 Sa in rivetting them round the 
bilge. We believe, if a record were kept of the be- 
haviour of ordinary shipbuilding iron under manipulation 
as compared with the behaviour of steel under manipu- 
lation, many people would be surprised to find the 
completely turned in the matter of unreliability, and that 
enormously to the disadvantage of iron. e had the 
P inging under your notice some time ago @ good 
illustration of this, in the behaviour of the pieces of our light- 
draught steamers under shipment, comparing those built 
of iron with those built of steel.” 

The letter referred to in the last part of the foregoing 
quotation described the behaviour under shipment of the 
pieces of light-draught steamers built of steel, as er 
with that of pieces of similar st-amers built of iron. We had 
before 1878 built a considerable number of these vessels in 
iron, They were put in the yard and then shipped 
w in lighters, from which they were transhipped 
on steamers going to the East. During this shipment 
and transhipment we were invariably annoyed more or less 
by corners of plates coming off, angle-irons cracking, floors 


, and such little mishaps, Last year we built and 
shipped six steel steamers of various sizes, varying 


paddle 
from 250 ft. to 80 ft. long, without losing anything by break- 
Shesesende onoenel of ra ented viverted, 


“ 


with the unreliability of iron than this. 
experience leads us to reverse the ideas largely held regard- 
ing steel and iron, and to look with confidence on the steel, 
and doubt onthe iron. Our foremen and workmen hold this 
view of the matter very strongly, and speak most contemptu- 
ously of going back to iron. ir confidence in the power 
of steel to do everything and stand everything, ary pe | 
working at a black heat, is of the firmest nature, and it wi 
be acknowledged such confidence cannot be causeless. 

In addition to the regular testing carried out by us for 
Lloyd’s, and also for the light-draught work we generally 
have in hand, we have made some experimental teste, a few 
of which I wish to bring under your notice, and in doing so 
I must a the very considerable assistance and 
valuable advice afforded us by Mr. William John, also the 
readiness with which Mr. Mumford, our local Lloyd’s sur- 
veyor, entered into these experiments, and the desire shown 
by him to take interest and give assistance in all test experi- 
ments, even over and above his regular duties. 

Among the earliest experiments made by us was a ceries of 
tests intended to find out whether rapidity in breaking the 
pieces under under tensile strain affected their results dis- 
advantageously. The inquiry was forced upon us by objec- 
tions taken to rapid testing, aud its results very much sur- 
prised us. They are shown in Tables 1. andII. The time 


Tague I.—Time Txsts. 
ns, cut from the same Hard Sleel Plate, to ascertain the Effects 
of applying the Load quickly and gradually. 

































































Dimen- Elongation on Eight 
sions, | Stee. | Bretking Strains. as 
— Marks. Time. 
| 
juare Per Square | mart 
Inches, Sa hes, | Actual. aos Inches, | Per Cent, Position of 
SERIES Fa: - —-- —— Samples 
No. tons tons min. sec. in 
Load applied quickly) 1 | 1.69 by .225|) .380 | 15.46 40.6 98 12,2 2 10 Plate 
| Tippogs pata 1.69 by .225| .380 16.35 40.3 .86 10,7 1 1 - 
Ditto ... 3 1,69 by .225| .380 15.35 40.3 1.04 13.0 0 59 
Ditto .., 4 1.69 by .225| .880 15.40 40.5 74 9.2 0 5 
Ditto . 5 1.69 by .225| .880 15.57 40.9 1,16 14.5 2 15 |j\l |2 |3 |4 [5 |6 
Ditto . 6 1.69 by .225| .380 15.66 41.2 98 12.2 1 20 
4 | ae caeslsgs seciiibanisaabaiiicen anata at <itne Se 
Means . 40.63 ‘ 11.96 | 1 30 —|—|—} -]—|— 
1*/2*/34/4*/5*/6* 
Load applied slowly; 1* 1.69 by .225| .380 15.04 39.5 88 11,0 12 27 
Ditto ... ooo * 2¢ 1.69 by .225| .380 15.83 40.3 87 10.8 12 9 
titto ... 8* | 1.69 by .225| .380 15,13 39.8 85 10.6 1k 660 |) ————— 
Ditto... 4* |1.69 by .225| .380 15.08 39.6 15 9.3 10 50 
Ditto .., 5* | 1.69 by 225) .380 15.04 89.5 1.02 12.7 ll 50 
Ditto ... 6* | 1.69 by .225| 880 |, 15.44 00.5 1.16 145 ll 48 
Means ... 86 4 11.48 ll 50 




















Steel Rails at naturally and artificially lowered Tempera- 
tures,’’ communicated A bythe Hon. D. Jowraffsky, Minister 
of Public Works, St. burg. 


* Paper read beforg the Institution of Naval Architects, 
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330 ENGINEERING. 
Tass II. 
Results of Experiments on Sia similar Samples cut from the same Steel Plates. Tested at different Speeds. 
Dimensions.| Area, Breaking Strain. tion 
Elongation 
— Marks. "on Hight Hlongstion | Time. 
Inches. Square Inches. Actual. |PerSquare Inch. 
No. ss a yy 
ee 1 1.62 by .60 810 23,30 28.7 2.08 | 25,3 
Fast oe 4 L.61 by .50 805 23.83 29.6 1.75 21.8 1 46 
Means 29.15 ods 23.55 1 30 
Medi 2 1.614 by 495 .798 22.81 28.5 1.87 23.4 3 54 
Median 5 1.615 4 50 807 28.25 28.8 1.90 237 5 32 
Means 28.65 23.55 4 43 
OO ass 3 1,608 by .50 804 22.90 28.4 1.82 22.7 13 47 
Slow b> oli 6 161 by 50 805 23.70 29.4 1.82 22.7 12 35 
Means 28.9 22.7 13 11 






























































Results of Experiments on Eight Specimens, cut from the same Hard Steel Plate, to ascertain the Effect of Annealing. 


Tasie IIL—ANNEALING EXPERIMENTS. 






































| i 
Elongation on 
Dimensions.| Area. | Breaking apes) Eight Inches. | 
— Marks.; 
uare | Per Sq. Per “de : 
Inches. fee Actual. ay | Emches. | cent. | Position of Samples in Plate. 
No. | tons. | tons. | E | Boi | 
Unannealed 2 L71 by .25 | 427 14.16 | 331 | 1.87 | 17.1 | |No,1.|No, 2./No, 3.|No. 4.|No. 5. |No. 6. |No. 7. No, 8 
Ditto ah’ 1.71 by .25 | 427 14.06 | 329 | 135 | 168 | | 
Ditto 6 L.71 by .26 | .427 1406 | 92.9 | 187 | 171 | g lg ig | ¢ 
Ditto 8 | Lil by .25 | .427 14.12 | 383.0 125 | 15.6 3 | ¥ 4 | 3 
“Means 82.97 16.65 E | 8 | § 5 | 
| | } ! 
Annealed ... 1 1.71 by .25 | .427 12.11 | 283 | 208 | 260 || u | 
Ditto “a 3 1.71 by .25 | 427 12.32 | 288 197 | 246 | 
Ditto 5 | L7lby.25 | .427 12.29 | 28.7 1.75 | 218 | 
Ditto 7 L71 by .25 | 427 1212 | 28,3 | 193 | 241 | 
— 
|Means... 28.52 14.12 

















Duplicate samples of above were bent cold, to a curve with a diameter equal to the thickness of the plate. All showed cracks 
without any perceptible difference between the annealed and unannealed samples, 


TaBLe IV.—ANNEALING EXPERIMENTS. 
Results of Experiments on Eight Specimens, cut from the same Soft Steel Plate, to ascertain the Effect of Annealing. 

















Elongation on 
Dimensions.| Area. | Breaking Strain, Eight Inches. 
— Marks. ae eas 
Square | Per Sq. Per 
Inches. | Inches. Actual. Inch. Inches. Cent. 
| No. tons. tons. 
Unannealed| 2  |1.663 by .287) .304 10.60 | 26.9 1.90 | 23.7 
Ditto ove 4 1,675 by .240| .402 10.60 | 26.3 1.77 | 22.1 
tto -l 6 1.680 by 241) .404 10.82 | 26,7 1.94 | 24.2 
Ditto vee 8 /1,680 by 241) 404 10,71 26.5 2.19 | 27.3 
Sanaiaiidedia = emcee 
| Means...| 26.60 | | 24.39 
| — 
Annealed ..., 1  |1690 by .234| 995 9.39 | 237 | 232 | 290 
Ditto o 3 | 1.650 by .240)  .396 948 | 28.9 2.52 | 315 
Ditto eee 5 1,660 by .240| .400 9.79 44 2.31 28.8 
Ditto ~ 7 1.656 by .242) .400 9.70 24.2 2.42 30.2 
Means...| 24.06 29,87 


























Position of Samples in Plate. 





No. 1.|No. 2.'No. 3.|No. 4.'No. ae 6,|No. 
| 
| 


L 


Annealed 
Annealed 
Annealed 


7..No. 8. 











Duplicate samples of above were folded close cold, Nos. 2 and 4 (unannealed) and Nos. 1 and 3 (annealed) having been previously 
tomperes by heating to redness and cooling in water at 82 deg. Fahr, All the samples stood the test except Nos. 4and 8, both of 
w . 


showed c' 


Taste V.—ANNEALING EXPERIMENTS. 
Resulis of Experiments on Eight Specimens, cut from the same Steel Plate, to ascertain the Effect of Annealing. 
(Four Samples were annealed and four unannealed.) 




































































Dimensions.| Area. Lottie Strain, | Fyongation ou 
-— Marks. | 
| 
3 Per Sq. | We 
Inches. | juches. | Actual. | Tach” Inches. |ognt. Positions of Samples in Plate. 
No. een 8 
Unannesied| 2” |1.486 by 625] .790 | 2249 | gus | 2.03 | 5.3 ||No 1.No. 21No. 3\No. 4.|No. 5..No. 6,|No. 7.'No. 8. 
tto . 4 1.490 by .624| .780 22.36 | 28.6 2.05 |25.6 || | 
Ditto 6 1.500 by 527) .790 32.63 28.6 2.06 25.7 || | 3 | €& & . . 
Ditto 8 {1.610 by 590] 800 | 22.587] 282 1.90 } 23.7 : = | 3 | 2 
oer ae | = 
Means,..| 28.55 25.07 | i | 5 | | @ 
- < | < 
Annealed 1 1.480 by 525) .777 | 2098) 270 _ 22 fare |)! tt} aentiomnonliialies 
Ditto 3 = 1.486 by 625) .780 | 2124] 27.2 | 213 | 266 | 
Ditto 5 = {1.490 by 631) | -791 120 | 268 | 206 | 25.7 | 
Ditio 7 }1.500 by 627) 790 | O190 | 268 | 299 | 27.7 
|Medna...| 20.05, 26.90 
was taken by a chronograph started whenever the lever of per cent. extension. The second series, broken in an ~~ 
ib tating machine fated and when the piece broke. | time of eleven minutes fifty seconds, show a mean tens’ 
Table I. the results afforded a plate of hard nature. strength of 39.86 tons and 11.48 per cent. of extension. The 
=p enti daha ae difference is hardly worthy of mention. 
er ane halt of them being tested ao y as possible, and | In Tabje II. a similar set of experiments are shown carried 
other half slowly. You will notice that the first series, out on a mild plate, and at three different rates of speed 
broken in an a time of about a minute and a half, Practically no difference is shown in the results. Both sets 
show an average of 4(.63 tons of tensile strength, and 11.96 | of i hint i 
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In the first series of the first Nos. 8 and 4 
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. A similar 
set of experiments is shown carried out in Table V., upon a 
}-in. plate of mild nature. The decrease in tensile strength 
shown here is not more than 5.6 per cent., and the increase 
in percentage of extension does not exceed 7.3 per cent., the 

i ing evidently less powerful for change in thick 
than in thin plates. However this may be, there are apparently 


two lessons to be learnt from the f experiments, and 
oaks oe et et ee ee gle yA ory 
imits of strength by simple annealing, an soft plates 
may be injuriously reduced by the process. This latter is: a 
matter of serious moment, especially when we are, as now, 

If plates of 29 


dealing with steel of light tensile ~~ 
tons average h are to be annealed, and thereby reduced 
to 26 tons, it is evident we shall end in working with a 
material in many parts of a ship of less strength than assumed 
in our calculations. On this account my firm have preferred 
the practice of rimelling punched holes, where such was re- 
quired, to annealing plates. ‘Che rimelling removes 
any bad effects of punching, and without lowering the ral 
strength of the plate, which the annealing unquestionably does. 

In connexion with this matter of annealing, there very 
early arose a point with regard to the beam-knees of the 
steamers we were building, as to whether we should not 
anneal after finishing them. These beam-knees are split and 
welded in several heats, and Lloyd’s authorities expressed 
some doubt as to whether it would be prudent to pass them 
without annealing as a whole. For a considerable time, 
therefore, we were in the habit of annealing the beam ends, 
but latterly we have not done so, and have had no cause to 
regret the change. Before making it we carried out a series 
of experiments on welded beam-knees, both of the common 
bulb and Butterley sections. Some were annealed entirely, 
some ann in the knees only, and some unannealed. 
They were all subjected to a similar and very rough treat- 
ment, the knees being bent round flat on the beam, and the 
end of the knee doubled in upon it. No difference could 
be di between the behaviour of the different speci- 
mens; if anything, the completely unannealed beams having 
rather the best of it. 

In Mr. Martell’s paper on Steel for ams he men- 
tioned some successful attempts made b . A. C. Kirk to 
Sey f the scrap of mild steel into forgings. Mr. Kirk 
os believe, since that time continued to push this matter, 

= peg mapped eee T Following him, we have 
gone in for scrap-steel forgi ur practice com- 
menced making the stems of the sea-going steel 
steamers we built of scrap steel. At the same time we 
made the stems, stern-posts, and rudders of all our light- 
draught steamers of the’ same material; and as success 
followed each fresh attempt we pushed further on, till now 
all three of the sea-going steel steamers we have on the 
stocks are to have all their forgi stems, stern frames, 
and rudders of the same material. We have now in — 
one of these stern frames weighing 9 tons. Before, how- 
ever, going this length, we thought it prudent to carry out 
some experiments upon the material, comparing it with 
ordi iron scrap orgings. The results are before you, 
in Tables VI. and VII. For the purposes of comparison 
two blooms were fo out of common scrap iron, and 
two out of scrap steel, and both worked down under the 
hammer into flat slabs resembling plates about # in. thick. 
From each of these, three pieces were cut for tensile tests 


tensile tests the scrap steel shows a mean tensile strength 
of 23.8 tons, and a mean extension of 19.5 per cent. against 
20.6 tons, and 14.9 per cent. of extension in the iron plates, 
a decided gain, although not so decided as the difference be- 
tween an original steel and iron plate. The individual tests 
also agree better together in the steel than in the iron scrap 

ings. Under deflection we have, at 5000 lb. strain, the 
iron with a mean deflection of fully 50 per cent. more than 
the steel, and at 8000 lb. with about one-third more. These 
int to the considerable superiority of forgings 
scrap over those made from iron scrap. Our 

no failures in the manipulation of the 
men complain that it is tougher to work, 
this we have no complaint, and we have not as 
raject any of the fi or to find fault with 
steamer we lately b iit for New Zealand, having 
f 1600 indicated horse , had both piston rods 
steel. They worked most satisfactorily, and the ship 
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TABLE VI.—Rezsvuits oF EXPERIMENTS TO ASCERTAIN THE TENSILE STRENGTH AND DoucTILiTy or SPECIMENS CUT FROM TWO FORGED IRON PLATES. 


































































































Dimensions. Area. Breaking Strains. cage ee Eight 
ks. pm 5 
Mar! Positions of Samples in Plates. 
Square Per Square - 
Inches. | Inches. | Actual. nok Inches. | PerOcnt. FLA. | FLA. | FLA PLB | RLB. | FB. 
cond 1 2 3 7 1 2 3 
FILB.1 [1.00 by.795| _ .795 17.09 21.4 1.28 16.0 FLA. FLA. F.LB. F.LB.* 
F.LB.2 | .99 by.795| .787 17.45 22.1 1.53 19.14 | 
F.LA. 3 |1.00 by.780| 780 15,26 19.5 .80 10.0 
F.LB.3 [1.00 by.800| .800 17.45 21.8 1,58 19.7 | 
FILA. 1 | 985 by.770| .758 15.75 20.7 1.17 146 
FLA. 2 | .970 by.780| 756 13,88 183 70 8.7 
Means pe Y 20.63 14.9 
Deflection Experiments on Specimens cut from the same Plates as above Samples. 
(Distance apart of bearing centres 18 in.). 
Marks ane Strain in pounds | 2000 3000 4000 5000 6000 7000 8000 .| 8800 
men. —S | 
F.LA.  |4.95in. by.78im|Setininches .. _... 08 06 09 BT .38 11 2.1 Still 
Permanent set in inches | as pe cin None 25 92 19 deflecting 
F.1.A.* [4.95 in, by .73 in-|Strain in pounds | 2000 3000 4000 5000 6000 7000 8000 8600 
Setininches ...  ... q 03 .06 10 20 70 1.67 8.1 Still Fug.2 
Permanent set in inches s+} a ooo None 07 59 1.49 2.9 deflecting j antes 
F.LB. 4.96 in, by .79 in.|Strain in pounds 2000 3000 4000 5000 6000 7000 8008 9000 pt 
Set ininehes ... - ... 03 —| «OS 09 4 40 98 1.88 Stil | | ae 
Permanent set in inches v“ None 01 04 29 85 1,70 deflecting 7.6 
F.LB.* {4.96 in. by .80 in.|Strain in pounds 3000 3000 4000 | 5000 | 6000 7000 8000 ‘9000 9800 
Setininches ..._ ... 0 | 08 rl 16 23 “4 1.05 2.07 Still 
Permanent set in inches ose None 01 02 ll 28 88 1.88 deflecting 
Mean set an GS: 035 0625 | .0975 1525 4275 | 1.0475 | 2.0825 
Mean permanent set... . eco 010 0325 810 885 1.845 "7 
































TABLE VII.—Resvutts oF EXPERIMENTS TO ASCERTAIN THE TENSILE STRENGTH AND DucTILITY OF SPECIMENS CUT FROM TWO FORGED STEEL PLATES. 















































































































































Dimensions.| Area. Breaking Strain. es an Bape 
Marks, aed 
Position of Samples in Plates. 
Square Per Square ona 
Tmcher. | Inches. - [Pinch | Inches. | Per Cent FSB | FSB,| FSB. FSA. | FSA. | FSA. 
tons. tons. 1 | 2 3 1 2 3 
FS.B1 | 1.09dy.82| .893 20.98 23.4 1.27 15.8 Imperfectly welded.|| F.S.B. F.8.B.* || F.8.A, FSA! 
FS.B.2 | 111 by .82]| .910 21.15 23.2 1,06 13.2 ‘ 2 
F.SB.3 | 1.02 by .81| °.826 19.90 24.0 1.90 23.7 
F.S.A.1 | 101 by.80| .808 19.87 23.9 1.75 21.8 
FS.A.2 | 1.14by.80] .912 22.82 24.4 1.60 20.0 
F.S.A.3 | 1.06by.80| .848 20.40 24.0 1.80 22.5 
Means 23.81 19.5 
Deflection Experiments on Specimens cut from the same Plates as above Samples. 
(Distance apart of bearing centres, 18 in.) 
Marks, - Size of Strain in pounds 2000 3000 4000 5000 6000 7000 8000 9000 10,000 10,400 
FSA, | Sin by .775in. |Setininches ... __.. None 08 ry 09 23 92 1.64 2.45 3.84 Still 
Permanent set in inches ove 01 01 02 12 -78 1.53 2.87 3.74 deflecting | 
F.S.A.* |4.93 in. by .78 in.|Strain in pounds 2000 3000 4000 5000 6000 7000 8000 9000 9400 
ininches ... ods by 7 Q Z Still ? 
ee ese a a eee o ss : iso ae deflecting Fug: 3. | 
FSB. |4.9in, by .78 in, |Strain in pounds. 2000 3000 4000 | 5000 | 6000 7000 8000 9000 9020 
Setininches ...  ... o | 06 | 20 aT 20 16 1.64 3.22 Still | 
Permanent set in inches as None Ol 04 10 60 1.56 3.07 | deflecting } . 
F.8.B.* /4.93 in. by .78 in.|Strain in pounds 2000 3000 4000 5000 6000 7000 8000 9000 9600 ' 
Setininches .. ... None 04 07 10 “ |COSO 13 2.2 Still 
Permanent set in inches deh ie oa None 02 .36 111 1.98 deflecting 
Hyogo , . pf 2.6525 
Sean permancanent 2 oe | roo | coaoo | ‘beso | ‘p700 | 1a070 | 3.8180 
Tue Cowrzr Hor Buiast Stoves.—We understand | the meeting ence of the litical situation | 30 minutes between W: and New York. The hull 
that mang iroumasters are mow improving their plas, | arising froma the receah elections, and the & petten | cl teen, dowbis-enhch, te tiie winds and tra ae 
with the view of in +, and securing the | existed, that no time should be lost in impressing the views folleving. ‘dimensions Length between perpendiculars, 
greatest economy in fuel, both in this and a ; of the ratepa; on the new Government. He condemned | 311 ft. ; —~ whe ; breadth of » moulded 
the Edgar Thomson furnace at Pitts , U.S., with Mr. Cross’s Bill in some respects, but thought that it had 36 ft. Sin. ; over all, ft. ; depth from base line to top of 
Cowper stoves is, we hear, 600 | many advantages. There were two ways of dealing with | deck beams in the centre, 13ft. 3in. The main deck will 
tons per week, and is using only 20 ewt. of coal per ton of etors—one a perpen dove in conk, hee beyiabel, from ond to end, with heovy white pine plank, 
iron made. Staffordshire two furnaces are being blown mortgaging the profits of the trust. This latter | upon which cross-ties will be placed, iron rails laid for 
with two Cowper stoves and producing 465 tons a week, had been chosen by Mr. Cross. A lengthened | five » Bil track room for the tion of a 
with a saving of coke of between 7 cwt. and 8 cwt. per ton of | disenssion took place, which was ended, however, by an | full train of passenger, or 27 freight cars machinery 
iron made, and in many other ironmasters are now | adjournment to April 30th, in order to get the new Leadon | and interior work will be put in as os oe, Be 
taking advantage of these stoves for increasing their make | borough and the county members to attend and express present intention baie te. yet the into service about 
and economising coke. amangst others the Tredegar Com- their views on the subject. end of this month. The machinery will consist of two 
pany, C. H. Plevius, James Bain and Co., the West Yerk- inhopetiont betkeat condensing , with 36 in, 
shire Company, Sir W. G. Armstrong, &c. ees bar adi pee roel gunwales of the 
A Monsrzr Furry Boat.—A new ferry boat, the Canton, | boat. Each Vy. will oF og tielper 254 ft. in 
Lonpon Water Surriy.—On Friday last, a meeting boilt by the Harlen and Hollingeworth Company, bas boon diameter, and 8ft. face. There be two boilers on the 
of delegates from Melvepeliien Totnes and District | launched at their at gton, Delaware. The} guards, on sides of the paddle-boxes from the en- 
Boards, was held at St. ’s Vestry Hall, to consider | boat is owned by the Baltimore and Ohio, and the | ginos. ph 8, Bere 8ft.in diameter, 
the Metropolitan Water Works Purchase Bill, also to advise Philadelphia, , and Baltimore Railroad Com- | and 9 ft. across the front. The have about 50 square 
as to what steps should be taken in reference to the | panies, and it is to be used to transport the cars of those —.. and 1300 square feet of surface. 
qovaties the further sitting of Parliament. Mr. | roads across the harbour of Baltimore, from Locust Point are for a working pressure of 60 lb. of 
J. Wi , the chairman, stated that he had called | to Canton and return, thus effecting a saving of from 25 to} steam. 
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PRICH LIST OF MATHRIALS. 


METALS | non, WaoveHt - £ 8. £ 8 | Steen OasTines—continued 2. a os. 
7 | Qleveland angles... ce Ue Side cranks, cross heads, 
£&ea £ 8% | bars .... 7° a a crane wheels, engine 
ANTIMONY ORE (per ton)— o o -e = 15 5 0 GEE, ceccenucdees 6: OOD 
Rogulus(star) ............. Se EF. $2 9 10 Tumbler bars and other 
Baass (per lb.) — . ae 4 | 7 to 7 15 castings for dredging 
3 o 8 | 8 © 8 7 PUFPOSSS............00ce000002 90 26 
7 o 7 | owe 698 Swepisa Iron (F.o.b) at 
Ca 9 7m Gottenburg (per ton) - s £ 8. 
at. | Ph et ee ° 10 
8. Ge 7 
am 6 7 .*¢ Bar rolled .. °o 6%66C(C 
: Bhd ie » hammered 3 0 wo 
7 3 Cte 8 o to 10 T 
28 5s = 10 0 tro {N (per ton) — 
hoops. 8 te 9 0° Straits. ...cciceecccesesereeesees 8r to 82 o 
” 
ao 6 & @ Welsh rails 8. W..... 7 $ #7 0 Bill o; os 
- 7 oo 7 © oo BORD cn cacseccense 7 § 8 © ° — : 
5 He ° 7 © »  boller plates,S.W. 9 o tr o ° ? 
72 0 m™ oo | » hoops, S.W.......... 9 0° to @o M 4 > 
74 2 #75 © | LSAD (per ton)— to «682 «(Oo 
7 20° 80 © Soft ee, » pacer 6 15 17 «Oo a a 
ee & w @ ee ae ee. > be a 
od hematite, blast 23 4 25 Oo «. 26 to 15 12 . a 
” ” pudding 8 o 20 o we «mm FS =e er 
180N Pi (per ton) — GER, Gp (eh cnssecscccccsesce 32 © 34 0 
Barrow No.1 ...cc00.0+ e se (POF COM) .....0cceseereereesee 116 o 123 @ ZINC (per ton)— £ 8 zs 
» : snes : ° os o | QUIoKSILVER (per bottle) 6 12 6 13 hy cng be _ : 
Cleveland No. 1 | © st 0 jaa the BA sconconesnee 7. eo @w « »» Telegraph (galvanised) 22 0 26 0 
- yy Peri. = 
e " 4 Gorge) , . 1 - esian, ordinary ........ a2 0 @ 5 COALS AND COKE. 
Foun a ma 42 «0 Sypeeenees (person) — Ooans <per ton)— oe wk a @ 
Welsh (South Wales)...... 35 0 8 o On eccccerecsecsecscescccsescecssn 6D ° ° a 10 0 4 (0 
pe (North Wales) ~ 2 @ 80 Oo MBTROD, ...ccrcescessersersesee GO @ °hU8f B Waa 9 0° 11 ° 
STEEL (per ton)— Derbyshire. 8 o zr 0 
Scotch ie ao > BEOIE ccrcoosescaspecconserce BG © $0 © Lancashire co 
G.m.d., at Glasgow 33 0 st “ ” a shear .......+. 45 0 65 © Bowsasts end Durham... 8 6 14 0 
Nes aheiapening - ve SIMZlO 44 sevesnneree 32D = $0 | BCOREB..........0c0recrvnersnneeee a oo 
—....... 5 ¢ 8s | pons: 14 0 a2 0 | Staffordshire $6 x 6 
Summerlee ....cc.ceecesseee s7 6 53 6 Blister ...... Se f¢- oe elsh ...... 9 6 m2 0 
“ 37 6 s§7 @ Milan 38 to 430 «0 Yorkshire 9 0 % 0 
37 6 ie Bessemer rai ro 10 tr ro OKE— 
- 6lee » «byes ... %4 9 14 10 Cleveland ey ee 
y os §3 6 st ° , ae 14 ° ™ to Durham eee 20 «8 22 ° 
e jets . tt o 2 06 
py a plates... 13 1 & 8 | OILS, GREASE, & LUBRICATORS, 
Glengarnock, at Ar- »n —- Sngies .. 12 10 ° 0 OILS (per tun) — 2e:- &@ «& 
CGS Pa s7 6 s4 6 nw _ ingots .. ve to ° 0 Engelbert's lubricator ... 44 2 00 0 
Eglinton, ditto....... $4.0 5st 6 Sree. CASTINGS (per cwt.) — Seal, Drow ........00e-eee0e 23 0 28 0 
s¢. 0 «86st 6 Hydraulic cylinders in « © sscsesescccorceseeece 28 o 32 0 
© a 55 0 52 6 the rough not to ex- SPOPM .....0.ce.cerceccercerseres 52 6 56 o 
Ditto, specially selected 57 6 _ coed 6 ft. im length, s. d. «#. 4. hale, pale .........se-se00« 93 0 285 © 
Shotts, at Tememcnes SP 6 sz 6 Do "mo 26 0 28 o nerd yello 22 o 24 © 
dali hlealonesid . do. finis ntereeretseeree 30 @ 34 «0 is) Serres ? o 2 98 
(eGoveeiem guide) Pinions and cog-wheels... 25 o 28 o GLUB .......rer00-00 3° 0 5§° © 
a. & a & Hammer tups, faces, PETROLEUM— . @& we °@& 
Shropshire, ..........seeeseeee ss 8s ° ewages, s cwt. and Fine (per gallon)........»..+ o 6 o 66} 
erth Staffordshire ...... ss o 38 GIO ccentgnececeveaveqcomes o 8% 9 
South «sn; neewnsens 72 © 8s; o Holders-up for rivetting CoaLoll, refined ............... 6% o 6 
Yorkshire Thornaby pig machines, £¢., 1} to § BaN@oow engine oll Gi: p88 
N eprtenceeet.e . oe 72 3° CBE. .cccccccrecercccccccercorse OS © 26 (0 LINSEED Oil .......00s00sc0+s000 9 27:~«(0 
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(ec cee ccces 39 «© 6 
Wiroigs, engine (percwt.) 20 o = ° 
CHEMICALS, &e, 
ACIDE— os ind 8. d. 8. 4d, 
f (per Ib.) e @ ec e 
Sulphuric acid (per Ib.) -o b- ° fr 
Sulphuric acid, brown...... ° of o of 
AMMONIA —Muriate (per £ 5. £ as. 
COM) ncorscsccescccssccrscrsoresees 35 0° 40 «0 
ABSENIO— s. d. ae. 4. 
White,lamp(perewt.)... 24 oOo 25 o 
Powdered (per cwt.) ...... 8 6 to «66 
BLEACHING powder percwt. 12 o 3 «0 
Borax—refined (per cwt.) 35 o ~~ 
BRIMSTONE (per ton)— & 8. 2s 
OOO ree cee seseeecceces ees 5 2 5 tro 
WUE? cicsginanasncens 88° @ tS 20 
Roll 9 to to 10 
COPPBRAS—TCON ......00. 50 9 65 © 
CorppeR— Sulphate (per 8. d. 38. d. 
WWE) ctonccsemnenciscionn SS 6 98 © 
LEADS, SALTS, &c., (per ewt.) 
Acetate, DEBE  ...ceove.seeee 37. «0 38 Oo 
BEOWR 99-_. eoncevee-ccoree-- 88 0 26 0o 
TIOG sccccqpesetcenccagenspccsese 24 © 8 «© 
HRECO  cccccccsccssnces cosseces 30 0 22 0 
LITHARGE (per cwt.,) ........ 7% 0 24 oO 
PoTasH—Bichromate (per 
TEND snsabscabecsosnessctscasecs o (4 s 0° 
SALTPETRE (per cwt.) 
English refined, kegs ... 24 © 26 o 
Bombay........0+s eocnccocesees eo «(Co eco Oo 
ip eee - 6 24 o 
SODA Caustic ....ccrcocsccsoces 12 6 16 o 
», Orystals per tom)... £3 rs £4 10 





FOREIGN AND COLONIAL NOTES. 

New Zealand Coal.— Anexamination has been made of the 
coal beds of the Mokan district by Dr. Hector, who reports 
that the coal formation there is of considerable extent, the 
outcrops having a width of two miles, and stretching from 
Kawhia Harbour towards the upper part of the Wanganui 
river. The coal seams cropping out of the Mokau river 
vary from 2ft. to 6 ft. in thickness, and the quality is ex- 
cellent for pram perpen, 1} tons of Mokau coal having 
been proved by Dr. Hector’s trials to do as much as two 
tons of the best Waikato coal. In connexion with a district 


of brown hematite has been discovered by the geological 
surveyors at Mount Peel, in the provincial district of 
Nelson. It is 50 ft. wide, and has been traced for a distance 
i he coal measures of the Otokomairo 





of the new branch limes. Of the 365 miles from Chicago-to 
Cairo, 315 miles to com- 
plete the whole . The 
company has 543 of 

American North Chicago 
Rolling Mill of their 
works unequal wee 
bo wr sstathiah 
cluding 75 acres new inh- 
proegh dep idinwn ; sean sted 
ot cnn vel tet tea "90,000 tons of rails 
about 100,000 tons of Bessemer ateel in a year. 
Australian extent of 

in the various A seeiantitenre aan 
New South Wales, 733 miles ; Victoria, 1052 miles ; South 








Australia, 454 miles ; Queensland, 428 miles; Tasmania, 
172 miles; and Western Australia, 48 miles. In New 
Zealand, 1089 miles were open for traffic. The total extent 
of railway in working in the group was thus 3977 miles. 


The St. Gothard Tunnel.—It in erparind that the per- 
forating machinery no longer required for the St. Gothard 
tunnel will be purchased for the Artberg tunnel. 

Rolling Stock in Italy.—Works have been reorganised 
at Savighiano, Italy, for the manufacture of railway plant. 
The works have already obtained an order for 25 car- 
riages, 20 vans, and 100 covered trucks for the Upper Italy 


The French Coal Trade.—The demand for industrial 
coal continues good in the Nord and the Pas-de-Calais. 
Prices are ing upwards. 

American Steel Making.—A meeting of the merchant 
steel manufacturers of the United States was held recently 
at the Astor House, New York. It was deemed injudicious 
to make other than slight advances on the present card, 
and that only on a portion of the list. It was generall 
Sy the exireardiniy afvence tu.Gas cost of Ge 

e i vance in cost raw ma- 
terials used in the manufacture, but it was ht ad- 
—. that yn | should 

narrow margin profit. 
foreign competition has not yet lost its hope of recovering 
its former motion and prominence, as the circular of a 
leading English issued to the trade states that the 
time has arrived to take advantage of the condition of the 
American market. 
Brazilian Railways.—An Italian mentions 
Antonio Terucci has started for’ Brasil to survey 
construct a railway on the metre gauge and 60 miles 
long, from Parangua to Curitiba. 
j rail- 
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has been inted, and divided into f 
The first under the 
statistical and economical 
M. Duponchel is devoted to technical studies 
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THE SPITZBERG TUNNEL. 


Untit the year 1874 only one line of railway had 
been constructed in the Béhmerwald to cross the 
watershed between the two longest rivers in central 
Europe—the Danube and Elbe. This railway tra- 
versed the boundary between Bohemia and Bavaria, 
near Taus, forming a connecting link between two 
districts rich in natural products. The increasing 














ing a tunnel of considerable length through the 


Spitzberg mountain, was fixed by the centres of in- 
dustry and the existing railways which the new line 
would have to connect, but after the necessary 
surveys had been completed, two alternative lines, 
following generally the same route, suggested them- 
selves, each having several important advantages, 
The first marked on the plan, Fig. 1, on page 336, 
in double lines, crossing the mountain range at an 























country, From Neuern the railway rises with a 
maximum gradient of 1 in 60 (see Fig. 2) and passes 
near Mottowitz through a tunnel 525 ft. in length. 
On leaving the tunnel, the nature of the country 
becomes more difficult, involving the construction 
of heavy embankments nearly 100 ft. in height, while 
elsewhere, by a side cut, the line a along the 
face of a nearly perpendicular cliff some 300 ft. or 
more above the valley. Near Kisenstrass the ground 
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average rising gradient of ] in 55 to- 
wards Eisenstein, involved the con- 
struction of a tunnel through the 
Spitzberg of 2920 ft. in length, while 
the second route marked in the plan 
by a thick full line has an average 
gradient of 1in 60, but the length of 
tunnel was increased to 5953 ft. The 
principal objection to the former 
route was that it would occupy a 
higher level, and be greatly exposed 
to the influence of weather, snow- 
drifts, &c., while the necessary work 
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demand for Bohemian 


d coal in Southern Bavaria, and 
the rapid growth of the glass industry in Bohemia, 


called for a new means of communication to serve 


the more important industrial centres of both 
countries, and although the work 
difficulties in construction, 
upon, In its general 


: presented many 
', it was ultimately decided 
direction this line, includ- 





the completion of the mountain section Neuern- 
Eistenstein occupied considerably longer time, and 
traffic on this section did not commence till late in 
1877. 


northern base of the Béhmerwald, is about 40 miles, 
the line running through a bold and romantic 





nearly northerly direction, and in the 
summer of 1876 the lower northern 
ee of the line from Pilsen to 
euern was opened for traffic, while 


The distance from Pilsen to Neuern, at the 


















becomes more easy until the line approaches the 
entrance to the Spitzberg tunnel at an elevation of 
2450 ft. above the sea level. The direction of the 
tunnel deviates but little from true north and south, 
which is also the direction of the whole line. 
Leaving the tunnel, the Danube district is reached, 
where the nature of the ground allows of gradients 
flatter than 1 in 60. Here the line doubles round 
the valley, and on this section there occur some 
very heavy earthworks, the chief of which is an 
embankment 105 ft. high, containing some 400,000 
cubic yards, and a cutting close by from which some 
200,000 cubic yards were excavated, Near the 
market town of Eisenstein, round which the line 
winds in a long curve, it passes through another 
tunnel 656 ft. long, sweeps around the valley of the 
small River Regen, and terminates at the station 
Eisenstein, which is partly situated on Bohemian 
and partly on Bavarian territory, 4 joining the 
Deggendorf - Eisenstein Railway. The principal 
work on this line is the Spitzberg tunnel already re- 
ferred to, and which we propose to describe and 
illustrate in some detail. 

Like all other tunnels on this line, the one through 
the Spitzberg is constructed for a double line of 
rails, although one line of rails only has been laid 
down at present, in anticipation of limited traffic, 
and the standard tunnel section, which is shown in 
Fig. 3, is a little smaller than that of the Semer- 
ing tunnel, but agrees = nearly with that of 
the Mont Cenis. The total area is 507.4 square ~ 








feet, of which 458 square feet are above and 
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49.4 square feet below rail level. At distances of 
$28 ft. the sides of the tunnel are alternately 
recessed, as shown in Figs. 4 and 5 ; while for drain- 
ing, a brick-lined drain about 3 ft, wide and 16 in. 
deep runs along the centre line. Of the total 
length of the tunnel (5735 ft.) 5344 ft. are in a 
straight line, and the remaining distance follows a 
curve of 984 ft. radius, In the centre of the 
tunnel the line is horizontal for a distance of 
544 ft. 7 in.; and it falls towards the south with an 
inclination of 1 in 200, and towards the north with a 
gradient of 1 in 450, this latter joining the line be- 
yond the tunnel with a falling incline of 1 in 60, 
while the former runs with a horizontal portion 
into the station of Spitzberg. The geological for- 
mation of the ground over which the line runs from 
Pilsen to Eisenstein presents great variety, and it 
is of some interest that a geological journal was 
kept during the nae of the work. Fig. 6 shows 
a section through the mountain range at right angles 
to the axis of the tunnel, and gives a good idea of 
the formations met with. The letters on this 
section refer to the following formations: 

a. Gneiss mica slate with granite layers, bedded in 

gneiss. 

b. zite slate. 

c. Even-sided mica slate. 

cl. Lime mica slate. 

d, Twisted mica slate. 

f Eruptive granite containing many lodes. 

. Layer of graphite and dolomitic limestone. 

The Spitzberg tunnel itself (see Figs. 7 and 8) is 
situated in the mica slate formation, but traverses 
a variety of different strata, and the mode of work- 
ing, the progress made, and the amount of brick 
lining in the tunnel naturally depended largely on 
the qualities of the materials dealt with. Fig. 7 isa 
longitudinal section, Fig. 8 a plan, and a number of 
cross sections are subjoined in which the formation 
is indicated, and the position of the tunnel in all 
cases shown. In Fig. 7 it will also be noticed where 
the vertical shafts are driven. While no brick 
lining was found necessary in that length passing 
through the distorted mica slate, a compact, firm 
rock without any fissures and quite dry, the tunnel 
had to be completely lined in some of the much 
harder slates, intersected with water-carrying seams. 
In some places it was found necessary to brick up 
to the springing of the arch, in others the roof only 
was lined. In all those places where the tunnel 
traverses lime and granite rocks with large fissures, 
and with constantly varying directions of bed, the 
whole tunnel was completely lined, and near the 
north end, where a quantity of sandy clay and de- 
composed slate intersects the axis, some strong 
granite arches were required to resist the pres- 
sure of this loose formation. 

The time for completing the tunnel being limited 
to three yeare, out of which about six months were 
absorbed by the work of excavation at each end, it 
was most important to adopt that method of working 
which would allow the employment of as large a 
number of workmen as possible, and it was there- 
fore decided to adopt the plan of driving a pre- 
liminary driftway, which would afterwards be 
attacked in a number of places, widened out to its 
full section, and where necessary lined. To gain 
additional oo of attack it was decided to 
sink two shafts, although considerable increase 
of expense was involved by this mode of work- 
ing, the shafts being from 390 ft. to 430 ft. deep, 
and through water-Learing rock of great hardness. 
A daily average progress of the driftway of only about 
20 in, was obtained, and a time of from 24 to 26 
months only being available for completing it, six 
points of attack were considered necessary, and these 
were obtained by driving two shafts at a distance 
of 1970 ft. from each end of the tunnel. In the 
autumn of 1874 the necessary preliminary works for 
the shafts and tunnel driving were commenced by 
building engine and boiler-houses, stores, dwellings, 
&e. The buildings were chiefly wood-framed struc- 
tures lined with brickwork. They comprised : 


. ri xt. aq. ft. 

Two hanling towers each 1410 2,820 
»» engine houses each 2172 4,344 
90 — for two fires each $23 646 
»» boiler houses 1475 


cs ies 2,950 

», Stores for shafts with 
timekeeper's offices ens 732 1,464 
One general. store with four 
smiths’ fires and extension 
for offices... a ai 
One branch store at the north 
end of tunnel entrance with 
foursmiths’ fires ... é 
One branch store at the south 
end. with two fires ... 


3,660 





ay me a and foremen’s 
welling-houses_ ... me 
House for overseers, store- 
keepers, &c. a oe 
Workmen’s dwellings for 300 
men ... a - ” 
Hospital with fifteen beds 
Dynamite stores eee 


sq. ft. 
. $,552 


4,995 


8,073 
1,550 
387 


Total ... es 38,531 
The average cost per square foot of shed build. 
ing was 1s. 12d., and that of wood-frame building, 
brick lined, 2s. 33d. In addition to these build- 
ings three canteens were erected by private enter- 
prise for the accommodation of the workmen, 
one at each end of the tunnel and one near shaft 
No. II. All these buildings were merely temporary, 
even the engine foundations were built up of 
wooden joists and bolted together by long founda. 
tion bolts. 


(To be continued.) 


BOILER INSPECTION. 

Tue annual reports of our various boiler inspect- 
ing companies are year by year becoming more 
valuable as records of defects in existing practice, 
and as affording the data which will enable that 
practice to be improved in the future. Under these 
circumstances we are glad to notice a steady im- 
provement in the care and completeness with which 
these reports are compiled, and there is every indi- 
cation that the competition now existing between the 
insuring and inspecting companies is bringing forth 
good fruit in this respect at all events. We have 
been specially led to these remarks by an examina- 
tion of the annual report for 1879 just issued by 
Mr. Niel McDougall, the chief engineer of the Boiler 
Insurance and Steam Power Company, Limited, and 
which is now before us. Mr. McDougall naturally 
commences his report by a statement of the pro- 
gress made by his company during the past year, 
and of the work done by its officers, and he then 
proceeds to describe some of the most important 
defects discovered. Then follow some notes on the 
inspection of engines includivg samples of diagrams 
taken from some of the engines inspected. Amongst 
the engines dealt with is one of the compound type 
fitted with a surface condenser, and apparently of a 
modern pattern, but the performance of which has 
been rendered wretchedly bad through the circula- 
ting pump being too small, aggravated by the cir- 
culating water having a high temperature. Mr. 
McDougall also draws attention to the great waste 
of fuel which frequently occurs when a number of 
small engines are employed, owing to these engines 
being of faulty types or badly cared for. 

A very complete record of the steam boiler explo- 
sions of the year, with a detailed account of the 
more important explosions, next follows, and Mr. 
McDougall then proceeds to deal with the compul- 
sory inspection of boilers. As we not long ago 
published in this journal the views of Mr. Fletcher 
on this subject, it is only fair that we should give a 
similar publicity to Mr. McDougall’s opinions. His 
remarks are as follows : 

From the verdicts given by juries in various parts of the 
country in the case of fatal boiler explosions, the opinion 
appears to be very generally held that compulsory inspec- 
tion involving direct control and inspection of boilers 
by Government officers would lead to good results. Taking 
the example of Germany into consideration, the introduc- 
tion of such a system, although it would be attended by 
much greater difficulties in this country from the enormous 
extent to which steam is used, might perhaps be found 
practicable, but judging from German experience, the 
results which might be expected would be wholly in- 
adequate to the cost involved. A German engineer, Mr. 
Kirchner, of Berlin, has ray | investigated the matter 
in a recent pamphlet, from which it appears that in 
neers | the number of explosions from 1870 to 187 
avera 13.1 per annum. Comparing this result with 
that obtained in Great Britain, without Government super- 
vision of any kind, Mr. Kirchner remarks—‘‘ Therefore 
the proportion of explosions in England to those in Prussia 
equals 14.4 to 13.1, or we have in Prussia 1.3 explosions on 
an average less than in England.* This is no encouraging 
result if we consider the necessary expense to which the 
State is put, viz., 26,000 boilers at 14s. 34d. per boiler cost 
i i to prevent one explosion, it has cost the State 

A translation of the German boiler laws will be found 
farther on, and from these it will be seen that a complete 
or thorough examination of the boiler inside and outside is 
only insisted upon every six years, and an external exami- 
nation every two years. Other examinations are required, 
as when any irregularity has been discovered in the work- 
ing of the boiler an additional inspection may be ordered, 
and the application of the test by water pressure after 

* It is impossible to determine accurately the proportion 
of explosions in this country, but there can be no doubt 
explosions have since the estimate quoted on the 
preceding page was made. 














— of any extent is also insisted upon. But it may 
still be objected to the German system that the examina- 
tions are not sufficiently frequent, and that the number of 
explosions is therefore higher than it would be if more 
frequent examinations by the State officials were made. 
This, however, would of course lead to an increase in cost, 
and taking also into consideration the fact that the Govern- 
ment official work in this country would cost more than on 
the Continent, it will be evident that to carry out the 
system effectively in England, the prevention of each 
explosion would cost far more than indicated above. 
Having regard to the question of cost alone, it therefore 
appears that direct Government control and inspection of 
steam boilers is not at all desirable. 

Government interference of any kind is in fact beset with 
difficulties. The most practicable form in which it could 
be efficiently carried out would probably be by enforcing 
the registration of all boilers, and their inspection either 
by competent public bodies such as already exist, or by 
private engineers possessing some recognised certificate of 
competency, the choice of the inspector bs | left to the 
steam user. By placing the registers in the hands of the 
Government Inspectors of Mines and Factories in the various 
districts, existing official machinery could be utilised to a 
great extent. These officers, as a part of their ordinary 
duty in the inspection of factories and other establishments 
using steam and ordinarily visited by them, could see that 
a certificate of the inspection and safe working condition of 
the boilers was in the possession of the owner before certi- 
f ying to the satisfactory character of the arrangements of the 
establishment. The existing order of things would probably 
be least deranged in this way, and the periodical inspection 
of all boilers by independent persons might be thus insured. 
Legislation would, however, be required to accomplish even 
this, and the further interference of Government officials in 
the affairs of millowners and others would, undoubtedly, 
be strongly opposed quite as much by many of the owners 
of the best conducted establishments as by those whose 
ignorance or parsimony naturally leads them to regard with 
aversion any attempt at summary interference with proceed- 
ings which endanger their own lives and those of others. 
Parliament,!presuming it to move at all in the matter, will 
moreover be exceedingly slow to resort to stronger measures 
than were advocated in the well-considered proposals of 
the Committee of 1870-71, and, pending legislation, few 
will be disposed to question the good which is being done 
by our own and similar bodies. 

As will be seen from the detailed account of the explo- 
sions for the past year, but one explosion for which this 
company were liable has occurred. Another boiler which 
had been insured with us exploded, but the insurance in 
this case had become void from the removal of the safety 
valve by the owners of the boiler, a proceeding which no 
amount of inspection, Government or otherwise, short of 
the inspector cane permanently retained on the premises 
where the boiler was used, could have prevented. 

The one explosion for which we were liable, that which 
occurred at Halifax to an unsafe boiler, which together 
with three others of similar character, had, unfortunately, 
been accepted for insurance previous to my joining the 
company, has recently been made the occasion for an ex- 
traordinary attack upon this eompany and on joint stock 
boiler insurance companies gene: , by the chief engineer 
of the Steam Users’ Association (Mr. Fletcher), a pro- 
fessedly philanthropic institution which ‘‘ guarantees’’ 
some 2000 boilers. This gentleman, ignoring the actual 
results of the experience of the companies he attacks, now 
repeats an accusation which is most concisely put in evidence 
which he gave before the Committee of 1870-71. He then 
expressed himself thus: 

** It is supposed that insurance companies have a direct 
interest in inspecting boilers and preventing explosions, 
because they pay compensation when an explosion occurs ; 
that is a total fallacy. The insurance principle does not 
tend to the prevention, but directly to the promotion of 
steam boiler explosions ; the less they do the more the 
profit ; the more they do theless the profit ; inspection and 
insurance are directly at war.”’ 

In a recently published report which has been indus- 
triously circulated, and which is chiefly remarkable for the 
strange animus displayed by the writer in commenting 
upon successful rival institutions, the charge is repeated, 
with much elaboration, ‘‘ that the principle of insurance 
tends to the promotion of boiler explosions.”” This accusa- 
tion, which appears to emanate periodically from the same 
quarter, been refuted on previous occasions on the part 
both of this and other companies ; and so far as the pre- 
sent transactions of this company are concerned, no more 
striking comment upon such a charge could be found than 
the fact that although one-fifth of the estimated number of 
stationary boilers in the whole of the United Kingdom are 
now insu with us, only one boiler for which we were 
liable has exploded during the past year, while the average 
rate of explosions for the year among the rest of the sta- 
tionary boilers in the country, taking those at work at 
about 80,000, and including the handful of boilers “‘ gua- 
ranteed”’ by the Steam Users’ Association,* has been one 
in about 2200 boilers. It cannot be reasonably doubted 
that this result has been due to the care we have exercised 
in inspection, which, according to Mr. Fletcher, is syste- 
matically ignored by the insurance companies. No less 
than 80,457 examinations, either external, internal, or 
thorough, have been made during the op year by the 
ordinary staff of inspectors employed by this company. It 
is necessarily impossible to institute any comparison be- 
tween operations of this magnitude and the transactions of 
an association which, after a struggling existence of a 
quarter of a century, at the present time ‘‘ guarantees 
altogether about the same number of boilers as have been 
accepted by us for insurance during the past year alone. 


* One of these is reported to have exploded, happily 
without loss of life. 
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It is perfectly plain that the Steam Users’ Association 
has failed in competition with the joint stock insurance 
companies, which have taken in hand boilers of every class 
throughout the kingdom, and have, with profit to them- 
selyes, been performing a really philanthropic work, while 
the Association has been expending its energies in futile 
attempts to force on legislation, in order to compel the 
owners of steam boilers to adopt a system which the best 
passible test, that of experience, has shown to be unsuited 
to the wants of the steam-using part of the community. 

As an appendix to the remarks above quoted, Mr. 
McDougall gives a translation of the boiler laws of 
Germany, which will be read with much interest, 
while he concludes his ages by some ‘‘ Notes on 
the ordinary Lancashire Boiler.” These ‘‘ Notes,” 


which are illustrated by a large ~—— of a| large 


Lancashire boiler 7 ft. in diameter by 28 ft. long, 
include a good many useful practical hints. Mr. 
McDougall, we notice, prefers that the cross tubes 
in the flues should be rivetted in place rather than 
welded, and he advocates the use of the Bowling 
rolled hoops for stiffening the flues in place of the 
flanged seams so generally used. He also directs 
special attention to the necessity of providing a good 
‘‘ breathing space” between the flues and the shell 
at the end plates, and to secure this he advocates the 
tapering of the flues at the front as well as the back 
end, an arrangement now being adopted by some 
makers, but not yet by any means general. A 
tabular statement of the chief dimensions of the 
boiler, and of the strength of its shell with different 
types of rivetting, is also given, and in this Table we 
notice that the strength of the strongest joint 
(double butt strap joint, double rivetted, drilled 
holes) is taken as equal to 70 per cent. of the strength 
of the solid plate. Altogether Mr. McDaugall’s 
report contains much interesting matter, and is well 
worthy of the perusal of boiler owners. 








*THE TAY BRIDGE INQUIRY, 

THE report in our last week’s issue of the resumed pro- 
ceedings of the Court of Inquiry appointed to investigate 
the failure of the Tay Bridge terminated with an account 
of the evidence given on the 21st inst., and we have now to 
deal with the evidence since offered. On the Court being 
opened on Thursday morning, the 22nd inst., Mr. Henry 
Law again presented himself for examination, and laid 
before the Court the result of the testings of six bolts which 
had been made by Mr. Kirkaldy. He was, however, he 
added, not yet in possession of data as to the strength of 
the tie-bars, &c., and was, therefore, not in a position to 
complete his report. Under these circumstances his 
further examination was postponed, and also his cross- 
examination. 

Mr. Albert Grothé was then called and examined by Mr. 
Trayner. He stated that he was a civil engineer, and at 
present general manager of the Tharsis Mine Works in 
Spain. He was employed on the Tay Bridge works, and 
was taken over by Hopkins, Gilkes, and Co., when they 
became the contractors in 1874. He had been with the 
previous contractors since 1871. From 1874 he remained 
in the employment and pay of the new contractors. His 
duties were specially to superintend the building of the 
bridge. His position enabled him to exercise supervision 
over the purchase of the materials when he was with the first 
contractors ; but he had nothing to do with the purchase of 
materials, except in the case of those locally supplied, when 
he went under Hopkins, Gilkes, and Co. The original in- 
tention was to have all the piers of the bridge built 
of brick, with the exception of some small piers on the 
north side, and fifteen piers at the south end were so built. 
The change to cast-iron columns was resolved upon during 
the latter part of De Bergue and Company’s contract in 
consultation with himself, because the foundations were 
not such as were shown by the contract drawings prepared 
by Sir Thomas Bouch. It was found that at a certain 
distance the rock disappeared, sand instead being found 
in some places and in others gravel. He made many sound- 
ings. He made one 150 ft. deep, and did not find rock at a 
point where it was indicated inthe plans. He found the in- 
accuracy to exist from pier 14 on the south side to the 
beginning of pier 60 or 61. He bored fairly through the 
gravel layer in most cases; and found that a gravel layer at 
the top took the place indicated for rock. He went down 
about 30 ft. below the river bottom and 10 ft. below the 
level shown by Sir Thomas Bouch, and not finding rock a 
different mode of construction was decided on. He had 
many consultations with Sir Thomas Bouch, and there 
might have been others present. The inaccuracy men- 
tioned also led to an enlargement of the foundations, and 
to a lightening of the top part of the pier. The original 


plan of the high ot was that the foundations should 
consist of two cylindrical piers each 15 ft. 6in. diameter at 
the base, joined at low water by a wall of brickwork, 


having a coping of stone of 2ft. 6 in.. at high water, and 
further continued by brickwork to the top, the two piers 
being formed from the top to the bottom like an opera 
glass. When the change was proposed, it was that there 
should be stone piers supporting a cluster of eight columns 
of iron, in two groups of four each, in each pier. That 
plan was not carried out, because in sinking the smaller 
piers it was found that there was great risk in sink- 
ing two caissons for each pier, and that it was better to 
sink one large caisson for each pier. He conld only say 
that he was instructed to make the change from eight 
columns to six without any reason assigned. Asked by Mr. 





Rothery whether there would have been room on the piers 
as actually built, to have put the eight columns, he replied : 
On the foundation, yes; but on the pier as built, no. The 
caisson would have held the eight columns, but 
the pier raised upon it would not. The caisson was 
31 ft. in diameter, while the brick pier was 27 ft. 6 in. 
long, and 15 ft. 6in. broad. That is the actually built 
pier, not the one originally proposed. Whether he 
could have built on the large caisson a pier that would 
have held the eight columns was more or less a 
matter of conjecture, but he thought it very doubtful 
whether the caisson should have been burdened with more 
weight than was actually built uponit. In consequence of 
what he discovered about the bottem, the length of the 
spans was altered under the high girders and some of the 
adjacent ones, so far as the change was possible. The 
spans were altered from 215 ft. to 245ft., and the 
smaller ones from 130 ft. to 145ft. or 146ft. There were 
no other alterations excepting what were consequent upon 
those he had mentioned. The changes did not involve 
a side surface unless you go into decimals, The 
eight was not greater, and there was no greater surface 
in breadth in proportion to length. Sir Thomas Bouch re- 
ferred to the error in his drawing in conversation, when he 
attributed it to the deception of the borers, who had re- 
ported rocks where there were only some boulders. Messrs. 
Camphuis and Beattie were his (the witness’s) assistants. 
His supervision was constant for a couple of months, until 
he saw all going right, and afterward he made daily visits. 
The columns were cast at different places. All the high 
girder columns were cast at Wormit, but not during the 
period of his constant supervision. Some of the others were 
cast at Manchester. He saw indications of a ‘‘ cold shut’’ in 
some cases, and also saw some columns with holes in them, 
but he never passed such columns, they were broken up. 
Positive instructions were given that no column which he 
did not consider perfect was to go into the bridge. The 
columns were to be of equal thickness all round, viz., 1 in. ; 
but he admitted that samples shown to him were not from 
a column of uniform thickness. He would not have passed 
such a column had he known of it. One part was fin., 
and another part barely lin. If, however, he had these 
er on opposite sides of the column, extending some 
ength in relative thickness, he would as an engineer have 
no objection to such a column going into the high 
girder structure. It was strong enough at the thinnest 
part, considering the large margin which an engineer must 
allow in structures of the kind. His tests showed that the 
iron used at Wormit for these columns was of very 
quality. He could not distinguish between a usual and an 
unusual quantity of scum. He talked with the foreman 
hundreds of times, and he never indicated that the iron 
gave him any difficulty. The only thing that was said in 
the way of complaint was by Mr. Beattie, who said that 
the iron which was got from Middlesbrough was rather 
difficalt in the lathe. The same thing was said of some 
Scotch pigs. There were a good many hundreds of tons 
of Scotch scrap, consisting of broken cylinders cast at 
Falkirk. The iron used for the castings was not sluggish 
as far as he knew, and he was never informed that it was 
by his assistants. Mr. Beattie suggested a different mix- 
ture to make the iron softer. He did not remember the 
mixture recommended. He did not know that the lugs on 
the columns for the high girders were being partially 
burned on where ther . ie out imperfect castings ; but as 
an engineer he would not have objected after the ex- 
riments which he had seen performed. He convinced 
imself that, asap engineer, he could allow the lugs to be 
burned on; but, as contractors’ agent, he refused to 
countenance it being done in connexion with the permanent 
structure, because he wanted to impress once more strongly 
on the foreman their wish to produce only first-class work, 
without the shadow of a doubt about it. He, therefore, 
forbade it to be done ; but afterwards, for a special reason, 
he permitted it to be done with regard to some 12-in. 
columns which formed part of the lower piers. The tie 
bars were of malleable iron ; he did not test them nor did 
he ever see any tested by Sir Thomas Bouch, or by any one 
on behalf of the railway company. Personally, he did not 
test any iron used in the structure; it all came in such a 
form that any testing on his part would have been rather 
a serious matter. As to the stones, he considered that the 
epanes between them were not unduly large. He considered 
the joints were perfect. He had seen the bridge since it 
fell. Some of the stone courses have been separated. He 
had seen instances were the cement was entirely se ted 
from the stone, but whether it was taken away by hand or 
not he could not say. Thesurface of the stones was partly 
sawn and partly chisel-dressed. He had no preference for 
the one as compared with the other, but he thought some 
of the chisel-dressed stones were too smooth. He did not 
notice if the bolt holes in the lugs and plates were irregular 
in size, or that any of them had been enlarged by punch- 
ing. He discovered, after visiting the ruins of the bridge, 
that some of the holes had been enlarged beyond their 
original size by means of a cold chisel ; and that was a 
roceeding of which he certainly would not approve. He 
found several instances of that. He considered that the 
channel iron struts and the tie-bars were essential to the 
safety and stability of thestructure. Anything that tended 
to weaken them would undoubtedly tend to weaken the 
structure. He did not consider that anything in the way 
of defects he saw in regard to the bolting or bolt holes in 
those parts would tend materially to weaken the bridge. The 
person who ought to have been ible for the enlarge- 
mentof the holes was Mr. Delpré. Itrequired constant atten- 
tion to see that the men did not put a bar in the wrong place. 
When the use of a girder was discontinued, the “‘ feather’ 
which had been spoken of as being on the columns was left 
on. With the exception of the lower columns, a spigot and 
faucet joint was ied out on the bridge from end to end. 
He was not aware that on some of the columns left stand- 
ing there are no spigot and faucet. The alteration of the 





design of the foundations led to an extension of the spans 
because there must be a certain best ye ycory between the 
money spent on the’ superstructure and that spent on the 


piers, and it was found that by m the spans as they 
actually have been made a cheaper bri would be pro- 
duced, without any sacrifice of strength if the spans 


had remained as they were originally designed. He was en- 
gaged on the work until the bridge was finished ractically. 

e was there until the end of November, 1877. ins had 
begun to run over the bridge two months before that time. 
The superstructure consisted of continuous girders. Great 
attention was paid to making the continuity perfect. When- 
ever a girder was raised the end was lifted and its top boom 
brought to the top boom of the other. Plates were then fitted 
to the two structures, and the holes marked. The pilates 
were taken ashore, the holes drilled, and then they were 
taken back. It was not till this had been done that the 
girder was lowered to its place. They were rivetted and 
then lowered down. The evidence pointed to something 
falling and carrying all before it, not to an overturn of a 
great part of the structure. But in pier 33 there was 
evidence that the stones on which the base-plates were 
=, been turned over; and this, being in the most 

ngerous position, was turned over as a solid structure 
on its stones, and if it had been throughont of steel, the 
most solid structure, it would have turned over. He never 
had any doubt that if any came down more would come 
down ; it was only surprising that more had not come; a 
fault in the girders must have prevented that. As resi- 
dent engineer he had no opinion as to what pressure the 
bridge could resist or was built to resist. He had made no 
calculation. He never heard Sir Thomas Bouch say what 
the bridge would stand. He considered the strong wind on 
the occasion of the failure was the sole cause of the catas- 
trophe. In his opinion the bridge 4 ony way at pier 33. The 
whole of the superstructure fallen over to the east. The 
moment the pier came to any extent out of the perpendicular 
the whole thing would be so crushed that there would be a 
downfall. It must crush during the fall, not turn over like 
a pin. Most columns would fall east, an occasional one 
would turn the other way. He was of opinion that the 
wind blew the structure over, and that the foundation stones 
(the courses of masonry above the brickwork) lifted. The 
base was not large enough ; that was shown by the bridge 
going over. He was not in a position to say what 1 gene of 
wind these bases were large enough to resist. He would 
have to send the calculations from Spain if he made them. 
Any engineer could make them. Mr. Law could rectify his 
own calculations. 

Cross-examined by Mr. Bidder, he repeated that the 
bridge was blown over by the force of the wind. The pres- 
sure on the piers would be unequal owing to the —— 
of the girders. The alteration of the spans decidedly di 
not impair the efficiency of the bridge, and given that the 
weight of pier is limited, the form pe bow appeared to bim 
the best. Up tothe time of the disaster he dgemed the 
base perfectly sufficient. The rivetting was most carefully 
done. There wasno ground for the su tions made at 
Dundee as to service bolts being put in. He had seen Mr. 
Law’s report and his reference to Oram’s evidence. Oram 
was never employed on that part of the bridge which fell. 
He was employed on the more to the south. The 
hexagonal shape of base adopted for the piers was the 
form, given the fact that the foundations must be lightened 
as much as possible. The width of the base was, in his 
own independent judgment, sufficient, or he would never 
have undertaken the supervision of the work. The only 
reason why his judgment had been altered since was be- 
cause on that extremely windy night the bridge came down. 
Imperfect work must creep into some part of so large a 
work, but all reasonable precautions were taken against 
inferior and faulty work, which would have been at once 
rejected. He never allowed anything to go into the bridge 
that he did not feel certain of. He did not see what test 
he could have imposed on the columns if it had been his 
duty to test them, because he was too uncertain of the part 
which they had to fulfil. He bad found since certain in- 
dications of defective work in some of the cylinders and 
in other respects, but no defective work that would in any 
appreciable extent account for the accident. The stones 
were bedded and fixed, then the bolts were placed in the 
holes left for them with a template. While a man held 
the bolt another poured in cement. The pier would not be 
touched perhaps for three or four weeks. ‘When the time 
came for the base-plates to be put on they would be put 
over these bolts, and the nuts above. If the man lifted 
bolt while the cement was being poured in it would be 


higher, and the proper remedy would be to put packing 
pieces and then’ the nut on the top. He seen many 
split stones in his inspection of the bridge (which was made 


on a rainy and unfavourable day), but could account for 
all by some of the débris from above falling on them. 
There was a want of adhesion between the cement and the 
stone because of the stone being toosmooth. Th being 
there, there was no temptation to spare water. The holes 
would have been as g if cast as bored; the fact that 
there was a boring machine for the 15 in. columns at hand 
led to its being used foreconomy. The 18 in. columns were 
practically as good. They were properly made. 

By Mr. Webster.—He saw hundreds of castings made, 
and saw nothing to lead him to believe that proper castings 
could not be made of the iron used. Mr. Beattie had charge 
of the foundry ; he was a v ualified man ; and after 
he left there was not very muc tto do. Witness was 
not well acquainted with foundry work. The foreman 
had serving under Mr. Beattie for a considerable 
time, and was well reported of ; witness approved what he 
saw of him and retained him (Ferguson) in charge of the 
foundry. Another of witness’s assistants was also employed 

This assistant had to look to the programme for 
the requirements and see to them in the fi . Healso 
had to look to the stores and to exercise as much judgment 
as he could in going over the castings. He was not a 
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proper to drive a bolt through the joint—that was to say, 
in the interstice between two stones. e stones were 
bound together. Placing the bolt between the stones would 
not separate them. 

By Mr. Rothery.—Between the stones would be the 
position of the least resistance. As those stones were placed, it 
would not be proper to place the bolts between. He admitted 
that a stone pointed out to him in a photograph was 
broken ; he had not seen it in his inspection. The witness 
added, in further examination by Mr. Trayner, that much 
work was done at the end of the time of building the 
bridge, but he would not admit it was done in a — The 
had 700 men. They performed an amount of work whic 
would have appeared incredible before. The fa'ling of the 
two high girders in 1877 did not delay the work, but made 
it necessary for witness to adopt a different we gery 
The day after the accident he assured everybody that it 
would not delay them. They did not work day and night. 
They worked sometimes by night at tide work, unloading 
vessels, floating piers, &c. The foundry never worked at 
night. There was a night shift in the turning shop. That 
nightwork was efficiently done, use it was of a nature 
that could be efficiently done at night. He admitted there 
was not proper adhesion between the stones and cement. 
He would have had rougher stones. 

At this point the inquiry was adjourned until Friday 
morning, when the examination of Mr. Grothé was con- 
tinned. In reply to Mr. Rothery, the witness stated that 


he had no connexion either with Sir Thomas Bouch or the | i 


contractors at the present time. With reference to the 
error in the soundings alluded to in the evidence given on 
the previous day, Sir Thomas Bonuch had consulted him 
about that, and generally. He (the witness) approved in 
the main of the alterations decided upon. The piers were 
not made of brick as originally intended, because the 
foundations would not have borne the weight of the. brick- 
work. He believed the brickwork would have been stronger. 
When the alterations were first made he contemplated for 
the high girders two piers, one circular, of 20 ft. diameter, 
and the other oval, 22 ft. jong and 15 ft. broad, that being 
in contemplation of a second line of rails. He also con- 
templated that there should be two sets of four columns 
each, the two external ones being of the same diameter as 
the internal ones, with the girder between them. That 
was altered afterwards to one large caisson 31 ft. in dia- 
meter, instead of two smaller ones, because the sinking of 
these caissons so near each other, it was found, would in- 
volve great difficulties, owing to what was discovered as to 
the nature of the bottom. en the caisson was laid down 
there was ample space on the top for building up the brick- 
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work to mayest the eight columns ; but he did not employ 
the eight columns because he was not told to; he was not 
responsible for the design. Each external column had to bear 
as much weight from the girders as the two adjoining internal 
ones, and taking the wind pressure into account it had to 
do more work. He could not call this a good arrangement 
in design, but in this case, while the outer column was quite 
sufficient for the purpose, the inner ones were too strong. 
They were made so for convenience sake. Theoretically it 
would requiré a heavier pier to i a span of 215 ft. 
than one of 245 ft. ; butin practice he thought not. If the 
same kind of pier had been used it would have required to 
be heavier, but that was not the case. There was a new 
pier and a new girder. They increased the long spans, but 
the piers were weaker than was originally intended. With 
regard to workmanship, Fergus Ferguson, the foreman, 
who reported as to any irregularities of which he had 
knowledge, was in charge, and the responsibility for the 
work rested principally with him. On one occasion he 
found a column in which a quantity of foreign matter had 
been filled in, and he was extremely angry with Fe n 
respecting it; but Ferguson disclaimed all knowl of 
it. Ferguson did not take it upon himself to cast the 
columns 1} in. thick when the arrangement was that they 
should be made 1in. thick ; he (the witness) gave him in- 
structions to that effect. Some discussion took place as to 
the thickness of the metal of the different columns ; he had 
no doubt that lin. metal would not be sufficient, and he 
increased it in order to allow for any inequality. The tie 
bars had no direct bearing upon the matter. Sir mas 
Bouch had nothing to do with the increase of thickness ; he 
(the witness) gave orders that it should be done on his own 
responsibility. The increase in the thickness of the columns 
increased the amount of payment to the contractors. He'did 
not think Sir Thomas Bouch was cognisant of the increase 
of thickness. Some of the columns cast were broken up be- 
cause fey meee damaged. va we —_ in apery sod 
more than he expected mig e . He ins 

the bridge since the disaster, and had discovered defects in 
the columns which he would not have allowed to remain if 
he had known of them. 

Examined by Colonel Yolland. — Almost all the lugs were 
fractured. The fracture was ge y through bolt 
hole. It would have been a arrangement and an im- 
provement in the design if the channel irons, which acted 
as struts, had been brought into contact with the columns 
themselves, rounded. 

Examined by Mr. Rothery.—The ties he had spoken of 


were sent from Middlesbrough direct ; but he never saw 
y as put 


them tested. He considered that the f 





in, were sufficient to carry two tons on the _— foot ; but 
he should not like to put three on them. He never heard 
of any of the columns er | broken or cracked before he 
left the work, and it was difficult to account for there bei 
cracks afterwards. It surprised him. The Portlan 
cement in the columns might swell, particularly owing to 
the cement being wetted with sea water, the sulphates in 
which would have some effect on the lime. Frost would 
also uce a contraction of the iron and tend to put a 
tensile strain on it. He did not know when the columns 
were found to be broken. 

Cross-examined by Mr. Bidder.—Assuming that the 
weight of the girder was resting on a beam over the top of 
the three columns, the weight meantime was chiefly on 
one, that one would give until the compression brought the 
beam on to'the others. He did not say how that theory 
would apply in the case of a three-legged table. In the 
case of two three-legged tables it might apply in the event 
of the connecting beam resting on a brick in the centre 
of each. Iron piers as com with brick piers were 
very much lighter; and in some cases the weight upon 
them will act men The original brick piers were a 
hundred times stronger than was 3 and at first 
the iron piers were considered perfectly cient, 

By Mr. Rothery.—As a matter of fact, however, the 
bridge is down, and the supports do not seem to have been 
sufficient. 

Cross-examined by Mr. Bidder.-—-He would rather not say 
whether for the work which those columns had to doa 
vertical crack would or would not materially affect their 
strength. He increased the thickness of the columns in 
order to secure a perfect inch. The cracks discovered in 
the columns were vertical cracks. With to wind 
pressure he desired to refer to a statement which he made 
in a lecture on the 4th of March, 1873, to the effect that 
the bridge was strong enough to resist 90 lb. of wind pres- 
sure. The greatest wind pressure that had then been 
known in this country was that in which the Royal Charter 
went down, when there was a pressure of 21 lb. to a 
square foot ; and upon that calculation, as he pointed out 
in the lecture, the bridge was built. 

Mr. Henry Law, who had been examined at great length 
on previous days, was next recalled in order to complete 
his evidence. He was now in a position to state the results 
of Mr. Kirkaldy’s experiments so far as they had yet 
gone, but they were not yet concluded. They had re- 
erence to tensile strain on certain bolts and tie-bars. As 
regarded the bolts he said—the first experiments were 
dated the 21st of April, and there was nothing in the 
results to indicate that the bolts were of inferior iron. There 
were fdrther experiments, dated the 22nd of April, in re- 
ference to the tie-bars, and here the results varied, the 
strength generally being lower than in the case of the bolts. 
These experiments had furnished him with the last of the 
elements necessary to enable him to calculate what would 
be the strain required to overturn the bridge. The force 
of the wind required to overthrow the structure with the 
train upon it, was 36.58 lb. per square foot. He took the 
estimate of 36 lb. on the assumption that everything was 
perfect in the structure both as regards material and work- 
manship. Had everything been perfect, the structure 
must have gone over on the lower columns, and on no others. 
If all the struts had been equally strong and perfect, and 
each had done its duty, the structure must have gone down 
on the lower line, which was -the line of least resistance. 
He had not calculated what was the pressure of wind re- 

uired to overturn the pier without the train ; but to over- 
teow the train itself—or the second-class carriage which 
was the easiest to overthrow—would require 41 1b. per 
square foot. In his opinion the immediate cause of the 
failure of the structure was that the resistance which it 
offered to a rocking motion was not sufficient for the 
amount of lateral strain upon it on this occasion. It pro- 
bably had, by the passage of faster trains, been loosened in 
parts. And, even supposing that the loosening which had 
taken = had been tightened by the insertion of pieces of 
iron, he considered that the raging of a storm for some 
hours would have been quite sufficient to loosen those parts 
again. A strain was put upon the bridge which, wane 
train then came on it, the structure was unable to resist ; 
it was overthrown and the part which first fell was that 
where the train was. At the expansion joints it is evident 
that as soon as the bridge began to be overthrown the 
girders parted; and that they were drawn off the piers, 
and fell ney through them. After what he had seen of 
the wreck he did not think it correct to assume that the 
bridge had been brought down 


wind pressure alone ; the 
mode in which it fe 


showed that there must have been 


some weak points in the structure. It was not in a ect 
condition to withstand a pressure of wind ap g to 
36 lb. He most certainly considered that the defects in the 


structure which he had previously pointed out were defects 
such as careful supervision w: have detected. Express- 
ing his own view of the way in which the bridge should 
have been constructed, he considered that every bolt should 
have fitted the holes, that every strut should have been ac- 
curate, that all the joints of the columns should have been 
—— and that the parts should have been accurately 
tted together story by stury beforehand and carefull 
marked, so that, in putting them together again, it would 
have been impossible for the workmen to make any mis- 
takes or to find holes which did not coincide, requiring to be 
cut out by a rough tool, in the way that had been described. 
The loosening of the cotters was a thing which showed 
that ties or struts, or some of the structure, had so far 
yielded that a strain bad been brought to bear upon 
it to a sufficient extent to cause it rattle, and per- 
mitted the structure to give in a way which threatened 
its stability. If these things had been known ne yao 
who had sufficient mechanical knowledge, o-. - 
doubtedly have been taken to add security to the structure. 
If you merely wanted a person to watch the bridge, he 
thought you could not have found a better person than Mr. 
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Noble, because, h not a mechanic, he had been 
am t mechanics all his life, and was a very carefal man ; 
and, aithongh he might not have understood the signifi- 
cance of what he saw, he was quite capable of observing 
and reporting. The course adopted by him, however, to 
rovide a remedy indicated a want of mechanical know- 
ledge, and of appreciation of what was taking place. If an 
engineer of skill had observed the defects which were ob- 
served by Mr. Noble, he would have proceeded by the appli- 
cation of his skill to avert the catastrophe. Such a person 
would have incurred a heavy responsibility if he had not re- 
medied the defects. The s h of the structure might have 
been very much increased by the mere introduction of direct 
ties, by carefully overhauling the structure and apm | a 
remedy wherever any weak points were discovered, and in 
various ways. The traffic should have been stopped 
until the defects were remedied. With reference to 
the castings at Wormit Foundry—speaking from the 
evidence he had heard—he certainly thought that the 
supervision of the castings was not as careful as it should 
have been. He considered that in the case of such a 
structure the thickness of every column should have 
been seen to, and that the columns should not have 
been passed until each had received the mark of the 
person who examined it, as a guarantee that it had 
is inspection; in fact, that each story should 

ave been erected, fitted, and marked beforehand, so that 
there could be no misplacement of parts. It certainly 
shoald not have been possible to have passed columns to be 
manently used in the construction which had large 
low-holes filled up with foreign substances. That showed 
a great want of supervision, or dishonesty on the part of the 
workmen, for itis quite possible that by dishonesty on the 
rt of the workmen things might have been passed ina 
efevtive state without the knowledge of those who were 


responsible. 

ross-examined by Mr. Bidder.— Havi seen the 
channel irons, he no hesitation in saying that they did 
not afford any efficient security. The ties, too, were utterly 
insufficient for a rigid structure. There are instances 
where, in the fall of the bridge, holding-down bolts have 
been rooted out of their holes and the stones have been split. 
These results were consistent with his hypothesis as to the 
way in which the bridge came down. 

Under farther cross-examination Mr. Law adhered to 
statements made in his examination-in-chief, and eventuall 
the inquiry was adjourned until Monday morning, the 26t 
inst,, when Mr. Law was further cross-examined. In 
answer to Mr. Bidder, he said the strain on the holding- 
down bolts would not have exceeded 24 tons. He had 
found the thickness of the columns of the piers only § in. 
in two cases. The least thickness he had found was ,, in. ; 
that was on pier 33; that piece wasin London. The one 
which was} in. in thickness was this externally, but when 
the holes were allowed for it was only } in. thick. The 
thinness extended from top to bottom. He examined the 
columns on the fallen piers to detect inequality. The 
thickness was only 7; in. on column No. 4, pier 33. On 
column 6, pier 44, it ran from } in. tojin. He could 
not tell what area the y\ in. thickness extended over. On 
the opposite side that column was 1,4 in. He did not think 
that column would fracture, and he should not attribute 
the fall of the bridge to any crashing of the columns. The 
weakness evidently determined the line of fracture, but he 
did not say that it caused it. He had said in his report 
that the tie-bars were 4} in. by 4 in., but their section was 
reduced by the bolt holes, which averaged 1} in. in diameter, 
but in some instances were somewhat more. Their sectional 
area to resist a tensile strain was 1.625 square inches, but 
the whole pall upon those ties was sustained by a gib } in. 
in thickness, offering a surface for compression equal only 
to 0.375 square inches. Furthermore, the strength of 
wrought iron to resist compression could not be taken at 
more than the six-sevenths of its tensile strength, or 40,320 
tons to the square inch. Therefore, the greatest strain 
which those ties could be calculated to sustain would be 
15,120 lb., or 6} tons. They had sustained 56,000 lb. in 
the experiments made, but the cotters had been crushed. 
The key, when exposed to the strain, yielded to an extent 
that would have overthrown the structure. They had 
not sustained the pressure, as they had yielded, and 
there was a crushing of the keys. He had calculated 
that if everything were os sound a wind pressure 
of 36.81 lb. per square foot would blow over the bridge. 
Some of the tie-bars were 12.9 ft. long and others were 
11 ft. He had taken a mean of 12.39 ft. According to 
Mr. Kirkaldy’s test, the minimum strain at which a perma- 
ment elongation of a tie-bar had taken place was 36,000 lb., 
and calculating from this amount it appeared as if the tie- 
bars were sufficiently rT, to resist a strain correspond- 
ing to a wind pressure of 70 lb. per square foot on the 
structare. This strain was not sufficient to provide for. 
Professor Rankine had given 55 lb. per square foot as a 
possible wind pressure, and he (witness) considered that a 
stracture ought to be able to resist a strain of 200 lb. per 
square foot, giving a factor of safety of four for a wind 
pressure of 5 lb. per square foot. He had not any observa- 
tion of a wind pressure as high as 50 Ib. to the square foot. 
As to the struts, he did not think thera was any strut in 
the bridge which was sufficient to bear the strain put upon 
it. All the strats wore capable of play, and assuming that 
the struts allowed the approach of she columns there 
would be such an approach before it fell, or, in other 
oa, a distortion o ot The bridge had been 
subjected to vious e8 previous passages of 
trains, and those es and passages necessaril dosdneed 
any slackness which was capable of vy ew oped by the 
faults of the struts and ties. As for the tightening up of the 
tie-bars, the first storm would produce yieldings and those 

were taken up. Another storm came; another weak point 
developed itself ; and then it had to be taken up. The 
weakest point always went. Any play there was between 
the bolt and the hole in the strat would certainly not be 


taken up when the tie-bars were originally cottered. In 
his calculations he had given the structure credit for an 
initial tension on the ties of two tons, produced in cottering 
up. The power of the strut to resist under the nip of the 
bolt cual be one ton and a quarter. He had made no calcu- 
lations as to what would be the effect of the train moving 
at 25 or 26 miles per hour running into the girder ; but he 
had formed a judgment to this extent, that he did not 
think if the second-class carriage was overthrown that the 
impact of the upper part or any part of the carriages 
against the girders would have produced any serious effect 
on the bridge. The second-class carriage was the lightest 
in the train. In calculating the resistance of this i 

to overturning he had taken the weight as 14,488 1b., the 
half-width of the space between the rails as 2.5 ft., and the 
height of the centre of wind pressure above the rails as 
5.9 ft. He had not attempted to estimate eddies. He 
assumed the wind to be horizontal. He had not estimated 
any upward force on the bottom of the carriage. If the last 
two carriages weighing 35,000 lb. had, when moving at about 
25 miles per hour, been brought suddenly in collision with 
the bridge, the shock would very likely destroy the girder, 
but he did not see any ibility of the 35,000 Ib. being so 
brought against it. Hedid not see that it ever was so, 
because the carriages were intact on the eastern side. He 
was not prepared to say that the carriages did not go off 
the rails ; but if they did, and it was simply the upper part 
of those carriages which came against the girder, it might 
have smashed it instantly without doing very much injury 
otherwise to the bridge. If this weight of 16 tons, moving at 
a velocity of 40 ft. per second, did smash into the lee- 
ward girder and was arrested by it—the whole momentum 
of the train being arrested at the time, as suggested by Mr. 
Bidder—it woul be a very serious matter, and very likely 
lead to the destruction of the girder; but ap nces did 
not lead him to believe that the irder broke, and then 
brought down the structure. e thought the impact 
suggested by Mr. Bidder would destroy the girder, but as 
to whether it would have brought down the pier or not, he 
could hardly express an opinion ; but such a supposition 
was incompatible with appearances. That the carriage 
should have come against the girder was inconsistent with 
its appearance as shown by the —— He believed 
all the couplings were broken, except between the guard’s 
van and the second- carriage. The body of the second- 
class carriage was destroyed. This suggested to him that 
the second-class carriage was of the old sort and weaker in 
construction than the others. He thought that the fact 
of the couplings of the second-class carriage not having 
been broken showed that there was not a sudden arrestment 
of that carriage, but on looking at the photograph he 
found that those yee 4 were broken. On the west 
side of the hinder part of the body of that carriage there 
was a trace of something having come in violent contact 
with it. The impact of the guard’s van would have pro- 
duced that. 1t was not possible to have arisen froma 
column falling on it. The engine, tender, and first four 
carri did not show so much injury. He did not think 
it at all possible that the framework of any of those car- 
riages could have been carried against the western girder. 
He thought the guard’s van and the second-class carriage 
were weaker than the others. 

Cross-examined by Mr. Webster, Mr. Law stated that 
the slots for the gibs and cotters were roughly punched, 
and showed defective workmanship. The rou — of 
the sides of the slots, caused by the punching, had 
a decidedly injurious effect on the stability of the ties 
and the tightening of the cotters. The sides of the 
slots ought to have been quite smooth, it being im- 
possible to get an accurate fit with a rough side. The 
roughness of the slots prevented the cotters from [fitting 
close. There was a play in some instances of a quarter of 
an inch, and he did not see a single fitted slot throughout 
the whole bridge. There was one place where a packing 
piece had fallen out; but he could not say when that took 
place. He was very well acquainted with ironwork struc- 
tures where gibs and cotters are used. He erected three 
towers in Pernambuco some years ago in which they were 
employed. He had never built a bridge with a pier of the 
construction to be seen in the Tay Bridge. e believed, 
however, that under no circumstances would cotters work 
loose if they were properly fitted. He saw nothing in re- 
gard to the cutting of the channel irons which would 
seriously affect the stability of the bridge. With reference 
to the absence of four bolts in connexion with one of the 
fractured columns and the box girder, he said this did not 
cause the catastrophe, but he had no deubt that it tended 
in thatdirection. He had no reason, however, to complain 
of the quality of the iron used beyond that it was nota 
good mixture. He maintained that the holes should be 
drilled and the bolts accurately fitted. The struts could 
not act efficiently from ~~ ore manner in which they 
were fitted. There was y a channel iron to be seen 
upon the bridge which could ever have been in secure con- 
nexion with the lugs. There were cases in which the 
colamns were found to be without spigots. The spigots 
prevent the colamns from sliding one upon another ; but 
in the case of one of the piers of the Tay Bridge almost 
every column was found to have more or less shifted and 
broken its bolts or bent them. 

Cross-examined by Mr. Balfour, Mr. Law stated that 
the specification Yap that in the construction of the 
bridge there should be material and workmanship of a high 
class. If the work had been done conformably to the con- 
tract, it would have made a difference in the strength of 
the structure. 

By Mr. Rothery.—The slots in the tie-bars were rotten. 
The pressure would be at the end of the slot. That was 
where it would give way under pressure, and it was in that 
way partly that he sup the cotters became loose, and 
that the jingling or ing took place. If the pillar was 
out of position it would have a to move further 








out, and a great deal of the strength of the bridge would 











thereby be withdrawn ; that is, if it distorted out of its 
vertical position. He concurred with Mr. Grothé in at- 
tributing the accident very much to the narrowness of the 
base, and also to the fact that there was but one pillar 
externally, instead of two, which he thought would have 
been better, because the ties would have acted more 
directly. He thought that even if the workmanship had 
been suflicient the base was not, and that the system of 
bracing was inadequate. He would have connected the 
two “‘ L”’ columns at the top, and among other things, he 
would have put in additional struts. 

By Mr. Barlow.—He agreed with Mr. Grothé, that if 
there was an oblique fracture in the girder, the structure 
would come down under the circumstances in which it fell. 
If there had been two columns put on the outside instead 
of one, he did not think a fracture in one of the two would 
have had the same effect. 

At this point the inquiry was adjourned until Tuesday 
nene when the cross-examination of Mr. Law was re- 
sumed by Mr. Webster. Mr. Law said that, acting on a 
suggestion made by Mr. Barlow, he had made a sketch of 
a brick pier bridge with two piers of 15 ft. diameter at 
the base, tapering up to 7 ft. diameter at the top, placed at 
some distance apart, and having at every 5ft. of brickwork 
a flooring of stone 1 ft. thick ; such a double pier would be 
enormously strong. He had calculated the strain upon the 
brickwork with a section 18 in. thick at 9} tons at the top 
and 8} tons at the bottom, where the piers would stand on 
the cylinders. The weight of each of the existing cylinders, 
the pier above it, and the “ironwork above that, in the 
existing structure, he estimated to be 1584 tons. On the 
other hand, the weight, with the substitution he had pro- 
posed, would be 1528 tons. The surface exposed to the 
wind would be identical in the structure he suggested with 
what it had been in that which had here fallen. He had 
calculated the cost of each of the present high piers from 
the top of the caisson at 26361. On the other hand, the 
brick structure he had sketched would cost 13611. The 
a eae upon the foundations would, in the structure he 

sketched, be slightly less. Such hollow brick piers as 
he suggested would be much stronger than brick chim- 
neys because of the stone floorings. 

r. Bidder said the result of the evidence of Mr. Law 
and others had been to attack very formidably the work- 
manship of this bridge. There was one gentleman who 
was under the control of the Board of Trade, and who 
was specially qualified to speak on this point, namely, 
General Hutchinson, who made a careful examination of 
the bridge before it was opened to the public. It was very 
desirable that they should take his evidence. 

Mr. Webster also urged the desirability of examining 
General Hutchinson, and Mr. Rothery said the Court 
had expressed to the Board of Trade its opinion that 
Gene Hutchinson should be examined. At the same 
time they did not call upon the Board to produce him. 
They left it to the Board to produce him whenever it might 
be convenient. 

Mr. Trayner assured the Court that it had always been 
the intention of the Board of Trade to produce General 
Hutchinson before the inquiry closed. 

Mr. John Cochrane, Memb. Inst. C.E., was next 
examined. He had, he stated, had a very large ex- 
perience in the erection of bridges on columns. He had 
put up the Westminster Bridge, the Charing Cross Bridge, 
the Cannon-street Bridge, and the large bridge over the 
Mersey. He visited the ruins of the ‘ay Bridge on the 
Ist of April, and stayed there for a few days. He was 
there again on the 11th and 12th of April with Mr. James 
Brunlees, civil engineer. They went at the request of the 
North British Railway Company. He was to report on 
the alleged inferiority of the iron, the imperfect workman- 
ship, and the quality of the wrought iron used for 
bracing up the piers, and also as to the causes of the 
disaster. He formed the opinion that the wrought iron 
was very good. ‘The cast iron he considered to be of a 
very fair quality. He applied no tests to the iron. He 
considered that the mode adopted in casting the 15-in. 
columns, as he was informed, was not a good but a faulty 
mode of casting. He was told that the mould was em- 
bedded in the sand on the ground, and that for the top 
part only a flask was used—there being a top flask but no 
bottom flask at all. This necessitated the employment of 
heavy weights to keep the boxes down. He tlought that 
this wasa mistake, and that two flasks should have been 
employed. He would expect to find that the top flask 
would not keep in its place, and that the thickness of the 
metal would be very much reduced on both sides of the 
column in consequence. There would also be pieces of 
metal projecting which would have to be chipped off after- 
wards. He found a good many of the columns which 
showed signs Of having been so chipped after casting. He 
also did not like the recesses in the flanges. He should 
have preferred to have seen them faced over the whole 
surface. Again, he did not think it good to put in cast 
lugs. In casting any large excrescence on a column it was 
pretty sure to carry with it impurities in the metal, and at 
the point of junction between the lug and the main column 
there was always a liability to get a certain amount of 
porosity and springiness resulting from the casting. He 
noticed in some cases the presence of an accumulation of 
the slag or refuse which there had been in the iron. He 
saw one or two cold shuts on the columns. To say 
Cleveland iron was sluggish was to say that it was not hot 
enough. He also noticed that the holes in the lugs to which 
San bars were attached were not true—they were not 
parallel or uniform in diameter, and the result must be that 
the bolts would bear on the outside edges. The effect 
would be that when a strain came from the tie-bar, the bolts 
would bend, and he found on the piers several bolts which 
had bent. He would have increased their diameter. He 
was not surprised to find imperfections in the ca-ting of 
the holes, for it is exceedingly difficult to get the moulders 
to do their work properly. He thought the holes should 
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have been subsequently bored out, or something of the 
sort. He always gave directions to have these opera- 
tions carefully watched. If he had had the bolts, 
he would have had them made than he otherwise 
should do if he was aware that the holes were going to be 
cast, unless he knew that the holes were to be parallel, in 
which case the same necessity would not have arisen. He 
would have had the bolts increased in size to provide for 
the contingency of the holes not being truly cast. He con- 
sidered that the holes in the 18 in. columns ought to have 
been drilled. The holes in the fianges of the 15 in. columns 
were li in. in diameter to receive lj in. bolts; this gave 
too much play, and the bolts had more play in the holes in 
flanges of the 18 in. columns. He observed the holes in 
the channel irons, and he noticed that some of them had 
been elongated to enable the bolts to be fixed properly, but 
he did not apprehend there was much in that. He did not 
notice that in some places pone ieces had been put in 
beside the cotters ; but he bad tant that such pieces were 
putin. He considered that the disaster arose from the 
extraordinary pressure of the wind on the night of the 
great storm ; by its action, and the action of previous 
winds, a great many of the bolts connecting the diagonal 
ties with the columns may have bent—probably were bent. 
That would allow of considerable collateral motion in the 

ier, for he was quite convinced that if the pier could have 

een kept rigidly upright it was strong enough for its pur- 
pose. It would have been better that the ties should have 
acted both as struts and ties, although it would have been 
difficult, though not impossible, to make them so act. He 
thought the yielding of the bolts tended to the disaster. 
It was exceedingly doubtful whether by any examination 
the yielding of those bolts could have been detected. If 
he had noticed the ties giving way he should have com- 
municated with the chief engineer with a view to adopt 
some method to prevent its recurrence. The girders were 
continuous. He thought that their continuity assisted the 
disaster. Supposing a locomotive and tender had arrived 
at a distance of 40 ft. to 50 ft. from a pier, say No. 4, the 
girders being continuous, there would have been a deflec- 
tion of the fourth span, and that deflection would have 
lifted the overhanging portion of the fifth girder. He 
thought that the upward force of the wind should be taken 
into consideration. If there had been an _— pressure 
on the fifth girder it might have been lifted out of its 
rollers. The effect of the wind would have a tendency to 
slide the girder off the rollers. Those girders were on 
expansion joints. It was a difficult thing to attach girders 
to a pier, but they might have been so devised as to prevent 
them from moving sideways. He thought that there 
should have been something else done to prevent that 
sliding motion. The tops of the piers should have been 
connected so as to make a pier of six columns. He would 
have carried the L girder right round. If the girders had 
been separated from pier to pier, they would have admitted 
of more satisfactory attachment. On some of the piers he 
noticed that some of the columns had been forced west- 
wards. He thought it probable that on No. 5 pier the 
eastern set of columns were under the eastern girder, an 
the western columns were over the western girder. The 
eastern columns gave way first, and the western columns 
fell over the top. The eastern part fell first, and the 
eastern and western separated from one another. If the 
columns had been strongly fitted and strongly held down 
with holding-down bolts, he believed the bridge would now 
be standing. From all he had seen he did not believe the 
train left the rails. 

Cross-examined by Mr. Bidder, Q.C.—The guard’s van 

was exceptionally strong. If the second-class iage h 
left the lines by the couplings breaking, the guard’s van 
would have smashed it to atoms. The appearance of the 
guard’s van did not show that it bad run into the carriage. 
He thought nothing of the condition of the bodies of the 
carriages. They might have been smashed in raising or 
blown up with the dynamite that had been used. The first 
four carriages had been found standing. He did not know 
that the last two were on their sides. Supposing the 
second-class carriage to have tilted over, it would have 
brought a powerful action to bear on the couplings of the 
carriage before it. The only portion that could have come 
in contact with the girder was its roof. If it struck the 
girder it would bave been cut through and not knocked 
round, as it was so slight as compared to what it struck 
against. The upward force of the wind would not much 
affect the carriage. 
that the disaster was caused by a collision. It was a very 
hard thing to guard against a conical form in a lug, as 
moulders would alter the core. He would have altered the 
size of the bolt or rimed out the hole to make it parallel. 
Assuming that the bridge had been gone through and all 
the ties which had got loose by the action of the wind had 
been tightened, it would have been restored in a very great 
measure to its original structure; but in so doing the 
lug 7 have been injured by bringing an undue strain 
upon it. 
_ Cross-examined by Mr. Webster, Q.C.—He had not gone 
into calculations of strains, but he thought the bolts would 
bend before the cotters were compressed. He did not think 
that in a structure of this kind it ought.to be necessary to 
tighten up from time to time. A weight of 224 tons and 
1¢ tons to the running foot would be a big test for the 
bridge. If four engines coupled had been sent over the 
bridge at the rate of 40 miles an hour, it would have been 
ascertained if any cotters were loose. The defects in the 
casting did not help to bring down the bridge. 

Cross-examined by Mr. Balfour.—He had found that 
cast-iron piers were satisfactory, and answered perfectly 
well, when proper! contisosted. 

Mr. Albert rothé was next recalled, and in answer to 
Mr. Webster he said: The tie-bars were punched with a 
machine ; and so far as he remembered, the slots were 
clean. The majority of the slings came from Middles- 
brough already slotted. The roughnesses on the sides of the 





He saw —) make him think | crac! 





slots in the sling had no injurious effect on the cotters which 
passed through the tie-bars if the ends were fair. He saw no 
slot torn out when he was on the bridge. The cotters were 
driven tight, but when he left the bridge it was his intention 
to go over them again. Ballast trains had been i 
over the bridge ‘about two months before he left. A sm 
motion of the bridge under traffic might produce an aj 
preciable slackening of the bars. As to the columns his 
opinion was that those in which an unequal thickness of 
metal was found did not break use they were not 
sufficiently strong for their purpose, but from portions of 
the superstructure falling upon them when the bridge broke 
down. When he left there might have been some bolts 
wanting ; but provision was made to have them supplied. 
There was no complete column in which only four bolts 
had been put in instead of eight. There was no difficulty 
in screwing up the channel irons, and with the bolts 
properly fitted there was sufficient friction between the 
channel irons and the lugs to act as an efficient strut. The 
large po at the top of the pier were made at Middles- 
brough. He did not think the erection was done as 
jiecework. He was aware that a good deal of the Cleve- 
d Company’s work was done by piece. There was not 
a deal of the bridge work done by the piece. The 
gi s, cotters, and holding-down bolts came from Middles- 
rough. The holes in the lugs were all cast. The bolts 
were originally ordered to be 14 in. in diameter, but were 
altered to 14 in., and that was done on his suggestion with 
the’ consent of Sir T. Bouch. They ordered bolts in 
quantities as oe needed them. 

At this point the inquiry was adjourned until Wednesday 
or: On Wednesday, the first witness called was Mr. 
James Brunlees, Memb. Inst. C.E., who was examined by 
Mr. Trayner. He stated that he had been requested to 
visit the bridge, and had done so on two occasions in com- 

ny with Mr. Cochrane, Sir Thomas Bouch’s assistant, 

r- Noble, and one of the directors. He had had 27 years’ 
experience in constructing iron bridges and piers. The 
bridges he had constru would make about four miles in 
length. The Solway viaduct, which he had built, was 
14 mile long, and in a “7 exposed aged and he had 
also built the viaduct at Morecombe Bay, and a bridge in 
Brazil at a height of 170ft. He had heard and concurred 
with the evidence which had been given by Mr. Cochrane 
on Tuesday- : 

By Mr. Bidder, Q.C.—In saying that he concurred in the 
evidence of Mr. Cochrane he meant that he considered the 
bridge was constructed sufficiently strong so long as no 
excessive wind bore upon it, but he could not say that it 
was constructed to withstand the strongest wind. 1t was 
designed to meet a pressure of 40lb. In the construction 
of roofs he allowed for a pressure of 30lb. The Solway 
viaduct, being of low elevation and consisting of 30 ft. spans, 
required no allowance for wind. ing the piers of 
the Tay Bridge as rigid, the overturning force would be 40 Ib. 
to the foot. To that would have to be added the power of 
the holding-down bolts; but he thought that those bolts 
never came into play. He had seen the remains of the 


d | wrecked train, but had seen nothing to lead him to infer 


that any of the carriages had gone off the rail. The 
lattices which were broken in the girder might have been 


broken by falling on a high part of the bed of the river or 
by dynamite and lifting. The frame of a carriage was not 
strong enough to give a very great blow on the girder. He 
thought the guard’s van had crushed into the second-class 


ca. , and that would happen in consequence of the 
latter les stopped either by a portion of the train in 
front or  E — of the — 

By Mr. Webster, Q.C.—He took a sample of the iror from 
every pier, and in almost every case found the iron good. 

By Mr. Balfour.—He had thorough confidence in the use 
of cast-iron in bridges, both from theoretical opinions and 
from long practice. If the Tay Bridge were lowered 20 ft. 
or 30ft., it would make the construction easier and safer. 

By Mr. Bidder.—Ont of 4000 columns in the Solway, 
vertical cracks occurred in 33. If the cracks were above 
the rails the columns were replaced; if the cracks were 
below the rails the columns were hooped. 

By Mr. Trayner.—All —— being equal, he would just 
as soon use cast iron as brick for a bridge like the Tay 
Bridge. In the Solway he had found out a perfect cure for 
the cracking; he made small holes in the column a little 
above low water; so as to let out the water in frosty 


weather ; and that was quite effectual in preventing the | h 


king. 

By Mr. Rothery.—A crack in a column bearing weight 
would not weaken the column to a t extent under a 
crushing strain ; but still it would less able to resist 
pressure. In buildimg his bridge in Brazil at a height of 
170ft, if he had had to take the wind into account he 
might possibly have provided for a pressure of 301b. to the 
foot, and would have used a factor of safety of four or 
five. Taking the iron in the Tay Bridge as it was, with- 
out allowing for the holding-down bolts, he considered 
that a pressure of 40 lb. would have upset the structure. 
He did not concur with Mr. Cochrane that the flanges of 
the columns should be faced over the whole surface. There 
was nothing to show that the train left the rails hefore the 
bridge gave way. 

By Mr. Barlow.—If the bridge were to be reconstructed, 
the s of the piers should be ter, but certainly not 
four times their present size. The Menai Bridge, he be- 
lieved, would bear 50 ft. of wind pressure per square foot. 
The wind pressure in a structure such as the Tay Bridge 
was not generally treated of in engineering works. It was 
entering upon unknown ground, and so far as he knew, they 
were all in the dark on the matter. 

Mr. Macbeth, examined by Mr. Webster, Q.C., deposed 
that he was an inspector at the Tay Bridge, and acted 
under the instructions of Sir Thomas Bouch and Mr. 
Noble. There were eight bolts in the L girders at the de | 
of the columns. He saw no vacant holes there sh 
have been bolts. 








By Mr. Bidder, Q.C.—He examined every one of the 
struts and tie-bars of the piers after the bridge was handed 
over. 

By Mr. Trayner.—He found only a few tie-bars loose, 
and he tightened them up by driving up the cotters. He 
—_- chattering of the bars when a train passed over 

e ge. 

Frederick William Reeves, O.E., examined by Mr. 
Trayner, said he had come from Lisbon for the purposes 
of the inquiry. He was engaged on the Tay Bridge when 
Messrs. de Bergue and Co. had the contract, and after- 
wards as Mr. Grothé’s assistant, and left the bridge at the 
end of December, 1877. 

By Mr. Bidder, Q.C.—The inspector, Macbeth, was, he 
(witness) thought, too particular in his inspection of the 
bridge while being constructed. 

By Mr. Webster, QC.—None of the cotters were loose 
when he left the bridge. Most of the slots and tie-bars 
were made at Middlesbrough, and they were well made. 

By Mr. Rothery.—The use of packing pieces implied that 
the ties had yielded. 

The next witness was General Hutchinson, who was 
examined by Mr. Trayner, and who deposed that, in accord. 
ance with instructions he had received from the Board of 
Trade, he had inspected the Tay Bridge on February 26, 
27, and 28, 1878, before it was opened for traffic by the 
railway company. He had examined copies of the contract 
drawings, and had satisfied himself that in all essential 
particulars the details showed sufficient strength. He first 
made a general inspection of the whole structure both above 
and below the water, and he then p ed to test the 
bridge for deflections and oscillation, The girders were 
tested step by step seriatim, and the high girders were 
tested by placing upon them three, four, five, and six en- 
gines, which were sent over the bridge at the rate of 40 
miles an hour. On the third day of his inspection, having 
a steamer at his disposal, he landed upon many of the piers, 
but he did not observe any symptoms of w ess to lead 
him to have an unfavourable impression of the structure. 
There should have been a constant supervision of the bridge 
to see if the tie-bars, struts, and cotters were always kept 
from becoming loose. When he examined the bridge they 
were all tight. While he was in Dundee there was unfortu- 
nately"no high wind blowing, and he consequently, in his 
report, expressed the hope that he might have an oppor- 
tunity of observing the effect of a high wind upon the 
bridge with a train passing over it. He, however, became 
ill atthe time of the final inspection, which therefore de- 
volved upon some one else. 

By Mr. Bidder, Q.C.—He had examined the structure 
carefully, and the result was satisfactory to his mind. Had 
he found that 100 tie-bars required tightening he should not 
have been satisfied, notwithstanding that there were about 
5000 tie-bars on the bridge and 100 would only be equal to 
2 percent. In considering structures of this kind he had 
no data whatever as to the wind pressure that ought to be 
provided against: 10 lb. distributed over a large surface 
was an amount which might reasonably be expected. 

By Mr. Trayner.—The constant use of the bridge for 
traffic and the vibration occasioned lateral pressure, 
might result in such slackness that the idea of the bridge 
being one continuous structure would be taken en 

By Mr. Rothery.—Assuming that a gust of wind had a 
pressure on a very limited extent, say of a few feet, that 
would be distributed along the whole line of a united 
fabric, modified by circumstances. When he went to the 
structure it was all complete and painted; he could ea, 
see it superficially. He could only judge of the bolts an 
bolt holes by their outward ap ce. If he had had 
any suspicion he might have taken a tie-bar and examined 
it. By his report he intended to express his opinion that it 
was desirable that the — of the trains should not exceed 
the maximum of 25 miles an hour at any part of the 
journey. When he examined the bridge on the 25th, 26th, 
and 27th of February, 1878, he felt satisfied it was fit to be 
opened, with the exception of some detai He only 
wished to examine it in as to the stiffness of the piers 
in ahigh wind. Hedid not feel called upon to postpone 
the opening of the bridge. The subject of wind pressure 
never entered into his calculations; it had not been custo- 
mary for civil engineers in this country to consider that 
subject, especially in an open structure. 

By Colonel Yolland.— When -he examined the bridge, he 
eard no actnal chattering as if the ties had got loose; he 
only felt some slight vibration. 

y Mr. Barlow.—He subjected the bridge to tests with 
considerable weight and found it satisfactory. He did not 
think it possible that the tremor promueed by trains would 
shake the cotters loose ; but strong lateral action might 
do so. If any person knew that packing had been largely 
used he ought not to have neglected to inform Sir Thomas 
Bouch, as it was most important he should have known 
that. The stability of the piers, apart from the holding- 
down power, was something over 4v lb. 

At this point the Court adjourned until yesterday 

y) morning. 








Tue TEMPLETON Famity.—We have pleasure in 
acknowledging the receipt of the following sums for the 


aid of the Templeton family, whose ing case we 
noticed in our number of the week aces 
8s. d, 
Amounts already acknowledged 73 6 
Mr. B. Samuelson oan aad pa. 220 
A. D. O..... ve be ¥ ge 
The following amounts hav also been received by Mr 
Joseph Newton : Y P 
s. d. 
Mr, Thomas Gillott, Farnley.. .«. 1.0 0 
Mr. C. Howard, Bristol abs Rv 100 
Mr. J. Davies .... ote ons 050 
Mrs. and Miss Davies ... 05 0 
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CROMPTON’S LAMP. 


Ar two recent meetings of the Society of Telegraph 
Engineers a new form of tor lamp was used for 
lighting the theatre of the Institution of Civil Engineers. 
This lamp, which we now illustrate, has been invented 
and is now manufactured by Mr. R. E. Crompton, of 
Mansion House-bulidings, and the Anchor Iron Works, 
Chelmsford. We believe that thirty of the same type 
are in use, and in every case are giving more satisfactory 
results than the Serrin regulators they superseded. Mr. 
Crompton is now fitting them in the great station of 
St. Enoch’s at Glasgow, for the British Electric Light 
Company, who have supplied the Gramme dynamo- 
electric machines and other apparatus used there. These 
lamps are equally well suited for either the Siemens or 
Gramme continuous current machines, 

Mr. Crompton contends that all regulator lamps, other 
than this one, fail in delicacy of feed movement, in other 
words, instead of advancing the carbons as they are con- 
sumed ina regular continuous feed, they advance it at 
long intervals of time, in quantities of from 4 in. to yy in. 
according as the l«mp is clean and sensitive. In con- 
sequence of this irregular feed the arc varies greatly in 
length. The carbon peints alter their form, the colour 
of the light changes from pure white when the arc is 
short toa purple or bluish tinge when it is long. The arc 
instead of remaining steady on the concave or sun, 
as we may callit, of the positive carbon plays irre- 
gularly round the cone and throws the light occasionally 
all to one side, great noisiness and hissing takes place 
after each feed movement, and frequently when the car- 
bons are advanced so as to form an exceedingly short arc, 

© pieces are split off the carbons and temporary ex- 
tinctions of the ight occur. The blame of these defects 
have been too of tenvisited upon the unoffending engine 
which drives the dynamo-machines or upon the manu- 
facturers of the carbons. 

The truth is that nine cases out of ten it is the re- 

lating lamp only that is in fault; if its feed mechanism 
fe sufficiently rompt in responding to the small changes 
in the strength of the current which should diminish 

ually, as the resistance of the arc increases by the 
consumption of the carbon points, it will feed forward 
the carbons at such frequent intervals that the motion 
will be practically conti » and the length of arc 
nearly invariable ; under such conditions it is astonish- 
ing what a good steady light can be got from compara- 
tivoly bad carbons and with an engine fitted a n 
ordinary trade governor. This desirable promptness Mr. 
Crompton has obtained by reducing the weight and size 
of the brake mechanism, which checks the advance of 
the positive carbon rod to a minimum; in the smaller 
lamps the parts set in motion each time a feed movement 
takes place weigh only a few grains, Thus the varying 
strength of the magnetic field of the lamp magnets has the 
smallest possible work todo. The drawings give a fair 
idea of the general arrangement of the lamp. The upper 
part which contains the mechanism, consists of a pair of 
top and bottom plates united by a pair of flat frame 
plates, which form the side carrying the train of 
wheelwork. This part is covered in by a glass cylinder 
held at top and bottom by grooves in the plates. The 
movement can be seen in an instant without removing 
any cover. Below the bottom plate the lamp is extended 
in the form of a large tube, which simply forms the 
guides for the carbons, which being of considerable 
length, require support as near the points of combustion 
as possible. The length of this tube is varied according 
to the number of hours the lamp is required to burn; in 
lamps for five hours and under it can be dispensed with, 
as the carbons will be sufficiently stiff to support them- 
selves in line without guiding. In the case of the long 
lamps the upper carbon slides through a platinum con- 
tact atthe bottom of the above-mentioned tube. Thus the 
length of carbon between contacts remains constant the 
whole time the lamp is burning; this is a very desirable 
result, as the difference in resistance between a pair of 
fresh carbons and a pair of short ends sometimes amounts 
to as much as the resistance of the arc itself. 

Fig. 1 shows the mechanism in place, Fig. 2 is a 
horizontal section of it, and of the lower tube, showing the 
contact, Fig. 3 shows the same lamp complete to a smaller 
scale, Fig. 4 is a section showing part of the mechanism 
detached, and Figs. 5 and 7 are lanterns employed for 
various lamps. B is the lower carbon and B' the lower 
carbon holder, adjustable in every direction, as can be 
seen from the detailed section. The upper end of this 
carbon holder slides through holes in he top and bottom 
plates 6 b. The distance or stroke it travels can be 
regulated by a clamping collar 5" ; when the lamp is not 
working this collar is pressed close to the underside of 
top plate by a spiral spring D; C isthe upper carbon and 
C' the <3 carbon holder ; this is a massive brass rod, 
the weight of which supplies the motive power to advance 
the carbon; the descent of this rod is checked by its 
Lees | a rack cut on it, the teeth of which gear with the 
last wheel of a train of wheelwork. On the axis of the first 
wheel E* of this train is mounted a pair of vanes or flies 
toequalise the motion, and a brake wheel. The wheels 
are so proportioned that one revolution of the brake 
wheel corresponds to a descent of the carbon rod of one- 
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magnets, through the coils of which the current passes 
when the lamp is at work. So that when the light 
commences to Cam, these magnets draw the armature g 
into contact with their cores, and depress the lower 
carbon holder which is fixed firmly to the armature. 
They further retain the carbon holder in this position as 
long as sufficient current passes to enable the magnets to 
overcome the spring D. On the upper surface of the 
armature is mounted, the soft iron piece A hinged to it at 
h' ; the piece A carries a curved arm or brake piece k k' 
adjusted and shaped, so that when the armature g rests 








tenth of a millimetre. GG are the controlling electro- 





upon the cores of the magnets, the pisces A when attracted 
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towards the armature by the induced magnetism in it, 
brakes the brake wheel, and so stops the descent of 
the carbon rod. The piece & is held away from the arma- 
ture by a light spiral spring /, the tension of which is 
regulated by the regulating screw /, to such a degree 
that when the lamp is burning properly, and the arc 
resistance is consequently normal, the piece A is on 
the balance, as it were, floating just above the brake 
wheel, the slighest alteration in strength of magnetism 
taking the brake on or off. In tice this piece is often 
seen to rise and fall eight or ten times for each revolu- 
tim of the brake whetl, in fatt it always is moving. It 
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will be noticed that this piece 4, which is pivotted on 
two hardened steel points which do not require oiling, is 
the only part that moves when a feed takes place. In 
other lamps heavy slides having many points of friction, 
orcomplicated parallel movements with eight points of 
suspension, have to be set in motion, and it will be easily 
seen how reverse of delicate will be the feed of such a 
lamp after the parts have become dirty or clogged with 
oil. Further, all these points of friction are expensive to 
maintain in proper order, and are a source of frequent 
breakdown when the lamps are used in exposed situations. 

The parts in the lamp under description are less than 
half the number of those in the Serrin regulator, which 
has hitherto enjoyed the largest share of favour. Every- 
thing has been made to gange and template. The wear- 
ing parts run in phosphor-bronze plates of the hardest 
description ; no oil is used to lubricate them. To show 
the practical result of this care in manufacture, a 
lamp was borrowed. for exhibition at the Telegraph 
Engineers from a foundry where it had been in con- 
tinuous use for 310 hours without having been ever 
wiped or cleaned in any way, and fully exposed to all the 
destructive influences of its surroundings, and yet the 
lamp burned the whole evening at the meeting with 
extreme steadiness, and the light was very brilliant 
and agreeable. 





SMALL COMPOUND ENGINES, 


WE give on page 337 an engraving of a pair of com- 
pound screw engines of a type which has now become a 
favourite one for small powers in the Clyde district. The 
particular engines illustrated are rated at 25 horse power 
nominal, and have been constructed by Messrs. Ross and 
Duncan, of Glasgow, for the s.s, Allan Macdonell, a vessel 
lately built for the Newry Salt Works Company. The 
high-pressure cylinder is 13 in. in diameter, and the low- 
pressure cylinder 23} in. in diameter, while the stroke 
of both pistons is 18 in. The surface condenser forms the 
base of the back columns, being cast in a piece with 
them. It hasa large cooling surface of solid drawn brass 
tubes } in. in diameter. . 

The air, circulating, feed, and bilge pumps are worked 
by rocking levers from the crosshead of the low-pressure 
engine, The reversing gear consists of link-motion, 
and being of a size easily handled is worked direct by a 
hand lever. The general design of the engine is com- 
pact and substantial, and such as to admit ready access 
to all the parts. All the rods are polished and have 
brass bushed joints easily adjustable. 

Steam is supplied by a high-pressure cylindrical boiler 
with two furnaces and return tubes, The total length 
required for engine and boiler space isabout 23ft. This 
class of engine is altogether superseding the high- 
pressure non-condensing and the low-pressure con- 
densing engines formerly so general in coasting vessels, 
and of course effects a large saving in coal to the owners, 





DREDGER FOR KURRACHEE, 

WE give this week a two-page engraving, together 
with some other views on the present page, of a dredger, 
which has been recently constructed for service in the 
harbour of Kurrachee by Messrs. Hawks, Crawshay, and 
Co., of Gateshead-on-Tyne, The dredger, together with 
two hopper barges, has been built from the designs and 
under the supervision of Mr. W. F. Batho, of West- 
minster. We postpone our description of this fine 
dredging plant until the publication of our engravings 
of the hopper barges, which will probably appear in our 
next number. 


THE STRENGTH UF IRON STRUCTURES. 
To THE EpITOR OF ENGINEERING. 

Srr,—Although I have in my letter of the 16th inst. 
already made a summary of what I intended to say on the 
above subject, I now join in the discussion once more, in 
order to state that my observations so far were made with 
reference to iron railway bridges only, and further in order 
to make a few explanatory remarks. 

1. As it appears that certain correspondents of yours 
think that an explanation of the Jaunhardt-Weyrauch 
formula with sufficient experimental data to enable them 
to judge as to its value, should be given in your columns, 
| to say that I considered these to be intended for ori- 

inal matter only, at least so far as I am concerned, while 
a full development of the formula would have involved 
lengthy extracts from Wohler’s tables and from a book 
which, I am sure, is accessible to most of your readers. I 
therefore, do not propose to answer those who have not 
read Weyrauch’s book. 

2. Iwill put into an ogee form the meaning of the 
factors which I explained in words in my last letter. 

Sectional area= f' ¢ mum force) 
U 1+} Minimum force ) 
f f' (Maximum force) 

In this formula f is the factor of safety, f' is the factor 
of allowance for an increase of the greatest force, which I 
consider as variable according to the nature of the load, and 
also according to the situation of the bar in the structure with 
reference to the load, i.e., whether it is near the railway 











train, as the platform girders, or distant from it, as the 
flanges of the main girders. For — t’s sake I took Z, 
=1.50, but the factor f! was introduced into t 


formula before, because it is really not necessary to do so, 
if we consider the expression ‘‘ maximum force’’ in its 
— proper meaning. r 

8. I may here express my belief that those who 
advocate the limit elasticity as the poamee basis of 
the s h of parts of railway bridges will some day 
think differently, but until then I must impress upon 
them, that, w! they draw this barrier i 
designers of railway bridges ought never to look, they 
should remember that in many cases fracture occurs on this 
oie 96 Shale bassior, 90d otaer Koesiane Wore neve he 

q wi they ought at least 

fas eal to fracture as the basis of strength fo all 
cases where it is less than it of 





Thus Wohler found the oscillating presser (Schwin- 





g festigkeit), i.e. the strain applied alternately as ten- 
yee pment nal which woul aie a fracture after 


an infinite number of itions : 
For malleable iron ing strain)=21 to 25.5 
15.9 tons, to be 7.4 and 


B 
tons, and U (Ursprungsfestigkeit) 
6.5 tons per square inch. 

For another malleable iron of B=27.8 tons and U=18.5 
tons to be 11.1 tons per square inch. For steel of B=48.7 
tons and U=22.2 tons to be 14 and 12 tons per square 
inch, and so on. Expression is given to these results in 
the formula, as a ly mentioned, 

Iam, Sir, yours truly, 
. Am Eype. 

3, Westminster Chambers, S.W., April 26, 1880. 


To THE EpITOR OF ENGINEERING. 

Sr1r,—If your correspondent, Mr. C. Holste, will make 
C= —7, U being 12 and n=}, and put these values into 
Weyrauch’s formula solved as regards A, he will find 

A=6+4/36- 42. 
He seems to forget that though A is always the greatest 
strain yet it may be numerically much less than C when 
the latter is compressive and therefore negative. A bar of 
iron may be put alternately under a tension of two tons 
and a compression of seven tons, and what I pointed out 
was, that in such a case the formula failed. 

I am afraid I scarcely understand the latter part of Mr. 
Ewing Matheson’s letter. He says that I assume “the 
base of strength to be the ordinary limit of elasticity, and 
therefore a constant.” 

What I did say was, that in designing a structure such 
as a railway bridge we ought to take the limit of elasticity, 
and not the limit of fracture as our basis. I look upon the 
so-called factor of safety (a term which I may say I very 
much dislike) as intended to provide against latent defect 
of material, imperfect workmanshi; ual deterioration 
by rusting, and abnormal load. her this should be 
2, 8, or 4, or any other figure, I should in my practice 
decide according to the circumstances of each case, and I 
need hardly say that if I fixed the figure with reference to 
the elastic limit, I should adopt a fi than if I 
fixed it with reference to the ultimate ° 

What I do very strongly insist on is, that no material in 
such a structure should ever get a permanent set after it is 
in po work, “i aa ; ai he ase 

regards strains w ve @ varying in- 
fluence upon the seeneth according mere of stress,’’ 
I scarcely think this is applicable to material always within 
the elastic limit. 

If the elasticity were perfect I fail to see how a strain 
within the limit of elasticity, attended, however, often with 
a lesser strain, could weaken the material. After each re- 
duction of strain the material comes — its pristine 


tion. Why then should it 
Take the balance spring of a watch. It may go 
for fi and not break. 


ing that time my own 
watch ce must have made about thousand mil- 
lions of vibrations, and yet I have only had two new hair- 
springs, and in each case I believe the fracture was caused 
a sudden fall of the watch—at least it was coincident 


th it. 
It is true that such iron us is used in bridgework is far 
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inferior to a watch-spring, but up to its elastic limit itis 
just as good comparatively to the work it has to do, and 
therefore I do not see any reason for its deterioration. As 
far as I can see Wohler comes to the same conclusion, 
though he fixes the limit for iron at 12 tons, which exceeds 
by 2 tons what I would like to calculate upon ; but if that 
same iron be submitted to alternating strains, of which the 
ter should exceed that limit, though the range might 
comparatively small, say from 15 tons to 10 tons, then 

I have no doubt alteration of the molecular condition 
would take place ; we should have permanent set and con- 
sequent distortion of the structure, and that might lead 
sooner or later to rupture. Keep below the limit, and I 
believe, the material and workmanship being perfect, we 


would be perfectly safe. 
Yours truly, 
J. A. Lowensnes. 


P.S.—It will be seen that my views are entirely in ac- 
cordance with those of Professor Kennedy, as very clearly 
ex in his last letter. 
roadway Chambers, April 24th, 1880. 


NOTES FROM THE NORTH. 
GuLascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday’s warrant 
market opened with a slightly firmer tone, and prices went 
up to the extent of 9d. per ton, but soon weakened, and 
went shortly down. The close was 6d. under that of the 
revious day. Business was done during the forenoon at 
rom 48s. 7id. to 49s. 44d., and again at 48s. 7}d. cash, 
and at from 48s. 74d. to 48s. 9d. one month, closing buyers 
at 48s. 74d. cash and 48s. 9d. one month, and sellers 1}d. 
over. During the afternoon from 48s. 3d. down to 48s. 
cash and 48s. 6d. to 48s. 3d. one month were aecepted, the 
market closing with buyers at 48s. 1}d. cash and 48s. 4id. 
one month, and sellers asking 1jd. more. The warrant 
market was again weak on Friday, and speculative holders 
still continued to press sales. There was a decline in 
prices of no less t ls. 6d. per ton, aoe on the 
whole a decline to the extent of 5s. 9d., which was 
more than double the amount of decline on the previous 
week. The market opened with business done in the fore- 
noon at 48s. 3d., an pris went down to 47s. 6d. cash, 
and from 48s. 6d. to 478. 9d. one month, the close being 
sellers at 47s. 6d. cash and 47s. 9d. one month, and buyers 
at 1}d. less. In the afternoon the prices accepted ranged 
from 47s. 6d. ten days down to 46s. 9d. cash, and at the 
close there were sellers at 46s. 9d. cash and 47s. one month, 
and buyers near. Monday’s market opened very dull, and 
there were sales during the forenoon at 45s. 9d. fourteen 
days, 45s. 7jd. cash, then 46s. one month, and 45s. 9d. 
to 45s. 10}d. various prompts, improving to 46s. cash 
and 46s. lid. cash fourteen days, and from 46s. 3d. to 
46s. 4d. one month, closing steady there. The afternoon 
opened steady at 46s. 1}d. cash sellers, then business was 
done at 46s. lid. to 46s. 10)d. cash and up to 47s. 14d. one 
month, closing sellers at 46s. 9d. cash and 47s. one month. 
The market opened very steady yesterday forenoon, and 
even became firm later on, and prices had a ae ag to the 
extent of 9d. per ton. Business was done during the fore- 
noon at from 46s. 7d. to 47s. various prompts, improvin 
quickly to 47s. 6d. cash, then going back to 47s., an 
finally to 47s. 3d. cash and 47s. 6d. one month for sellers 





amounted to 16,279 tons, as against 11,795 tons in the 
corresponding week of last year. The number of furnaces 
in blast has this week been reduced to 114, as compared 
with 87 at this time last year. 


Highland Railway.—The half-yearly meeting of the 
Highland Railway Company was held yesterday at Inver- 
ness, Mr. Matheson, of Ardross, M.P., in the chair. In 
the course of his remarks, moving the adoption of the di- 
rectors’ report, the chairman stated that during the last 
six months they had relaid 84 miles of the line with heav 
steel rails, making in all about 60 miles laid with steel. 
The portion of the line which would have ultimately to be 
pond with steel might be taken as that extending from 
Invergordon to Stanley, a distance of 168 miles. Sixty 
miles of that had been done, and they intended to relay 
another 26 miles this year, which would give a total of 
86 miles out of 168 miles—a large proportion—and the 
balance would be done gradually. They had fortunatel 
to get delivery this year of 300 tons of steel rails whic 
they contracted for two years ago, in favourable times, 
at 41. 7s. 6d. per ton, and as they could sell the old rails at 
a high price, the relaying for some time would be done on 
very favourable terms. 


Honours to Scotch Engineering Firms.—Messrs. John 
McDowall and Sons, Walkingshaw Foundry and Engine 
Works, Johnstone, have received information that they 
have been awarded the first prize for their wood-cutting 
machinery at the Sydney International Exhibition. Messrs. 
McDowall had u avon of a dozen of their machines at 
this Exhibition, all of which were shown in motion. The 
Howe Sewing Machine Company, Glasgow, have also been 
informed that they have received the highest award for 
sewing machines at the same Exhibition. 


Callander and Oban Railway.—The extension of this 
railway from Dalmally to Oban may now be regarded as 
being practically complete. On Friday last an engine with 
a first class carriage containing officials connected with the 
railway reached Oban direct from Glasgow, and on the 
following day a heavy engine, with a train of eight passenger 
carriages, arrived at the same terminus from Dalmally, 
conveying Mr. Bolton, M.P., chairman of the company, a 
number of the officials and engineers, and other gentlemen. 
After making an inspection of the station and harbour 
works, which are fast approaching completion, the train 
returned to Dalmally. 


The Steamer Orient.—A telegram came to hand from 
the Cape of Good Hope last week announcing that this 
famous steamer, now making her second voyage to 
Australia, arrived there early on Thursday, 17 days and 
22 hours after leaving Plymoath, being the fastest passage 
on record. At the Sydney Exhibition the Orient Steam 
Navigation Company have just been awarded the gold 
medal in respect of the model and plans of this vessel, shown 
by them in the Naval Section. 


Institution of Engineers and Shipbuilders in Scotland. 
— A special meeting of this Institution was held last week, 
when two valuable papers were read, one on “‘ St. Peters- 
| pe Ae ater Works,’’ by Mr. John Thomson, of Messrs. R. 
Laidlaw and Son, Glasgow, by whom the contract was 
executed; and the other on “ Fuel Feeders,’’ by Mr. 
William - +- The discussion in both cases was 





and buyers lid. under. The afternoon market opened 
with business done at 47s. 6d., then 47s. 7jd., and 
47s. 9d. one month, and 47s. 6d. to 47s. 7$d. fourteen 
days, and returning slowly to 47s. 7jd one month, 
and 47s. 4id. cash accepted at the close. The war- 
rant market was yery firm this forenoon, when a 
la: amount of business was done at 47s. 4}d. to 48s. 6d. 
cash, closing easier with sellers at 48s. 3d. cash and 48s. 6d. 
one month, and buyers 1}d. per ton less. The afternoon 
market was likewise firm, with business done at 48s. 14d. 
to 48s. 44d. cash, buyers at the top price, and sellers at 
48s. 6d. Up till the close of the past week there was no 
redeeming feature in the market, nor was there any sign of 
the fall in prices being arrested, and far less any indication 
of a recovery ; indeed, the most utter hopelessness prevailed 
amongst the holders, who were engaged clearing out on 
ull hands and pressing their iron on the market for realisa- 
tion. So low did the price come down that a feeling arose that 
bond fide investors might purchase largely in the confident 
expectation that their ventures would ultimately pay hand- 
sumely. On = vy ey a fear was expressed that the 
depression might as much overdone as was the recent 
inflation of the market. Persons interested in the Scotch 
iron trade are now in many instances coming to the con- 
clusion that the production of pig iron is everywhere too 
large, and that fact has led to the sudden closing of a 
number of accounts, with the result, according to ramour, 
that several losses of over 10,0001. each have been incurred. 
The class of operators who now find themselves in difficul- 
ties in consequence of the cessation of the demand from 
America are the middlemen speculators. It seems now to 
be known that the only real demand which gave rise to such 
a rush of spec ion came from America, and that the ex- 
aggerated accounts of the new railways to be at once under- 
taken in the United States were believed in by a large 
number of persons whose desire for gain outrun their 
discretion. Special brands are now almost unsalable, and 
it is understood that second-hand lots can still be had at 
prices considerably lower than the official quotations of the 
makers, which are, indeed, only nominal. Notwithstanding 
the fact that the forward exports during the past four 
months have amounted to nearly 100,000 tons, or 75 per 
cent., over those of the corresponding period of last year, 
the stock in Messrs. Connal and Co.’s public warrant stores 
has only been reduced some 8000 tons from its highest 
qule-* tons, the amount in the stores at the 

ose of February. The stock of pig iron in Messrs. 
Connal and Co.’s stores at the end of t week stood at 
436,755 tons, thus showing an increase for the week of 
284 tons. Last week’s shipments from all Scotch ports 





postp e twenty-third annual meeting was held 
last Tuesday evening, Mr. Robert {Mansel, President, in 
the chair. Several new members and graduates were 
elected, hailing from St. Petersburg, Newcastle-on-Tyne, 
Liverpool, Shanghae, and Glasgow. The annual financial 
statement was submitted by the treasurer, Mr. J. M. Gale, 
C.E. ; it was ied as very satisfactory, and was unani- 
mously adopted. On the recommendation of the Council 
it was agreed not to award any of the medals on account 
of papers jread during session 1878-79. The new office- 
bearers were then elected. Mr. John L. K. Jamieson, late 
of Messrs. John Elder and Co., was chosen as President, and 
Mr. Ralph Moore, Her Majesty’s Inspector of Mines, as 
one of the vice-presidents, and five vacancies in the Council 
were filled by the election of Mr. A. C. Kirk (Messrs. 
Robert Napier and Sons), Mr. Charles C. Lindsay, C.E., 
Mr. G. C. Copestake, Glasgow L tive Works, Mr. 
Walter Macfarlane, Saracen Foundry, and Mr. H. R. 
Robson, consulting engineer. A paper on ‘‘ The St. Helier’s 
Harbour Works,’’ by Mr. Imrie Bell, C.E., London, was 
subsequently read. It was of a very elaborate character, 
and was well illustrated by diagrams. In order that the 
discussion upon it and on the other two papers named above 
might be overtaken, it was agreed to hold a special meeting 
on Tuesday the 18th of May. 











NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a fair 
attendance on ’Change at Middlesbron It was ascer- 
tained that Messrs. Connal and Co., the warrant store- 
keepers, were delivering ex-store at the rate of about 
700 tons per day, and that their stock was 84,925 tons, being 
a reduction of 4135 tons since the market day of the 
angen week. On Monday No. 3 Cleveland pig was sold 
ere as low as 36s. 3d. per ton. Yesterday, owing to 
favourable telegrams from Glasgow, there was an improve- 
ment, and the market opening at 37s., closed at 6d. per 
ton more. Makers are not selling at present prices, and 
are quite content to wait in the = of a change for the 
better. To-day No. 3 is being sold by merchants at 38s. 
per ton. The productive power of Cleveland is now very 
large, but the owners of blast furnaces are sanguine that 
they will be able to carry on their business at a profit. 
There is a deal of outside speculation going on, and 
people who do not understand its intricacies are getting into 
difficulties. Some of the smaller merchants too are suffer- 
ing from the effects of the recent bearing operations. It is 





matter for surprise that within the last few years merchants 
and middlemen have come into such prominent positions 
and exercise such an influence and control in the iron trade, 
compared to the pig makers themselves, who are not only 
large capitalists, but practical men. 

The Finished Iron Trade.—There is less inquiry in the 
finished iron trade, but most of the manufacturers still 
have a fair amount of work on hand. Plates are quoted 
71. 10s., and angles 61. 12s. 6d. per ton. Ironfounders are 
getting wy through their orders, and find it difficult to 
obtain renewals. 


The Steel Trade.—At their Eston Steel Works, Middles- 
brough, Messrs. Boleckow, Vaughan, and Co. are very 
busy. They are enlarging the works, and in a short time 
will be in a position to considerably increase their output. 
The new converters which they are putting up have at- 
tracted a great deal of attention, and the results of their 
working will be watched with interest. Satisfactory pro- 
gress is being made with the laying down of steel-making 
plant at the Erimus Works, Middlesbrough. 

Engineering and Shipbuilding.—On the Tyne, Wear, 
and Tees engineers are fairly well employed, and ship- 
builders continue busy. Some very fine vessels have this 
week been launched at Stockton. 

The Coal and Coke Trades.—There is a steady demand 
for coals for export, but no alteration in prices. Coke is 
not in pressing demand and quotations are easy. 


The Wages Question in the Cleveland District.—The 
wages question in several branches of the iron trade has 
again been under consideration. Throughout the ironstoue 
mines the men expressed their dissatisfaction with the 
sliding scale, and the blast furnace men who were under 
the same scale joined them in representing their discontent 
to their employers. Instead of foolishly resorting to a 
suicidal strike the men in both branches have had inter- 
views with the masters, the sliding scale has been fully dis- 
cussed, and it has been resolved that at present nothing 
shall be done to interfere with the scale. In the finished 
iron trade Mr. David Dale has given an award in favour 
of the men. Under these circumstances it is expected that 
ot mg time the labour market will not disturb the iron 

e. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
The Midland and Great Northern Joint Stations at 
Keighley—Mr. Noble, the general manager of the Midland 
ilway Company, and Mr. Gratton, the company’s engi- 
neer, along with several others, have met Mr. Oakley, the 
= manager, and the directors of the Great Northern 
way, at Keighley, to view a site for a proposed new sta- 
tion to be jointly used by the twocompanies. The district 
local s have —- for the new station. The Great 
Northern has undertaken to complete the Keighley and 
alifax Railway in three years, and they had determined 
on a site in a central part of the town. The local boards, 
however, having taken up the matter, the making of the 
joint station is hoped to be accomplished. 


_ The Colliers and the New Line to Hull.—A demonstra- 

tion of an important character in favour of the new line to 
Hull has been made by the colliers of South Yorkshire. 
They met in some thousands at Swinton this week, and 
passed resolutions in favour of the new scheme. Colonel 
Smith addressed them, and many influential men of the 
district. The colliers consider the coal trade crippled by 
the existing railway monopolies from South Yorkshire to 
the East Coast. 


The Steel Trade.—The Bessemer steel trade has been 
very uneasy during the | my week, having fluctuated 20s. 

r ton, and closing to-day at 91. 5s. for No. 1 blooms, 

— rise of 15s. since Saturday, and a fall of 15s. on the 
month. 


NOTES FROM THE SOUTH-WEST. 

Swansea.—The steam coal trade for the past week has 
been somewhat dull, and the shipments show a decrease of 
2034 tons. Prices remain stagnant, with no prospect of 
improvement. Patent fuel shipments have been limited as 
compared with last week. The anthracite trade continues 
fairly brisk, the recent advance in prices being well main- 
tained. 

Newport.—Last week the imports of iron ore were 5712 
tons, as against 11,463 tons in the previous week. The 
exports of iron were 3553 tons, as against 6054 tons in the 
previous week. 

Death of Mr. John Grifiths.—This gentleman died at 
his residence, Dorset-place, Newport, on Friday night. He 
had attained a high reputation as a contractor, having 
successfully carried out several large undertakings, the 
last of which was the construction of the Newport Alex- 
andra Docks. 

Cardiff.—The general trade of this port last week was 
good in all branches, the coal exports being less by only 
928 tons than in the previous week. Orders were good, 
and prices firm. 








WATERPROOFING LEATHER.— We notice that Messrs‘ 
S.JE. Norris, and Co., of Shadwell, the well-known makers 
of leather belting, &c., have recently adopted a mode of 
waterproofing leather which promises to have many valuable 
applications. A series of experiments made with the pro- 
cess show, we are informed, that leather treated by it does 
not absorb more than 6} per cent. of its weight of water 
after an immersion of fiye hours, while leather not treated 
absorbs 25 per cent. of its weight in the same time. The 

roofed leather is evide wa, Ses = adapted for the 
man of leather buckets ther for colliery pump 
urposes, &c., the softening influence of water upon the 
bres being arrested. 
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NOTICE TO AMERICAN SUBSORIBEBS. 

We beg to announce that we have appointed Mr. Lenox 
Smith, 46, Pine-street, New York, the sole agent for ENGI- 
NEERING in the United States, and all subscriptions for the 
United States will in future be payable to him. Mr. Lenox 
Smith is also prepared to receive advertisements for ENGI- 
NEERING, and will afford full information as to terms, &c.,on 
application. The annual subscription for ENGINEERING de- 
livered post free in the United States is 10 dols. U.S.currency 
payable in advance. 











NOTICES OF MEETINGS. 

INSTITUTION OF CIVIL ENGINEERS,— Tuesday, May 4th, at 
8 p.m. Discussion on “The Amsterdam Ship Canal.” 

Society oF ENGINEERS.—Monday, the 3rd of May next, in the 
Society's hall, 6, Westminster Chambers. A paper will be read on 
“ The Design and Construction of the Tay Bridge,” by Mr. Graham 
Smith. The chair will be taken at half-past seven o'clock precisely, 

IRON AND STEEL INSTITUTE.— Annual meeting, May 5th, 6th, and 
7th, 1880. Wednesday, May 5th.—9.30 a.m.: Meeting of Council 
in the Council room, 25, Great George-street. 10.30a.m.: General 
meeting of members: the Council will present their report for 
1879; scrutineers will be appointed for the examination of the 
voting papers; the Bessemer Medal for 1880 will be presented to 
Sir —— Whitworth; a selection of papers will be read and 
discussed.—Thursday, May 6th. 9.30 a.m.: Meeting of Council. 
10.0 a.m.: General meeting of bers; @ selection of papers 
will be presented for discussion.—Friday, May 7th. 9.30 a.m.: 
Meeting of Council. 10.0 a.m.: General ting of bers ; 
the reading and discussion of papers will be continued and con- 
cluded.—List of Papers. “On Hardening Steel: its Causes and 
Effects,” by Professor Richard Akerman, Stockholm. Adjourned 
discussion. “On some Physical Changes occurring in Iron and 
Steel at High Temperatures. Supplementary paper,” by Mr. Thomas 
Wrightson, M.I.C.E., F.G.S., &c., Stockton. “Or the Manufacture 
of Bessemer Steel and Ingot Iron from Phosphoric Pig,” by Mr. 
C. B. Holland, Sheffield. “On the Dephosphorisation of Iron at 
the Hirde Works, Germany,” by Mr. R. Pink, Westphalia. “On Re- 
actions in the Open Hearth Process,” by Mr. Arthur Willis, F.C.S., 
Landore. “On an Improved Method of Utilising Bye-Products in 
the Manufacture of Coke,” by Mr. Henry Simon, Manchester. “On 
an Improved Apparatus for Analysing Blast Furnace and other 
Gases,” by Mr. J. E. Stead, Middlesbrough. “On the Spectroscopic 
Analysis of Iron and Steel,” by Mr. Alex. E, Tucker, Rhymney, 
and Mr. John Parry, Ebbw Vale. “On Further ments to 
determine the Presence of Nitrogen in Steel,” by Mr. Alfred H. 
Allen, Sheffield, “On the Resistance of Steel Rails at Naturally 
and Artificially Lowered Temperatures,” communicated by the 
Hon. D. Jowraffsky, Minister of Public Works, St. Petersburg. 
— Council will decide the order in which the papers should be 
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H.M. SHIP “ ATALANTA.” 

It is now nearly three weeks since public anxiety 
began to be aroused respecting the safety of the train- 
ing ship Atalanta, and nota trace of any remains 
have been met with, nor have tidings of her yet been 


received. Every day that passes now without news 
adds greatly to the fears that she has been lost. There 
are still some who believe the vessel will yet turn up, 
but we fear it must be confessed that they are hang- 
ing by avery slender thread. It is undoubtedly a re- 
markable occurrence after the disaster that happened 
to the Eurydice, if the Atalanta, the ship chosen to re- 
place her, has also been lost with all hands, Doubtless 
the fate of the Eurydice has tended much to inten- 
sify the cage excitement respecting the Atalanta, 
and has led, as might have been expected, to serious 
reflections being levelled at the Admiralty autho- 
rities responsible for the selection and fitting 
out of these two training ships. That the Eury- 
dice ‘‘turned turtle” as sailors term it, is beyond 
question. ‘The actual fate of the Atalanta may 
never be known, but if she is never heard of more, 
there are many who will never believe other than 
that she performed the same trick, and shared the 
same fate. 

We have never hesitated to criticise freely, some- 
times severely, the views expressed by, and the 
practices of, the Constructors’ Department of the 
Admiralty in reference to questions of the stability 
and safety of the ships of the Royal Navy, but we 
most distinctly deprecate the attempt to saddle them 
with responsibility for sending the Atalanta to sea 
in an unstable condition when all the facts, so far as 
we have been able to gather them, point to the fact 
that she had a larger measure of stability than 
usual in vessels of her size. 

It was at first beige 4 reported that the Atalanta 
was a sister ship to the Eurydice, but this has since 
been shown to be entirely incorrect. The Atalanta 
was about 10 ft. shorter and 2 ft. broader than the 
Eurydice, and in her early days had the reputation 
of being a stiff ship when the Eurydice was known 
to be a tender ship. The actual dimensions have 
been given thus: Atalanta, 131 ft. 2 in. length be- 
tween perpendiculars, 40 ft. 3 in. in breadth, 10 ft. 
10 in. depth of hold to the lower deck, and 923tons 
builders’ measurement. Eurydice, 141 ft. 3 in, 
length between perpendiculars, 38 ft. 4 in. in 
breadth, 8 ft. 9 in. depth of hold to lower deck, and 
921 tons builders’ measurement. They are alike, 
therefore, only in builders’ measurement, which 
goes for nothing in comparing the relative qualities 
of the two ships. 

It seems clear enongh of both these ships that if 
they were safe when they were first designed and 
sent to sea, so far as stability was concerned, the 
changes made in them have tended to increase 
rather than decrease their stability. The Atalanta 
when she put to sea, besides having had her masts 
shortened, carried a much smaller weight of guns 
above the water, and more ballast in the hold than 
she had ever done when she was a cruising war-ship, 
and therefore must as a training ship have had 
greater stability than when she was used for the 
purpose for which she was designed. These facts 
should be borne in mind when it is sought to fix the 
blame on somebody or other for sending her to cruise 
in an unseaworthy state, before any investigation 
into the matter has taken place. tt is useless to 
argue, however, against this clamour for a scape- 
= It arises after every disaster to a ship of the 

oyal Navy, and the only redeeming feature about 
it is that it dies away, if the facts show it to be un- 
founded, as rapidly as it had arisen. 
The facts of the case, so far as they are known, 
may be briefly summarised as follows : 
The Atalanta was built at Pembroke about 
1846, from the designs of Sir W. yong as a 
sailing frigate. After being at sea for some years 
she was dismantled, and lay in Portsmouth Harbour, 
being used part of the time as a water police depét, 
until after the loss of the Eurydice she was selected 
to fill her place as a training ship for young seamen. 
She was refitted at Pembroke, and there is no 
reason to suppose, and it has not been suggested, 
that she was not at that time thoroughly overhauled, 
and found or placed in a sound and seaworthy con- 
dition so far as her strength and the staunchness of 
her hull were concerned. Of course a wood ship 
from 30 to 40 years of age might turn out to be quite 
sound or quite rotten, but her real condition could 
not fail to be ascertained when she was refitted at 
Pembroke Dockyard, and doubtless she was at that 
time thoroughly repaired. This being so, or assumed 
to be so (of course it will hereafter be investigated) 
her age would not in any way militate against her 
safety. 

At Pembroke the lower masts were shortened 
6 ft., and additional ballast was placed in her hold 





in view of the catastrophe that had happened to the 


Eurydice, so as to make extra sure on the question 
of her stability, She was towed round from Pem. 
broke to Devonport in September, 1878, and was 
commissioned the same month, The following 
month she sailed on her first cruise as a training 
ship, and was out the whole of the winter of 1878-9. 
frequently in heavy weather, and returned safely to 
England in March, 1879. Subsequently she made 
a second cruise of instruction, and the last one, from 
which it is feared she will never return, was the 
third cruise of instruction, She had it is said about 
300 hands on board, for the most part young ordi- 
nary seamen, and with a certain leven of A B's. 
She sailed from Portsmouth on the 9th November 
last for the West Indies, with orders to return home 
about the 4th April. The last news heard of her 
was from Bermuda, which she reached on the 29th 
and left on the 31st of January last. Starting from 
Bermuda at the end of January, she would, with a 
fair passage, have arrived before the time fixed for 
her arrival, but no anxiety was felt, as it was known 
two cases of yellow fever had occurred on board, 
and it was thought Captain Stirling had decided 
to prolong his cruise in accordance with his original 
instructions. 

As the 4th of April passed, and day after day fol- 
lowed it without any tidings of the vessel, the Admi- 
ralty authorities began to get anxious and alarmed 
about her safety. A paragraph appearéd in the Zimes 
of the 10th April annouacing that the vessel was over- 
due, and that the Admiralty had telegraphed to the 
staff-commander of the Wye, at Malta, to look in at 
the Azores on his way home to pick up intelligence 
of her. On the 12th the Admiralty issued a minute 
to the press saying that the time for her arrival 
‘having now passed without any news of the ship, 
orders have been given for Her Majesty's despat 
vessel Salamis to proceed at once from Gibraltar to 
the Azores, and make inquiries at each of the islands 
for any traces of the Atalanta. The ships of the 
Channel Squadron also received orders on the 10th 
inst. to proceed from Gibraltar to the Azores, and 
cruise home on the track from Bermuda.” 

This announcement created of course great anxiety, 
although the hope was held out that she might have 
deen dismasted and might be picked up by the 
Bacchante then on her way home from Bermuda, 
The Admiralty communiqué also stated that she had 
on leaving Bermuda 109 tons of water on board, 
aud an ample supply of provisions, that she was in 
all respects sound, p of unusual stability, 
and commanded by an officer of good judgment and 
high professional qualifications. 

Since that time the Bacchante has arrived from 
Bermuda, the Avon gunboat has arrived from the 
Azores, and sufficient time has elapsed for the fleet 
to have made search and inquiry at the Azores 
about the different islands and sent back tidings by 
the Salamis, but not a sound has been heard of the 
missing ship. The Channel Squadron is now sweep- 
ing the Atlantic on their way back to Bantry Bay, 
and doubtless if they find no trace of her, they 
will on their arrival be again despatched to sweep 
farther north in the hope of discovering her in a 
disabled condition before it is too late to rescue the 
crew from the possible terrors of starvation. In- 
structions have already been given to the Blanche 
or other ships of war shortly expected at Halifax 
to cruise from latitude 48 to 50 as far as longitude 
36, remaining a fortnight after passing the banks of 
Newfoundland, in search of any trace of her. 

Many theories have been advanced to account 
for the continued absence of the ship, some ex- 
tremely absurd, others grossly unfair, We need 
only dwell upon those which have some show of 
reason and plausibility about them. Mr. Brassey, 
writing to the Zimes on the 17th, said: ‘The 
Atalanta has had to contend with a long succession 
of unfavourable wind, and it is much more probable 
that she has been delayed than that she has been 
lost.” In support of this he said he had been 
thirteen days in asmall yacht making the passage 
from Cadiz to Lisbon, a distance of 220 miles; and 
that he had heard from an officer, who was on 
board of a sailing line-of-battle ship, occupying six 
weeks from Lisbon to England. 

Every day of course lessens the chances of the 
ship being simply detained by head winds and calms, 
without being spoken by some of the many home- 
ward bound steamers that continue their course in 
spite of such vicissitudes, Such a happy termination 
to the period of suspense is still a possibility, but we 
cannot help thinking it is an exceedingly remote and 
slender one. 





Another conviction held by many is that the 
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vessel has been dismasted in a squall and is drifting 
helplessly about the Atlantic. The she gy in 
this case are difficult to estimate off-hand, for they 


have to be balanced against the chances of capsizing. 
It might, perhaps, be taken for ted that every 
ship carrying a large spread of sail is at times liable 
either to be disma or capsized if the sails are 
strong enough to stand. In cyclones or tornadoes 
of enormous violence a little unskilful seamanship 
would soon present one or other of these alterna- 
tives. In a merchant clipper ship the masts would 
usually go before the ship. Is it so in the Royal 
Navy? We know that the masts and rigging of a 
war ship are made exceedingly strong and heavy 
compared to a merchant ship, so as to have a surplus 
of strength, a margin in the event of some of them 
being shot away in action. Are they so excessive 
in strength that the ship would capsize before she 
would be dismasted? If so, here in itself would 
be an element of danger, although, judging by 
the stability alone, capsizing might seem out of the 
question. 

It is a familiar saying among nautical men that in 
some vessels you shorten sail to save your spars, 
whereas in others you shorten sail to save the ship. 
How would the case lie in ships of the Atalanta 
class? This is a line of thought which will be well 
worth investigation whenever the inquiry takes 

lace into the loss of the Atalanta if it should un- 
Ba pily prove that she is gone. 

Several cases are known where merchant ships 
have been thrown nearly on their beam ends and 
have been saved by the spars going or the sails 
splitting. A writer in the Zimes recently gave his 
experience in a frigate saved in the same way. On 
the other hand we know that the Eurydice and 
some merchant ships have been capsized and lost 
without obtaining such relief from the wind pres- 
sures, It may be said that some of these cases are 
traceable to reckless seamanship, but it has as often 
been simply mistaken seamanship, and it is casting 
no sinister reflection on Captain Stirling and his 
officers to assume it not impossible that they might 
have erred at acritical moment on the side of bold- 
ness, ‘They would scarcely be typical British sailors 
if they were at all times absolutely free from a ten- 
dency in this direction. 

In the event of dismasting there is every proba- 
bility that the lower masts, or at least one or more 
of them, would have remained standing, and with 
the number of spare spars and canvas on board of a 
man-of-war, and the abundance of help on board, it 
would not have been difficult to fit up a jury rig 
sufficient to enable the vessel to get across the track 
of other vessels. Many merchant ships have been 
dismasted, and by such means have reached port 
some thousands of miles away. Looking at the 
subject all round we must confess to a fear that 
something more serious than dismasting has befallen 
the Atalanta, 

Among all the ideas put forward in connexion 
with the supposed loss of this vessel the most absurd 
and grotesque are those put forward by the Standard 
of the 28th inst., based upon the story of the sailor 
named Varling, wh? was invalided from the Atalanta 
and has come home in the Tamar. 

He might have been excused for making some 
disparaging remarks on the stability of the ship, 
because if she rolled deeply he probably would not 
be at all capable of judging whether it arose from 
too much or too little stability, and sailors often 
quite honestly form the most erroneous opinions 
about the stability of their ships. The statement 
that the vessel rolled 32 deg., and that the captain 
had been heard to say if she had gone 1 deg. more 
she would in his opinion have capsized, is manifestly 
imaginative. With the ship rolling heavily at sea it 
would have been impossible for any one to have 
known to a few degrees how deeply she rolled, and 
to suppose that any intelligent officer like Captain 
—s would talk about a degree more or less 
being fatal under such circumstances is pure non- 
sense, This statement alone is sufficient to show 
the worthlessness of the story of the man Varling. 

It might have been thought however that on 
the question of the efficiency of the crew, and on the 
sufficiency of trained men to handle the vessel, his 
opinion would have been of some value. Here 
again however it is obviously not to be depended 
upon. Hundreds of merchant sailing ships afloat 
are larger than the Atalanta, and carry a greater 
spread of sail, and are worked with a crew all told 
of about 30 men. They make their way about all 
parts of the world in difficult navigation like the 
China seas, they ‘‘ weather” the cyclones met with in 





the Indian Ocean, and come at all seasons of the 
year through the heavy weather often found south 
of Cape Horn. Yet there are people who talk and 
write about the Atalanta being undermanned with 
nearly 300 menon board. Supposing three-fourths 
of them worthless, which is utterly incredible, there 
would still have been plenty to handle the ship. A 
stronger objection would be to urge that there 
were far too many on board, and that as well as 
being in each other’s way, they would have less 
chance of being properly trained. It is true there 
is much that is heavy and old-fashioned about the 
rig of war-ships that requires more hands to work 
them, but nothing to lend countenance to the story 
of Varling and others who talk about there having 
been an insufficiency of trained sailors on board. 

The whole questions of manning and masting 
war-ships need careful consideration. The masting 
is far behind the mercantile marine with their ap- 
pliances for easily handling the sails, and their 
modern arrangements of double topsails and top- 
gallant sails, The present system of manning is a 
relic of thy days when men had to fight numerous 
small guns, work the sails during action, prepare for 
boarding, and supply reliefs as well. Probably in 
most of the ships the crews could be cut down to 
half with advantage in point of efficiency, if any 
naval reformer had the courage to insist upon it. 
At present to fill up a ship with hundreds of men that 
cannot be usefully employed is to add enormously 
to the cost and to magnify every disaster. We trust 
the incoming Administration will give this matter a 
little more consideration than it has had hitherto, 
and view it more by the light of common sense and 
less by that of mere tradition. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Tue meeting of the Institution of Mechanical 
Engineers, which was held on the evenings of 
Thursday and Friday of last week, was very well 
attended. On the evening of Thursday the pro- 
ceedings commenced with some formal business, 
after which Mr. Larsen’s paper on ‘ Permanent 
Way for Street Tramways, with special Reference 
to Steam Traction,” was read, this paper having from 
want of time been crowded out at the last meeting. 
This paper we print in full elsewhere. The discus- 
sion was opened by Mr. Lynde, of Manchester, who 
pointed out the discrepancies between the costs 
given in the Table at the end of the paper, and 
those given in its opening paragraphs, which the 
author explained by saying that the figures given 
in the Table covered nothing more than the net 
cost of the permanent way itself. He (Mr. Lynde) 
thought a tramway ought to be inelastic, imperish- 
able in its below-ground material, and that it should 
have sufficient breadth of base to resist the tendency 
to torsion always brought about when weights came 
on the edge of the rail. He spoke at some length 
in favour of Barker’s system, which he had adopted 
with very great success in Manchester. This type 
of permanent way had a solid central wall of con- 
crete, a very much more satisfactory thing than two 
thin side walls, and had moreover two dead vertical 
iron faces at the sides for the paviors to work up to. 
The baseplates were broad enough to pass under 
the first row of setts on each side of the line, a quite 
essential condition. He found the short 3 ft. 
lengths both convenient and advantageous. He 
used no felt under the rails, simply brushing the 
groove out with a tar brush before putting the rail 
on it. The rails in Barker’s system were always of 
steel; he did not know how far the other rails of 
which prices were given might be of iron, which 
would account for some of the difference in cost. 
Barker’s system had also marked advantage in sim- 
plicity and fewness of parts. 

Mr. Rapier began by saying that the cost per mile 
of the permanent way—whether it was 500/. or 
3000/.—was really after alla matter of very little 
consequence. Assuming that the 10,000/. per mile, 
given in the commencement of the paper, really 
about represents the whole outlay on a tramway, 
then the cost of permanent way does not exceed 20 
per cent. of the outlay, while in some cases the 
gross cost per mile has amounted to 17,000/. He 
urged very strongly that the wish to make the rail 
narrow, to avoid the risk of horses slipping on it, 
was based on a fallacy, for horses veel not slip on 
it. This narrowness was the great cause of the 
destruction of the roads, which could only be 
remedied by making the lines wide enough to take 


He Hes much liked the unity of Gowan’s system, 
in which he said the groove was now rolled and not 
planed out. In comparing the efficiency of steam 
and compressed air the author had forgotten that 
the efficiency of a little tramcar engine could not be 
anything like as large as the efficiency of a stationary 
engine of euniianite size. 

Mr. John Robinson pointed out that Mr. Rapier 
had adduced no proof that the usual opinion as to 
the slipperiness of a broad metal surface was a mis- 
take, and for himself did not think it was. He had 
been much pleased with the lines laid down on 
Barker’s system recently in Manchester, it was 
hardly possible to say when one was driving across 
them ; they had not, however, yet had engines 
running upon them. He agreed with the last 
speaker that the cost of repairs and maintenance 
was of much more importance than the first cost. 
{n admiring the simplicity of such a rail as Gowan’s, 
however, it must not be forgotten that a rail might 
he very simple in itself, but might at the same time 
be very troublesome to take up and relay, and so 
might readily be allowed to go too long without the 
needful repairs. For steam traffic no doubt the 
great thing was to get really good rails, and not the 
wonderfully ‘‘ idealised” rails which had been em- 

loyed in Paris. He did not at all agree, judging 
rom locomotive experience, with what Mr. Larsen 
had said about trailing wheels, with good rails they 
would only be a drawback, 

In reply to a question by Mr. Arthur Paget, Mr. 
Rapier said that at any rate he would propose a rail 
the full width of a horse’s shoe, on which Mr. Paget 
went on to say that he had experience both of iron 
and of granite surfaces, and that the latter (in 
blocks) was as slippery as ice to a horse on a fine 
dry day, and the former (iron) far more slippery 
under the same circumstances. Mr. Rapier said 
that he did not know of any slipping having occurred 
on the wide iron tramways along the wharves at 
Glasgow. To the best of our recollection, however, 
the tramways he alluded to were broad cast-iron 
chequered plates, and not plates with a smooth 
surface, 

Mr, Crampton repeated what he had said before 
in the discussion on Mr. Brown’s paper, that any 
one could make an engine if only we had sufficiently 
good rails for it to run on. ‘The-great thing was 
to get the setts into as close contact with the rail as 
possible and prevent all vibration. From this point 
of view the vertical side wall of the Barker rail was 
much preferable to the open sides of the Larsen and 
other systems. If we could only get sufficient 
stability a difference of 1000/. a mile in first cost 
was not worth considering. He afterwards added 
that he wished we could have a 3 ft. tramway gauge, 
and did not see one single objection to it, 

Mr. Lyster Holt said that to whatever extent a 
narrow topped rail might be sufficient for horse 
traction, we must have a wider rail for steam trac- 
tion, unless the engines were to be continually in the 
shops. Barker’s system was very good, but he pre- 
ferred Gowan’s on account of its greater simplicity. 
He thought that without some particulars of the 
relative weights and materials, the table of compara- 
tive costs given in the paper was useless. 

Speaking as to the elasticity of iron permanent 
way, Mr. Jeremiah Head said that he had seen a 
great deal of Mr. Charles Wood’s iron sleepers since 
a portion of the North-Eastern line near Middles- 
brough was laid with them two years ago, and that 
even now when the ballast was well consolidated, 
they seemed to retain quite sufficient elasticity to 
meet all requirements of the traffic. The question 
of elastic or non-elastic permanent way was not a 
question of wood versus iron, but of one form versus 
another form. 

Mr. Winby explained that his rail was of a form 
adopted to facilitate rolling the groove, which in 
most cases presented some difficulty. He made his 
rail with a flat tongue at the side of the head, which 
was turned up so as to form a groove in making its 
last pass in the rolls. For convenience in rolling, 
bending, and handling, also, he had preferred 
rivetting a 12 in. plate below his rail to rolling the 
rail with a b base, the latter, after all, not 
having sufficient bearing surface in itself. He said 
that the Corporation of Manchester were now lay- 
ing down his rail in preference to Barker's. The 
latter he did not consider nearly strong enough for 
standing the knocks and jars which occurred when 
it was crossed by the heavy trucks, carrying perbaps 
locomotives, which would have to go over it in such 
@ place as Manchester, The fishing of the rails was 





all ordinary vehicles up to, say, 4 ft. 11 in, gauge. 





also very insufficient. He thought that something 
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queen 
might be saved in the width of groove, which was 
often much wider than was necessary. His own rail 
was 23 in. wide onthe head, He did not use an 
concrete, but filled up at the sides of the rail wi 

a mixture of one part of Portland cement to five 
parts sand, 

Mr. Price Williams regretted er much that the 
author had given in his Table the net cost of 
material only, and not the annual cost of main- 
tenance, He thought that the Barker system could 
hardly claim to have anything like a certainty of 
permanency under steam traction, which was the 
real matter under discussion, although it had been 
somewhat lost sight of. We were still feeling our 
way to the right rail, The train resistance given by 
Mr. Larsen was exceedingly high, although pro- 
bably the remedy proposed by Mr. Larsen might 
have exactly the reverse effect to that intended. 
The diré resistance is, however, sometimes very 
high. If we were to have steam traction on tram 
lines he did not think that we could do without the 
elasticity which had been found necessary on rail- 
ways. Mr. Robinson asked what was the section of 
the rail on which the high resistance of 18 lb. had 
been obtained. Mr. C. E. Cowper pointed out that 
much of the trouble found with slipping on iron 
was due to the changing from an iron to a stone 
surface, which the horses had necessarily to do 
continually. Mr. Schénheyder inquired how the 
setts were arranged in the cases where the rail had 
a broad base passing under them; whether they 
were dressed to the exact depth of the rail or packed 
underneath, Mr, Winby and Mr. Lynde both said 
that they were bedded upon a rammed layer of 
sand ?in. or lin, thick. ‘The President, Mr, 
E. A. Cowper, pointed out that a light steam 
engine on the rails would probably not be so hard 
on the way as the shocks of heavy vans and wagons 
crossing and recrossing it. He ‘objected especially 
to the width of the grooves, and suggested that by 
using wheels having renewable steel disc flanges a 
very much narrower groove might become possible. 

Mr. Larsen, in replying, admitted that the Barker 
rail as laid in Manchester was about the best he 
had seen anywhere, but thought that the use of 
cast iron in it was a very great objection. If the 
stones were rammed as they were here, the plates 
would certainly be smashed. As to the groove, the 
Board of Trade will accept one up to 1 in. wide 
and 3}in.deep. The rail on which the experiments 
he had mentioned were tried was that given in his 
figures as No.7. The rails were new and the gauge 
might have been tight, and the flanges of the wheels 
were rather full. No doubt narrow grooves would 
have advantages, but he would pity the horses if the 
narrowing were carried very far. Asto prime cost; 
there were plenty of small places where tramways 
were required when 1000/. a mile would make a very 
great difference, As to the costs used in compiling 
his Table, the cost of rails to Fig. 19 had been 
7/. a ton, when Mr. Winby’s were 9/. 10s., and he 
maintained as against Mr, Winby’s expression of 
opinion to the contrary, that the facility of renewal 
which his system possessed was a real and very 
considerable advantage. 

Mr, Anderson’s ‘‘ Remarks on Chernoff’s Paper 
on Steel” were also read on Thursday night, but the 
discussion was taken at the Friday evening meeting. 
In opening it, Mr, Anderson alluded to the recent 
experiments of Professor Hughes and Mr, Chandler 
Roberts as communicated to the Society of Tele- 
graphic Engineers, which seemed to point to the 
possibility of the cause of brittleness being the 
separation of the particles by the occlusion of gas. 

Professor Hughes said that he was unable as yet 
to connect the absorption of hydrogen and the corre- 
sponding brittleness with the phenomenon of temper- 
ing. Steel is probably, in its natural or primary 
state, a mere mechanical mixture, and not a com- 
pound, or even an alloy of iron and carbon. But 
when heated it becomes alloyed in a manner corre- 
sponding to the temperature, and if then suddenly 
cooled it cools as an alloy, and not as a mixture. 
This change he considered to be demonstrated by the 
alteration in its electromotive force. If two similar 
bars of steel were taken, and one softened and one 
per see both being then polished so as to have 
similar surfaces, and both immersed in dilute sul- 
phuric acid, the tempered bar will give off hydrogen 
with great rapidity, and be soon eaten up, while 
in the soft bar hardly any action shows itself. ‘This 
po'nts to the existence in the former of local circuits, 
and therefore of real contact between the particles of 
iron and carbon. In the soft bar no such contact 
can apparently exist, The change in the electro- 





positive and negative properties of the material 
point to the same conclusion. The higher electric 
resistance of tempered than of soft steel was pro- 
bably owing to the.different condition of the graphite 
rather than to the contact difference just mentioned. 
After Mr. Jabez James had made some remarks on 
the handlin 
forge, Mr. 


of steel in the shop and at the tool 
ughes added that it was found by the 


electrical changes which took place that a piece of 
pure iron was softest immediately after its so pane 
and that for some days afterwards at least— possibly 


for along time—a gradual recrystallisation seemed 
to take place, and the iron became slightly harder. 

Mr. Arthur Paget said that apparently the con- 
verse was also true, at least he been told that 
Sheffield firms would sometimes keep too hard a 
sample of steel for months on hand in the belief that 
it would lose some of its brittleness. In his shop 

ieces of steel were often hardened by holding them 
tween two plates of metal instead of by dipping 
in water. His men asserted very positively that if 
@ piece came out curved on account of having been 
clumsily caught between the hardening plates it 
could be straightened if dealt with a¢ once, but not 
after the lapse of five minutes. 

Mr. John Fernie said that in America in preparin 
cutters they were generally annealed after roug 
turning, and then finally rehardened in charcoal. 
Mr. Head said that he had now given up the 
practice of hammering ingots intended for making 
plates. He now made flat ingots, and found that 
the plates rolled from them stood Lloyd’s tests just 
as well as those from hammered slabs. 

The President remarked that he had used oak 
sawdust for annealing in with very good results. 
He mentioned that wire chilled in cold water was 
useless, but that the same wire chilled in fof water 
satisfied all the conditions necessary for music wire, 
or for the strands of wire cables, &c. 

Mr. Anderson, in replying, said he had asked 
Chernoff as to the effect of cold on steel, and had 
received the reply that in his (Chernoff's) opinion 
cold could only producean effect onimpure material — 
material, that is, containing pe peo silicon, man- 
ganese, &c. On pureiron and carbon it had no 
effect, although probably enough phosphoric steel 
would stand a better test in warm t in cold 
weather. _—a to the question of the occlusion 
of gases he said that if hardening were due to the 
driving out of gases hardened steel should have a 
greater specific gravity than soft metal, while it was 
found in fact that steel swelled somewhat on being 
hardened. ‘This he considered to be due, however, 
to a totally different cause, viz., that steel was rarely 
primarily in a state of molecular equilibrium. As 
an illustration of this he instanced the dies used at 
the Mint, which were every now and then found to 
crack spontaneously. The cracks were always more 
or less circumferential in direction, which they would 
naturally be were they the result of latent strain, 
whereas a change of specific gravity would cause 
radial cracks. Remembering, therefore, that hard 
steel possesses this initial strain it will be seen that 
it is not possible to institute any direct comparison 
between the specific gravities of hard and softened 
steel. In reply to a question of Mr. Robinson's, he 
said that Chernoff certainly spoke of cast steel cast- 
ings annealed being as ductile as forgings, but this 
was not his own experience at all. He added 
also that the method of casting ingots under steam 
pressure was really due to the Terrenoire Works and 
not to America, and that it had been in actual use 
at Terrenoire for a considerable time, 

The two papers on the list for Friday night were 
Mr. Siaey Data’ on ‘* Water Pressure Engines 
for Mining Purposes,” and Dr. John Hopkinson’s 
second paper on ‘Electric Lighting.” Both were 
read, but the hour at which the latter came on put 
discussion on it out of the question, while the fact 
that many members were specially anxious to hear 
it was apparently the cause of the very poor dis- 
cussion which took place on Mr. Davey’s paper. 

Mr. Charles awhile opened the latter by a few 
remarks on the great advantages possessed by hy- 
draulic machinery for mining pur in that it 
could not be drowned out; hydraulic engines had 
sometimes worked for months under water, quite out 
of reach, where of course a steam engine would 
have been perfectly useless. 

Mr. R. H. Tweddell instanced as perhaps the 
* essence of simplicity” an amusing patent which he 
had unearthed, taken out in 1662 by Toogood and 
Hayes, for raising water by means of sponges! He 
asked the author whether his remarks as to rotary 
hydraulic engines were to be taken also as apply- 


ing to rotative engines, such as Brotherhood’s or 
Hastie’s. The former had only a single valve, and 
if it worked as well it seemed certainly simpler. It 
worked excellently with an accumulator pressure, 
and he saw no reason why it should not do equally 
well with the head due to a column. He had 
found in some cases that the efficiency of a three- 
cylinder hydraulic engine working a capstan had 
come out as high as 73 per cent. the case of the 
arrangement shown in one of the diagrams exhibited, 
he did not understand the use of the accumulator at 
all; it appeared to act as a regulator, and not to serve 
the proper purpose of an accumulator, viz., to meet 
a sudden demand for power. He had himself tried 
an ent of valve like that used by Mr. 
Davey on the winding engine, and had not found it 
a success, although he believed it had worked well 
in America; he preferred to stick to leather as far 
as possible, He experienced considerable doubts as 
to the practical value, from an economical point of 
view, of arrangements such as Mr. Hastie’s; there 
were in fact very few cases in which the game was 
worth the candle. 

Professor Kennedy had had frequent reason to 
know the value of the Brotherhood engine, but 
thought that in comparing it with such a machine as 
Mr, Davey’s it was a mistake to compare the valves 
only, as to their complexity, The three-cylinder 
engine had three pistons and three connecting rods 
and a shaft with its bearing, besides an outside 
crank and connecting rod for driving the pump, to 
put against the single hydraulic cylinder and direct 
connexion proposed by Mr. Davey. In mining 
work, where not only was the machinery in ver 
unskilled hands and subject to exceptionally roug 
usage, but was also liable to be drowned altogether, 
he thought that the simplicity of the direct-acting 
arrangement gave it a very great practical advan- 
tage. He would prefer to accept the simpler engine 
and the more complex system of valves, with what 
he knew as to the way in which they worked, rather 
than the simpler valve coupléd with an engine 
having so many more rubbing and bearing parts, 
He thought some special recognition was due to the 
author for the open way in which he had put before 
the Institution so many details as to what was 
known to be his really successful work, 

Mr. Crampton thought that air vessels, if they 
could be applied to these engines, would effect a 
great improvement, Mr. Lightfoot had come to 
the conclusion, in such a case as described by the 
author as occurring at the Griff Colliery, that it was 
more economical to use steam than hydraulic water, 
chiefly on account of the expense of pipes, He did 
not think there was anything startlingly novel in 
the valves, but probably they were as good a modi- 
fication of existing valves as could be used. 

In replying Mr. Davey said that he adopted his 
form of valve after much experience with slide 
valves, especially with the dirty water found in 
mining operations. He had tried many materials 
for slides, and after many trials had found it best, 
when a slide had to be employed, to use a lignum- 
vite valve working on a brass face, As to his 
arrangement of valves he did not claim in con- 
nexion with it any further novelty than that of 
arranging the exhaust and the pressure valves so 
that they should work automatically without the 
possibility of slip. In reference to Mr, Lightfoot’s 
remarks he pointed out that the heat from 
steam pipes was not only often very disagreeable 
in confined workings, but sometimes was sufficient 
to bring down the roof and do other damage, In 
answer to Mr, pee som he said it was very seldom 
that space could be found for air vessels, especiall 
in the case of engines made portable, and when left 
underground they were seldom attended to, and were 
not charged with air, so that really one would often 
prefer not to use them at all, even where it was 

ossible to do so. In concluding he read part of a 
etter sent by the Griff Colliery to the secretary of 
the Institution speaking in strong terms as to the 
successful working of one of the engines described in 
the paper. 


CONTINUOUS RAILWAY BRAKES. 

In a recent article (vide ENGINEERING, page 227 
ante) we referred to the unsatisfactory nature of 
the returns made to the Board of Trade by the 
various railway companies, on the working of con- 
tinuous brakes, and we pointed out “the absolute 
necessity of some important modifications in the 
nature of the returns if they are to be of any 
service as a mode of com n, or as affording 








an actual means of appreciating the value of any 
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articular system.” The last report was a striking 
illustration of the deficiency in the rm quirements 
of the Board of Trade from the railway compani-s. 
Several of the returns recorded scores of so-called 
failures, which were entirely independent of any 
defect in the brake ; some returns were meagre in 
the extreme, and one or two returned no failures 
at all of systems against which other railway com- 
panies brought long lists of allegations. With this 
experience the Board of Trade had two alternatives 
open to them, either ig tors allow their 
half-yearly returns, being absolutely useless, gra- 
dually to cease to exist, or they could impose, 
under the powers of their Act, more clearly defined 
requirements on the different companies. We 
are glad to see that the Board has chosen this latter 
course, and has issued a circular specifying the points 
upon which they will require further and more 
definite information, and of such a nature as will 
afford a means of comparison by its uniformity and 
precision. The Board of Trade particularly desires 
that this information should “ be limited to and 
include all instances in which the safety of the 
trains is concerned, and thus serve practically to 
illustrate the relative efficiency of the brakes in 
railway working.” In order to arrive at this very 
desirable result, the Board of Trade requires that 
in all future returns the irformation supplied as to 
failures shall be limited ‘to all instances: 1. Of 
failure or partial failure of the continuous brakes to 
act when required in case of an accident to a train, 
or a collision between trains being imminent. 2. 
Failure or partial failure of the continuous brakes to 
act when required under ordinary circumstances to 
stop a train in obedience to fixed signals, 3. Delay 
in the working of trains in consequence of defects in, 
or improper action of the continuous brakes; dis- 
tinguishing whether they arose from neglect and 
inexperience of servants, or failure of machinery or 
material. ‘To this last cause it would have been of 
great value to have added the demand for informa- 
tion as to whether such failure of machinery or ma- 
terial involved adjustment or renewal, before the 
brake was again in working order, in other words, 
whether it was a temporary inconvenience or a vital 
disorganisation. Thus, for instance, the freezin 
up of a triple valve or the tearing of a vacuum sac 
are both failures, but of a widely different nature, 
and involving very different results. 

If the various railway companies comply fully 
with the new requirements of the Board of Trade, 
a very different and far more interesting report will 
be issued for the current half-year, and one which 
will have a high value in enabling a judgment to be 
formed on the relative efficiency of the different 
systems. At the same time it can be neither com- 
plete nor exact, for it must be borne in mind that 
the accounts of similar casualties, made by different 
individuals, must necessarily vary widely, and be 
tinged with the colour of favourable or unfavourable 
prejudice, 


ROYAL SOCIETY CONVERSAZIONE. 

ANOTHER of those annual gatherings which are 
looked forward to with so much interest in the 
scientific world, took place at Burlington House on 
Wednesday evening last, when Mr. Spottiswoode, 
the President of the Royal Society, entertained a 
large number of distinguished guests. 

As is usual on such occasions the tables in the 
principal cae and other reception rooms, were 
covered with objects of scientific interest, but we 
cannot say that either in importance or in novelty, 
the collection contributed on Wednesday evening 
was equal to the average of its predecessors, 

What was probably the newest object to most of 
those present was Téppler’s induction electrical ma- 
chine, exhibited by the President. This beautiful 
and extraordinarily powerful instrument may be 
calleda modified Holtz machine with 20 plates, but it 
differs from the ordinary compound Holtz machine in 
several important points of construétion, but chiefly 
—and herein lies its special feature of novelty—in 
being independent in its action upon any supple- 
mentary initial charge, as it is provided with two 
‘replenishers,” one at each end of the spindle, to 
which all the ebonite discs are attached, and which, 
the moment after the commencement of rotation, 
accumulate an initial charge from which the 

owerful effects of the machine are developed. 

hese accumulators are identical in principle with 
the replenisher of Sir William Thomson,* but 
as the inductors consist of flat segmental plates 


* See ENGINEERING, vol. xxiii., p. 319, 











instead of surfaces of cylindrical curvature, their 
form more resembles the induction machine of Mr. 
Varley. The discharge between the terminals of 
this machine is extraordinary in its quantity, con- 
sisting of a thick bundle of sparks, giving to the dis- 
charge the appearance of a rope constructed of 
electric sparks. From the continuous self-charging 
character of this machine it is much more independent 
of dryness of the atmosphere than Holtz machines 
of the ordinary construction, and for that reason 
does not require to be enclosed in an air-tight case 
asin the fine six-plate machine exhibited by Mr. 
Ladd, and which was producing little thunderstorms 
in another room all through the evening. Mr. 
Ladd also showed a small Gramme machine, the 
field magnets of which are of circular form, and 
which was capable of rendering incandescent a 
a thick platinum wire upwards of 18 in. in length. 

A most ingenious surveying instrument to which 
the inventor has given the name Temnograph (or 
section drawer) was exhibited by Mr. A. M. Rymer- 
Jones, C.E, This apparatus is an integrating 
wheel-pedometer, which if rolled over a piece of 
country not only measures and records with 
extreme accuracy on a sheet of continuous paper 
the horizontal distance traversed, but by an inte- 
grating apparatus actuated by a heavy pendulum— 
which always hangs in a vertical position whether 
the path over which the apparatus is wheeled 
be level or inclined—a ont is caused to trace 
out to any usually employed scale the section line 
of the path traversed from which all the levels 
may be obtained by direct measurement from the 
datum line which is simultaneously drawn by a 
second pencil, The integrating gearing by which 
the Paper is always moved beneath the pencils at 
a speed whichis variable under variations of the in- 
clination of the ground, so as to record the true 
horizontal distance travelled, is most ingenious, but 
although the construction of the instrument is in 
the highest degree simple, it would require the aid 
of drawings to be clearly described, and we intend 
on an early occasion to describe Mr. Rymer-Jones's 
Temnograph in detail. 

Messrs. Bryan Donkin and Co. contributed a 
thermograph for continuously registering changes 
of temperature on a sheet of paper, which they have 
lately applied for recording the temperature of the 
condensing water in the condensers of marine 
engines, but which is applicable in a variety of situa- 
tions. Theactuatinginstrument by which the tracing 
pen is displaced under variations of temperature 
consists of one of M. Bourdon’s twisted sealed tubes 
filled with alcohol, the expansion and contraction of 
which can only be possible by an alteration of the 
capacity of the torsion tube, and therefore by the 
rotation of its free end to which the recording pen 
lever is attached. ‘The paper is moved continuously 
beneath the pen by means of a clock, and time is 
recorded on the datum line by the periodical and 
momentary lifting of the datum pen from the paper 
at intervals of five minutes, or at whatever longer 
or shorter intervals may be required for any 
special application. We may remind our readers 
that a very similar recording instrument in use in 
the meteorological observatory of Montsouris was 
exhibited in the Paris Exhibition of 1878, and was 
described at the time in these columns.* 

Mr, Severn showed an electrical warning com- 
pass, by which the captain may in his own cabin be 
warned, by the ringing of a bell, of the deviation of 
bis ship from her pape course, and which is 
quite portable and _ self-contained, uiring no 
electrical communication between the binnacle and 
the captain’s cabin, or wherever the detecting ap- 
paratus may be fixed. 

There were at the soirée the usual complement of 
microscopes, spectroscopes, and electrical testing 
apparatus, many of which have already been de- 
scribed in our columns, and to some others we shall 
refer on a future occasion. 








REMARKS ON CHERNOFF’S PAPERS ON 
STEEL.t+ 
By Mr. W1LL1AM ANDERSON, of Erith. 

Tue Russian age is so little understood in other 
countries, thatit is almost by accident that the labours of 
the many very able scientific men of Russia come to be 
known in Western Europe. Chernoff’s investigations are 
an example of such obscurity, alike discouraging to their 
author and a loss to the scientific world. 

In order that a true value may be set on Chernoff’, 
labours, it is necessary to explain that he has been fo, 


* See ENGINEERING, vol. xxvi. 








+ Paper read before the Institution of Mechanical Engi- 
neers. 





some years assistant-manager of the Abouchoff Steel 
Works, near St. Petersburg; and that before he was 
raised to his present position, he was more particularly 
connected with the forge, the Bessemer process, and other 
operations of the + establishment he now so ably assists 
in directing. It is important to note that the Abouchoff 
Works stand supreme in the world as regards the variety 
of the processes there carried on. Under the able and 
en c ment of the director, Captain Kolokoltzoff, 
of the Imperial Navy, the Abouchoff Works have deve- 
loped from comparatively small pape to their present 
magnitude ; from an establishment in which puddled steel 
was melted in crucibles and cast into relatively small masses, 
to great works, making use of every modern method of 
steel manufacture. 

In addition to the old casting house with nearly 2000 
crucibles, the Siemens crucible furnace, the Bessemer con- 
verter, and lastly the Siemens-Martin open-hearth furnace 
and the Whitworth fiuid-compressed steel processes, are all 
tw beseen in operation. The forge has a dead-weight 50- 
ton steam hammer, a 15-ton hammer, and a whole array of 
smaller hammers. There is a tyre mill, and there are ex- 
tensive workshops for the manufacture of ordnance of 
every calibreand of their projectiles, for the production of 
the heaviest a in ~ 4 — for ona or 
war purposes, for the making o' -carriages, for crucible 
manufacture, &c. Lastly, in order that the work may be 
carried on in a scientific manner and on assured principles, 
the establishment is provided with an admirable laboratory, 
with one of Kirkaldy’s testing machines, and with every 
appliance necessary for investigating the nature and pro- 
ae of the metal which forms the staple product of the 


place. 

With the opportunities which the Abouchoff Works 
—— and with the aid and encouragement of Captain 

olokoltzoff, seconded by his own remarkable talents and 
indefatigable industry, it is not surprising that Chernoff 
should have produ a series of papers, addressed to the 
Imperial Russian Technical Society, which have thrown a 
strong light upon the theoretical as well as upon the prac- 
tical aspects of the steel question. 

Chernoff has another important claim to consideration, 
which is, that he is perfectly unhampered by trade jea- 
lousies and trade secrets. So far from being able in any 
way to derive benefit from keeping his own counsel, his re- 
putation in his profession will be increased by making his 
work as public as possible, and by drawing aside the veil 
that some manufacturers have studiously wrapped about 
gy oor ially breech 

gain, the manufacture of guns, especially breech- 
eng | guns of heavy calibre, presents exceptional advan- 
tages for ascertaining the internal structure of the steel 
produced. The bore of the gun is cut out of the solid by 
means of crown cutters, which gives the opportunity of 
obtaining samples of the centres of the — The per- 
foration of the slot through which the breeck-block works, 
enables samples to be obtained at every point in a radial 
direction ; and the surface tool work exposes the outer 
portions of the mass to the observer. The strengthening 
rings and hollow projectiles, in like manner, give great 
facilities for observing the structure assumed by the metal 
under various conditions both of form and dimensions. 

Chernoff’s first paper of note was read in 1868, but did 
not come under the writer’s notice till 1876. He was then so 
struck by its merits that he translated it, and distributed 
the few copies that were printed, at first among his friends, 
and afterwards to many strangers interested in steel manu- 
facture, who applied for copies as soon as the paper became 
widely known through notices in the professional journals. 
In this paper Chernoff first lays down the proposition that 
steel is a combination of pure iron and carbon; and that 
all other substances must be regarded as impurities more 
or less pernicious, although the introduction of an extra- 
neous substance may, in some cases, actually have a bene- 
ficial effect by neutralising the injurious action of some 
other substance. He next broaches the theory that steel 
changes its properties as its temperature ranges from zero 
to its melting point ; that up to some temperature a steel 
will not en; tbat it may be further raised toa higher 
temperature b without undergoing any molecular change ; 
that between temperature b and the melting point an 
amorphous structure is assumed ; and that in cooling from 
the melting point to temperature b the metal will crystallise 
according to laws which are well known as governing the 
crystallisation of alum and of similar salts. ‘The theory is 
supported by very clear reasoning, and by the evidence of 
practice on a large scale, and seems to explain perfectly all 
the phenomena of annealing. 

In 1876 a paper was read on “ Materials for the Study of 
the Bessemer Process’’* in which the author’s object is de- 
clared to be more to make the process unders and ap- 
preciated in Russia than to bring forward any facts pre- 
viously unknown. He remarks that, after twenty years of 
successful working in Western Europe and the United 
States, only two sets of apparatus had been set up in 
Russia, am | that of these two sets only one was in actual 
work ; and attributes this backwardness to a want of 
knowledge of the principles and practice of the process. 
The paper gives a number of interesting analyses made at 
the Abouchoff Works and elsewhere, and institutes a com- 
parison as to the dimensions of apparatus, quantity of air 
required, and other details, in different countries and for 
various qualities of iron. 

In 1 appeared the paper on “ The Structure of Cast- 
Steel Ingots,”’ which the writer has translated, and which 
is now in the hands of the members (Proceedings 1830, 

152). This paper dwells in the first instance on the de- 
ects met with in steel castings, and investigates their 
origin; next the means by which they may be obviated or 
corrected are di ; and finally, the question as to 





* Translated in extenso in the Metallurgical Review, 
New York, 1878, p. 457. 
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whether steel castings need forging, or other modes of 
working, in order to give them the tenacity which should be 
due to the chemical composition of the steel from which 
they are made. Tables of experiments are cited to show 
that with proper annealing, in conformity with the 
principles laid down in 1868, cast steel is fully as tough, 
tenacious, and ductile as the forged metal. 

One result of the investigation of the Research Committee 
on Steel has been to draw attention to the important part 
which occluded gases seem likely to play in any theory on 
the hardening and tempering of steel. In treating of the 
analysis of the gases escaping from the Bessemer converter, 
as given by Snelus and Tamm, Chernoff remarks on the 
total absence of hydrogen during the first three to five 
minutes of the process ; and explains the circumstance by 
supposing that the hydrogen, which arises from the de- 
composition of the moisture of the air blown in, is at first 
absorbed by the liquid iron ; but that in the course of a few 
minutes the metal becomes saturated with the gas, and 
consequently allows it afterwards to escape. This is con- 
firmed by a fact announced by Miller in a recent com- 
munication to the German Chemical Society, namely, that 
his analysis of the gases occluded in cast-s ingots 
showed that from 68 per cent. to 90 per cent. was composed 
of hydrogen, the remaining gases being nitrogen and car- 
bonic oxide, the latter in very small quantities. He esti- 
mates the pressure of the occluded gases at 8 atmospheres ; 
and this estimate meets with singular confirmation from a 
process now being introduced into the United States and 
into this country, namely that of causing steel ingots to set 
under steam pressure directly applied. In a paper read by 
Mr. Alfred Davis before the [ron and Steel Institute (Journal 
1879, p. 477) this process is. described, and the pressure re- 
quired is stated to range from 5 to 10 atmospheres. 

The astonishing rapidity with which hydrogen passes 
through red-hot steel, even against the pressure of the at- 
mosphere, has been demonstrated by Regnault. He con- 
nected a steel tube to a hydrogen-generating apparatus at 
one end, and to a barometer tube at the other; and after 
keeping the steel tube at a red heat for from 8 to 10 hours, 
with a stream of hydrogen passing through all the time, he 
suddenly shut off the gas, when in about 18 minutes a 
vacuum of 29 in. was indicated by the barometer gauge, 
the vacuum rising at a uniform rate. 

This power of diffusion seems to explain how under pres- 
sure, or other favourable mechanical conditions, the 
porosities in steel castings may be obliterated, without any 
obstacle being presented by the hydrogen or other gases 
imprisoned within them. 

‘The experiments made by Edison on the evolution of oc- 
cluded gases from platinum wire, with the consequent 
hardening of the metal, have led the writer to the theory 
that the hardening of steel may be due to the escape of hy- 
drogen or other occluded gases during the heating of the 
steel ; the sudden cooling in water or oil would then prevent 
their re-absorption, and so enable the particles of steel to 
approach more closely to each other, thus rendering the 
metal harder and more dense. 

But if this view be correct, the specific gravity of 
hardened steel should be greater than that of the same 
steel before hardening ; whereas it is well known that steel 
“‘swells,’’ and becomes more bulky when hardened, and 
its specific gravity decreases. Caron has given very 
precise information on this subject. The writer, however, 
considers that the observed reduction of specific gravity is 
only apparent, and not real; and is caused by the increase 
of volume due to the fact that the outer layers of the steel, 
which cool first, are unable to contract, and thus, becoming 
stretched beyond their elastic limits, receive a permanent 
elongation which the subsequent contraction of the inner 
portions is not competent to reduce. 

According to this view the strains in a piece of steel 
hardened ail over resembles those in a cast-steel ingot, as 
described by Chernoff. The outer layers are at first 
stretched, while the inner ones are compressed ; but when 
the steel is quite cold, the outer layers are compressed and 
the inner ones stretched. 

If, however, a piece of steel is hardened from one side only 
—for example by cooling it on a slab of cold iron having a thin 
stream of water running over it—the specific gravity will be 
found to have increased and not diminished ; and moreover 
the bar will have become concave on the hardened side, 
showing that it has there contracted, and has een nares f 
become more dense. This experiment the author has tried, 
and has thus been able to verify the statements of Regnault, 
that the specific gravity of hardened steel, when its 
particles are free from strain, is greater than that of the 
same steel before hardening. 

But the main difficulty surrounding the hardening and 
tempering of steel, is to account for the gradual softening as 
the hardened steel is slowly heated again. This difficulty 
har been sufficient to upset the theories of Jullien and 
others ; but the writer thinks that the new theory offers a 
ready explanation. As the hardened steel is heated, the 
pores are opened ; gas is again absorbed, and, when the 
tempered steel is again quenched, retains the molecules at 
that precise distance apart by which they were separa 
when the quenching began. 

The characteristic colours may also be explained by 
Supposing that the opening of the pores of the metal causes 
changes on the surface of the steel sufficient to account for 
the change of colour. The theory by which it is commonly 
sought to . these colours is that a film of oxide, 
forming on the surface of the steel, plays the same part as 
the thin surface of a soap-bubble, or as thin films of tar or 
oil floating on water. But, in the first place, thé colours 
exhibited by steel are not iridescent, but each degree of 
hardness is indicated by a uniform colour, and in the next 
place the hues produced by thin films are only observed in 
transparent bodies, and are caused by the interference of 
rays of light, reflected partly from the upper and partly 
from the lower surface of the films. But oxide of iron, 
however thin, is never known to be transparent. More- 


over, to produce a given tint, the thickness of the film 





must be some definite minimum quantity, or else an even 
multiple of that quantity ; but the colours characterising 
partic degrees of are constant, though pro- 
duced under the most varying conditions of time and 
hardening medium ; and it is difficult to conceive that the 
films should in all these cases always assume one of, the 
several definite thicknesses necessary to satisfy the theory. 
It therefore seems more probable that a change of surface 
takes place, and that the colours are due to diffraction rather 
than to interference. Mr. Hackney has suggested that the 
question might be settled by tempering in a reducing atmo- 
sphere, instead of in air; but such an experiment will not 
be conclusive, because the absence of the ordinary gases 
surrounding steel during the process of tempering may 
affect the surface of the metal. 

A new and most sensitive instrument for ascertaining the 
molecular condition of metals has lately been placed in the 
hands of metallurgists in Professor D. E. hes’ ‘‘ In- 
duction-Currents Balance.’’ A description of this instru- 
ment will be found in the Proceedings of the Royal Society 
for May, 1879 (vol. xxix., page 56). By its means it is 
possible to detect extremely minute changes of structure 
and to compare unknown specimens with any desired 
standards. In investigations connected with the molecular 
conditions of steel and other metals, chemical analysis 
is of comparatively little value, and is at best difficult, 
tedious, and costly to perform ; whereas Professor Hughes’ 
instrument appears to give the means of detecting not only 
chemical but also structural changes of very small amounts. 

The above remarks, which the writer has been led to 
make by way of comment upon Chernoff’s paper on the 
structure of cast-steel ingots, are intended to show the 
direction in which the inquiry into the hardening, temper- 
ing, and prey of steel, promoted by the Institution, is 
tending. It is of the utmost importance to elicit the opinions 
and to take advantage of the experience essed by many 
of the members; but the writer feels that much time and 
some expenditure of funds will be needed, before the 
changes undergone by steel in hardening and tempering are 
satisfactorily explained. 








TRAMWAY PERMANENT WAY. 
On Permanent Way for Street Tramways, with Special 
Reference to Steam Traction.* 
By Mr. J. D. Larsrn, of London. 

Ir we dismiss from consideration Mr. Train’s attempts 
in 1861, the failure of which arose from the unsuitable 
section of rail adopted, we may fairly say that the intro- 
duction of street tramways, so far as London is concerned, 
dates only from 1869. In that year three lines were autho- 
rised, viz., (1) the North Metropolitan Tramways, em- 
bracing the Whitechapel, Mile End, and Bow roads; (2) 
the Metropolitan Street Tramways for the Kennington, 
Brixton, and Clapham routes; and (3) the Pimlico, 
Peckham, and Greenwich Tramways, from Pimlico to 
Greenwich. The two latter companies, which had powers 
over some 25 miles of streets, have since been amalgamated, 
and are now known under the title of the London Tram- 
ways Company. 

Some idea of the success of tramways, and of the in- 
creasing estimation in which they are held by the public, 
may be formed from the fact that in nine years, up to 30th 


The extensive pa which tramways receive from 
the public (nearly 150 millions of being carried 
a by no means due to the superior 

tion of the vehicles, as is evid the fact that the 
business of the London General Omnibus ern pay con- 
trary to all expectation, is not adversely affected by them. 
In the author’s opinion their success is mainly due to the 
reduction in fares, and to the increased service, these two 
innovations having been sufficient to create a traffic which 

‘ore was non-existent. 

Street tramways are now so firmly established, and have 
proved so great a boon to the masses, that the opponents 
to the system, on the score of its spoiling the » are 
ry yr bay from their position. improvements 
in the facilities for inte ication in towns are 
of such vital importance to the industries which have 
created such towns, that the opposition of the few must in- 
evitably succumb to the rapidly increasing wants of the 


many. 
The objections to a tramway on a spe highway are 
being grappled with and overcome oue by one as experience 
is gained; and if ten years hence the best constructed 
tramway is as far superior to the best of the present day as 
this latter is to the original road of ten or more years ago, 
we 8 have so far progressed that opposition on the 
prone’ of interference with other interests will not be 
nable. 

The author’s present object is to point out some of the 
defects in the different systems of pomaest way for 
tramways, and some of the steps that have been taken to 
overcome them. It may be observed at starting that many 
lines in this and other countries have been unfairly handi- 
capped, by being called upon for duties they were never 
designed or constructed to ‘orm, notably in the matter 
of steam traction in lieu of horse power. Here, in addi- 
tion to the rails having to yl perhaps three times the 
load originally intended, all the tractive force is trans- 
ferred from the roadway to the rails ; and when it is con- 
sidered that this is an entirely new and very heavy duty, 
which these lines were never expected to perform, the only 
matter for surprise is that they should have stood so well. 
A tramway that would serve admirably for heavy horse 
traffic, ~ be so constructed that to use steam traction 
on it would be to destroy it immediately. An illustration 
may be found in the original way or track laid for the 
running of coal wagons, otherwise trams, whence the deri- 
vation of the word ‘‘tramway.’’ These tracks were made, 
and are so still in some places abroad, of hard wood scant- 
ling, about 4 in. square, faced with light flat bar iron spiked 
on. These do good service with horse or mule traction ; 
but to transfer the tractive force from the road to the 
rails themselves would insure their total failure. 

Early Systems of Laying Tramways.—The first form of 
rail used in London is shown in Fig. 1; it is the same as 
had —— used in anes and Birkenhead by 
Mr. George Hopkins. The method of construction was 
also the same, except that in London trenches for concrete, 
about 9 in. deep, were dug under the longitudinal s . 
as shown in Fig. 2. The Whitechapel section of the North 
Metropolitan Company, and the Brixton section of the 
London Tramways Company, were laid in this manner. 
The rails weighed 45 lb. to 48 lb. Co pr and were 
spiked to the longitudinal sleepers by vertical spikes, through 
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countersunk holes made in the bottom of the groove. The 
longitudi id in iron chairs, or shoes ; and 
the gauge was secured by 14 in. by # in. iron tie-rods, the 


greater portion of this was double line ; turned into length | ends of which were upset of a dovetail form, as shown in 


of single line it gives 124 miles 46 chains authorised, end 
107 miles 29 chains finished. These lines, necessitating a 
paid-up capital of as much as 1,326,054/., refer to the metro- 
politan district only. . 

The growth of the system has been no less widely de- 
veloped in the provinces. The total mileage of road for 
the United Kingdom was at the same date 346) miles 
authorised, and nearly 269 miles finished and in use. This, 
turned as before into length of — line, gives 526} 
miles, and 408} miles respectively, with a. paid-up capital 
of 4,035,4641. i 


* Paper read before the Institution of Mechanical Engineers. 











Fig. 3, and dropped into sockets of corresponding shape, 
| easton the shoes. There were many objections fo. these 

tie-rods : in the first place, the slightest variation in the 
| angle of the bevelled ends, or of the sockets, would affect 
| the gauge ; in the next place, after the road was finished 
the tie-rods would occasionally work up above the surface 
of the stones ; and last, but not least, in some instances it 
was found that when the pavior came upon a rod thatdid 
| not lie conveniently for a joint in the paving, he would, if 
he had an opportunity, solve the difficulty by lifting it out, 
dropping it into the bottom of the trench, and paving over 
it, in which position it was possibly quite as useful as in 
any other. In the reconstruction of some of the North 
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Metropolitan lines in 1877, the tie-bar shown in Fig. 4 
was substituted, which did away with many objections to 
the former system. In some author has used 
the forms of tie-rods shown in Figs. 5 and 6, that in Fig.5 
ey A — a bw | = Fig. 6 being eemely 
split, turned back, and punch or nails. Where 
- rail is mounted on a longitudinal timber 
a width not exceeding the rail, transverse 
sleepers should be used if ible instead of ties. At the 
same time it would be pity is Sealing wie » seat 
previously paved, and where the substratum under the 

is in good condition, to destroy this for the purpose of 
putting in cross sleepers ; and as a matter of fact it will 
generally be found that the municipal authorities will not 
allow it to be done. In all such cases the best practice is 
to increase the base of the longitudinal sleeper. 


however, 
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The original method of securing the rail to the sleeper, 
as shown in Fig. 1, was also very objectionable. The ver- 
tical countersunk-headed spikes were apt to work loose, 
and the water percolating through the hole in the rail, so 
softened the timber round the spike that it had no hold. 
In some instances the heads of the spikes would fly off, 
probably quite as much from the percussive action of the 
ordinary road traffic as from tbat of the tramcars. ,From 
these causes the vertical spike fastening proved wholly in- 
adequate as an effective method of securing the rails ; on 
lines so laid, after a few months’ work, loose rails were the 
rule and not the exception. Irrespective of the defect 
itself, this in wet weather formed so tan eyesore that it 
was an unanswerable ment in the hands of the oppo- 
nents to tramway extension. Each passing vehicle created 
a continuons line of little mud fountains, bespattering the 
po gee roadway and everything near it with slush and 
filth, while this same action was rapidly destroying the 
foundation and substructure. 

Again it will be seen that this section of rail, Fig. 1, is 
practically a flat bar of iron with a groove rolled in one 
side of it; its inherent weakness under a load will thus be 
evident. To obviate this defect the author had rails rolled 
with flanges about $ in. in depth depending from the under 
side of the rail on each side. This made a considerably 
stronger rail without increasing the sectional area ; and 
with this section tbe first portions of the Pimlico, Peck- 
ham, and Greenwich, and also of the London Streets 
Tramways, were laid. One part of these was laid with 
60 Ib. and another with 50 lb. rails, the two sections 
being as shown in Figs. 7 and 8. The author then pro- 
oeeal to deepen the flanges still further, but was met by the 
assertion that it was not possible in rolling the rails to get 
the metal down to fill so narrow a flange. y degrees, how- 
ever, they were deepened to an inch, and ultimately to 
1; in. 1} in., a large delivery of these latter being ac- 
companied by an intimation that the author could have 
them rolled toany depth hechose. The North Metropolitan 
Company are now using a rail with flanges full 1} in. deep 
on either side, as shown in Fig. 9. 

As soon as rails were obtained with depending flanges an 
inch in depth, the author commen the use of side 
fasteners, attaching the rail to the sleeper in the manner 
shown in Figs. 10 and 11, which are an elevation and 
section of what have since become known as “ Larsen’s 
rail and side fasteners.’ This system was bronght out in 
1871, and from that time has been the method of attach- 
ment universally used for this section of rail when mounted 
on wood sleepers, and in some instances when mounted on 
iron sleepers also. The flanges are rolled of a sufficient 
depth to enable holes to be pierced thtough them below the 
upper surface of the sleeper. The sleeper is rabbeted 
down on its upper edge, to fit accurately the underside of 
the rail, and the latter is then secured to it by means of a 
half staple. Of this the portion A, passing through the 
rail flange into the sleeper, is round, and the other part B 
lying against the rail and sleeper, is flat, of say ? in. 

in. section, and has a hole or holes punched in the end, 
or a nail or nails as may be desired. 

The introduction of this rail and fastener abolished com- 
pletely the old form of rail with vertieal spikes, and proved 
a marked improvement over forme. practice. The greater 
— of the London Streets Tramways, and the Pimlico, 

bam, and Greenwich Tramways were laid by the author 
on this method. 

This fastener has no tendency to draw the rail and 
sleeper into close contact. The author therefore designed 
a screw cramp, Fig. 12, to hold the rail and sleeper to- 
gether while fixing the side fasteners ; and found that with 
the aid of this tool a very sound and close attachment of 
rail and sleeper was obtainable. This tool was first used 
on the Greenwich lines, but so universally has it come into 
use that 1t may be seen wherever a tramway is being con- 


structed or repaired. 
Since these side fasteners were first introduced, man 
modifications of them have been attempted. Figs. 13 and 


14 represent a form designed by Mr. H. T. McNeale, and 
oer Rouen. The author iders this form a good 
one ; but unless considerable play be allowed to the pins 
of the fastener within the holes in the rails, trouble will 
be caused by the expansion and contraction of the rails 


der varying temperatures. 
The greater portion of the Pimlico, Peckham, and Green- 
wich lines were laid with transverse sleepers of the same 
section as the longitudinals—4in. by 6 in.—laid on the flat 














adopted after the section in Figs. 10 and 11 had actually 
been in use ; but so it is, and ‘the former section is even 
now down on one road, where steam traction is used. 
While such is the case, but little surprise need be felt if 
accounts of the success of steam power reached us 
from Paris. In this instance some at least, if not all, of 
the blame may be laid to the ent way. Even the 
section of steel rail, Fig. 17, is light to run locomotives 
over ; but the author was limited to 42 lb. per metre run. 
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and secured to the longitudinal 


sleeper by 
brackets, as shown in Fig. 15. The principal objection to 
these brackets is that they necessitate the cutting back of 
the side of the paving stones wherever they occur, to enable 
the upper surface of the stone to come close up to the rail. 


Hence the stone is more or pyramidal in form, and 
standing on its apex, is very liable to rock; the result is 
that every here and there there is a loose stone adjoinin 
the rail, giving an unsightly appearance to the road, an 
admitting water to percolate through to the foundation. 

: In Paris the author laid some iles of rails to the section 
in Fig. 16, which is still weaker than Fig 1, and perhaps 
ph yey Itimately inden tb Y seipal 
cal a , he w e munici 

authorities to use a rail of the section shown in Fig. 17 ; and 





these, in steel, are the rails now in use. It would scarecly 
ke supposed that the section in Fig. 16 would have been 
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One unavoidable element of weakness, on every road along 
which a tramway runs, lies in the fact that there is every- 
where a continuous unbroken joint between the rail and the 

itching, lying in a line with all the traffic of the highway. 
This has been the cause of one of the most irritating in- 
conveniences yet met with in connexion with street tram- 
ways, so far as they affect the ordinary traffic of the road. 
In spite of the greatest care in paving, the stones imme- 
diately adjoining the rail sink in sino, allowing the rail to 
peep up above the surface of the road. Now the slight 
sinking of one or a dozen stones from their normal level, in 
the middle of a wide paved street, is in itself of compara- 
tively little moment, and would only show a slight depres- 
sion in wet weather: but when a straight and level iron 
rail runs through the centre of such a depression, every 
carriage or vehi ing the spot, at aby angle short of 
a right angle, will be most unpleasantly skidded or swung 
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more or less out of its course. This occurs, however 
small the difference between the level of rail and stones 
may be, a din. being quite sufficient to constitute a grave 
‘ault. 
. Larsen’s improved System for Steam Traction,—The 
time has now come when tramways about to be constructed 
will have to be designed for the possible contingency of using 
steam traction on them, even where at present its use may 
not be contemplated. 

In view of this necessity the author in his latest practice 
has adopted the system of construction shown in Figs. 18 
and 19, which are an elevation and section of a rail and of 
a continuous wrought-iron girder sleeper. The rail is of 
the ordinary section known as Larsen’s rail, the side 
flanges being punched precisely as when first introduced 
for use with timber sleepers. This rail is secured to the 
top of the sleeper by a side fastener in the form of a hook- 
bolt B, having one end simply turned round at a right 
angle, and the other end screwed fora nut. Between the 
web of the rail and the central web of the sleeper there is 
a filling piece of cast iron C, made with a slot or groove 
downits outer side, in which the hook-bolt lies. The hook- 
bolt is first inserted through the rail flange from the inside ; 
this filling piece is then slipped up behind it, and a lock nut 
screwed on; and the rail is thus secured to the girder in a 
manner as rapid and easy of accomplishment as it is secure 
and effective. 

The baseplate D may be made as wide as desired ; but b 
making it wide enough to form a good broken joint wit 
the first paving sett, ample base area will be secured for 
the stability of the tramway rail, being in fact nearly three 
times that of the earlier systems. The continuity of the 
rail and sleeper is secured by making rail, sleeper, and base- 
plate all break joint. Fishplates are unnecessary, inas- 
much as the baseplate forms an effective fishplate for the 
girder sleeper, and this again for the rail; so that, due 
attention being given in first construction, a faulty or loose 
joint is impossible, unless the rail, girder, and baseplate 
should all be broken completely through. Loose joints at 
the ends of rails are common faults with the light sections 
used in Paris, and are due to the difficulty in fishing, and 
also to the fact of there being no concrete substratum. 

It will be seen that the paving, or road metalling, can be 
laid close to the rail throughout the whole length, there 
being no projection, however trifling, such as exists in the 
case where shoes or brackets are used. The advantage 
derived from having nothing projecting outside the rail is a 
substantial one ; the evils resulting from having to cut the 
under side of the stones have already been noticed, and are 
also dwelt ._~ by Mr. Robinson Souttar in a paper read 
before the Institution of Civil Engineers, when criti- 
cising the author’s side fasteners and the method of 
fastening them. Mr. Souttar proposes to remedy this 
defect by having the rail rolled with the flanges set back 
towards the centre fin. on each side, or by a distance 
equal to the thickness of the side fastener. ‘This method, 
however, practically makes the under side of the rail 
# in. less in width than the top. Now although it is 
very possible that this would make no great difference to 
the stability of the rail, nevertheless it is at least a step in 
the wrong direction. It is removing one evil by substituting 
another, perhaps a little less objectionable. Other con- 
ditions remaining equal, if the base of the rail could be 
made gin. wider than the top, a decided advantage would 
be gained. 

The wide baseplate in the author’s system keeps the 
paving alongside the rail quite sound, and prevents that 
deposit of mud and slush which is now so commonly seen 
on either side of the rail, and which is continually working 
down, and rotting or injuring the foundation of the road. 
Between the rail and sleeper a piece of tarred felt or similar 
material is inserted throvghout the whole length to give a 
little elasticity, and make a good joint. Iron bearing against 
iron is always objectionable, oases the pieces be rivetted 
together, as in the case of the baseplate, 

In the author’s opinion the arguments used in support of 
a timber longitudinal sleeper, on account of its superior 
elasticity, rest upon wrong premises. It has often been 
urged that all ae with railways has proved the 
superiority of an elastic over a non-elastic road, and that a 
tramway being really a railroad, the same necessity exists. 
A moment’s consideration will show the absurdity of the 
comparison. A railroad has frequently an engine weigh- 
ing 30 tons to 40 tons dashing over it at 50 or more miles 
per hour; while an excessive weight and speed on a tram- 
way would be 8 tons, and 8 miles per hour. Now assume 
the case of a completely non-elastic road, and on it a sharp 
inequality, such for instance as would be produced by the 
end of a rail being Suara up din. above the adjoining rail. 
Then the heavy and fast engine would either beat down the 
obstruction at one blow, or else would leap clean off the 
rails ; while the light and slow engine fer 4 pass it with a 
slight shock or jolt, and nothing more. The author holds 
on the contrary that a tramway should be more rigid 
than a railroad, for the reason that it should approximate, 
ay as may be, to the condition of the highway adjoin- 

The author’s system is particularly adapted for steam 
traction, as the girder sleeper most effec hes the 
rails, and a good junction of rail to rail is a sine qué non 
for be mechanical method of ha With the section 
of under consideration, and with timber sleepers, a 
good fishing of the rail ends is not easily accomplished ; and 
this is one of the weak points in most existing lines. The 
advantage of having no perishable material buried under- 
ground is so evident as to require no comment. When the 

require renewing, they alone will need to be disturbed ; 

the concrete, if good when first laid, willbe better twenty 
_— ofecwarie. 
igs. 20 and 21 show other rails and sleepers, differing in 
poser p fastenings, &c., but each embodyi the pany em 
tem of construction, namely, a continuous rai anda wrought 
iron or steel sleeper, with wide baseplate extending 


Barker’s System.—Figs. 22 and 23 represent the system 
of tramway construction introduced by Mr. B. Barker. 
This, like the author’s, has an exten base beneath the 
adjoining paving, but the sleepers are of cast iron, and are 
ey in shorter lengths. They are specified to be 
‘* of such lengths compared with the lengths of the wrought 
iron or steel rails as will insure the joint in the rails always 
occurring in one of the castings. Thus, if all the castings 
are 3 ft. in length, the rails may be 9 ft., 12 ft., 15 ft., 18 ft., 
21 ft., and 24ft. in length, and in this case a rail joint will 
always occur in the centre of a casting.” By this it ap- 
pears that 3ft. is considered a convenient length for the 
sleepers, and this would especially be the case on curves, 
since separate castings would otherwise have to be made 
for each radius. The use of cast iron, and the necessarily 
short lengths, are the only apparent objections to this 
otherwise excellent system. 

The section, Fig. 23, shows the method of securing the 
rail to the sleeper. The taper key or cotter A passes 
through a hole B, cast in the sleeper, and through a corre- 
sponding hole in the central web of the rail C. 

Gowan’s System.—Fi 
system. This consists of a simple flat-bottomed rail, with 
the web deep enough for the foot or base to reach below the 
paving, and with this foot rolled wide enough to constitute 
a foundation for the concrete or paving setts on either side 
of the rail. The web is perforated at intervals, which, in 
the case of a tramway laid in cement or concrete, enables 
the cement or concrete to be filled into the openings, 
thereby binding the whole together, and keeping the rails 
both in line and level. No method of fishing is shown, as 
it is obvious that with this section a most perfect junction 
of rail to rail can be easily obtained. Mr. Gowan describes 
several methods. The only apparent objections to this 
system are the great first cost due to the difficulties of 
manufacture, and the fact that when the rail surface is 
worn out the whole requires renewing. The rails seon by 


the perforations through the web drilled out ; consequently 
the cost for labour in manufacture could not but be le 
With — to the second objection, not only must the 
whole substructure be renewed, but the taking it up neces- 
sitates the disturbance of the concrete foundation in which 
it is imbedded. ‘ 

Aldred’s System.—Figs. 26 and 27 show the con- 
struction introduced by Mr. Aldred. The rail is made in 
two pieces, not rivetted together, but of such a form that, 
when keyed in the shoes A, they may be said to be dove- 
tailed together, the combination forming a reversible or 
double-headed rail. These rails require no punching or 
drilling of holes for fishing ; their peculiar shape enables 
them to be dropped into their place within the jaws of the 
shoe, and on the wooden key B being driven securely home 
they are firmly held in position. The rail is laid on timber 
cross sleepers, and is so far open to the objection of being 
laid on a perishable material; there is also no baseplate 
to support the adjacent paving stones. At each chair the 

aving stone on either side of the rail has to be cut or 

essed, the objection to which has been previously pointed 
out. Whether the advantage of a double-headed rail is 
sufficient to compensate for the extra weight of metal to 
be laid down in the first instance is a moot point. 
For railways, at all events, the double-headed rail is not 
looked upon so favourably now as it was some years ago. 

Winby’s System.—Figs. 28 and 29 represent Mr. 
Winby’s system. It is somewhat similar to Mr. Gowan’s, 
but some of the difficulties of making are successfully 

ppled with ; the base or foot is not so wide, the rail 

ing mounted on a baseplate. This system has also 
been used without a wide plate, the rail being laid 
on cross sleepers and spiked down with dog spikes, like 
an ordinary contractor’s road. The inner edge of the 
rail is rolled flat in the bar, as shown, and afterwards 
turned up while hot. This saves planing out the groove, 
but it may be a question whether it does not tend to 
weaken the rail in what is already a weak - It isa 
common cause of failure for a rail to split along the 
bottom of the groove, and this tendency is augmented by 
the action of the tramcar wheel. 
The flange of a tramcar wheel, having to travel con- 
tinually round s curves, becomes worn by friction 
against the sides of the ve in the rail to the shape 
shown in Fig. 30; while the tread of the wheel and the 
rail are also worn down, till the flange bears on the 
bottom of the groove. The flange then acts in a similar 
manner to a revolving cutter in a tube-cutting wrench, 
especially with chilled wheels. The author has taken up 
many rails split along inthis manner. To delay the opera- 
tion of this cause, the brake-blocks on tramcars are now 
made of iron, and so arranged as to bear on the flanges as 
well as on the treads of the wheels, and thus to wear the 
flanges down also; but if once the top of the rail is worn 
down in any part sufficiently to allow the flange to bottom 
the groove, a very short time suffices to destroy the rail 
in the manner indicated. 
Mackisson’s System.—Figs. $1 and 32 show one form of 
Mr. Mackisson’s construction. This consists of a cast- 
iron a ans Bos og" BAe y ers ong 4 be 

rincipal novelty being in the m of securing the 
{6 the oles r. Tt will be seen that the rail has a central 
web of a dovetail shape, which is secured in a groove cast 
in the sleeper, by means of keys driven at intervals along 
its length. Mr. Mackisson describes several other sections, 
and methods of fastening them to the sleeper, but the 

eneral construction is the same. In Figs. 31 and 32 the 
| ao A are dropped into the ve in the cast-iron sleeper, 
through slots B B cut in the m of the ve in the 
rail, and are then driven home with a drift. 
slot to drop the key through must, in the author’s 
opinion, weaken the rail in what is already its weakest 
part. Figs. 33 and 34 are different sections of reversible 

i arranged that the surfaces in and out of use are 


rails, so 
at right angles to each other or nearly so. The manufac- 


. 24 and 25 show Mr. Gowan’s | all 


the author had the grooves planed out of the solid, and | h 


long | received for the Techno! 


culty ; and with regard to the sleepers there is the objection 
before alluded  oeney that being in cast iron they are 


—— in sh " 
General Conclusions.—The author has now briefly 
noticed the latest methods of tramway construction, having 
for their object the removal of various defects indicated by 
experience, and also designed to meet the requirements of 
steam traction. There are ef other systems which are 
better known than those sel » but they do not so well 
meet these latter requirements, and therefore need not be 
dwelt upon. None of the methods described in this 
have been long enough in use as yet to enable a podem 0 
po poner Na be made of their merits. They all possess 
qualities in different directions, and no doubt will in 
each case be found to remedy some of the defects with 
which experience has made us acquainted. 

The author has throughout referred to steam alone as @ 
motive power for tramways ; and for the reason that ac- 
cording to our present knowledge it is the only available 
power. Comp air answers admirably in every way 
except one, but that one most effectually shuts it out from 
competitions with steam. Where compressed air is 
used as a motive power, cages om 1d in underground opera- 
tions, it has been found by experiment that the resultant 
efficiency of the working engine, as compared with the air- 
compressing engine, rarely exceeds 30 per cent. Conse- 
quently the difference in cost under the most favourable 
conditions, will be as 3 to 1 against compressed air. This 
difference is sufficient to justify us for the present in dis- 
carding the idea of compressed air, as a motor for tramway 
P The same objections apply to the hot water or 
fireless engine, invented by Dr. m, of America, thongh 
not perhaps to the same extent. Several modifications of 
this type have been tried with varying success. The chief 
reason that its use has not been extended is doubtless the 
financial difficulty ; and even with steam traction, it must 
first be satisfactorily demonstrated that it is cheaper than 
orse power, and it will then become poiely universal. 

At no very distant date, in the author’s opinion, horse 
tramways will be the exception and steam tramways the 
rule; and for this reason, amongst others, namely, the 
——s of steam as regards safety to the ordinary 
traffic. The author is aware that just the converse of thie 
is now urged by many persons ; but in this, as in every- 
thing else since the beginning of time, the majority of 
to-day becomes, by the spread of knowledge and the light 
of experience, the minority of to-morrow. 

The following is the —— net cost of the dif- 
— systems described, each taken per mile run of single 
ine: : 


£ 

Ordinary line, timber longitudinal and 

cross sleepers see od eos eee 1208 
Larsen’s system, wrought-iron sleepers, 

and baseplate Ke ois os oxo 1450 
Barker’s system, cast-iron sleepers... 1556 
Gowan’s system, wrought iron ove 1760 
Aldred’s system ve ooo a ove 1100 
Winby’s system. os ses oes 1550 
Mackisson’s system ... ove ‘ 1600 


With respect to the comparative cost of steam and horse 
power, the first has not been in operation long enough to 
give reliable and accurate data respecting the cost af 
maintenance of tramway engines; and moreover this is an 
item which, with improved permanent way and engines 
carefully designed, will be continually decreasing. The 
author believes that, if the roads had been better in the 
first instance, steam traction would have come more pro- 
minently to the fore than it has as yet ; but so many men 
of ability and experience are now devoting their energies 
to the solution of the problem of applying mechanical 
power to tramways, that its ultimate success is s 5 
According to Mr. D. K. Clark (Railway Machinery, 
1855), the resistance to traction on a railway may be as 
low as 6 lb. per ton. If this is the case, the haulage of 
tramcars over grovved rails can never be aceomplished at 
80 — a rate as those prevailing on railways. In 1870 
the author made a series of experiments on the New Cross 
tramways, using a dynamometer to register the resistance 
to traction ; and on a level and straight road in good con- 
dition, and under favourable circumstances, the resistance 
was as much as 18.2 lb. per ton, or about three times the 
force neeessary on a railway under similarly favourable 
conditions. 

This great difference in the traction on a tramway, as 
compeans with a railway, may be in some measure due to 
the build of the cars, inasmuch as they have a very short 
wheel base, and considerable overhanging weight at either 
end. Engines for tramways, especially the earlier ones, 
have also been made us with a short wheel base; but 
latterly they have been fitted with a — of small traili 
wheels, and with very good results. Doubtless some modi- 
fication in this direction will take place in the wheel base of 
the cars, anda d resistance to traction will probably 
then be observed. , 

The author has thus brought finally into view what, 
among the defects and objections admitted or supposed to 
exist in tramways, is the t of all, namely, the 
necessity of having a grooved rail, level with the surface of 
the . The ——_ of the highway however render 
this condition an absolute necessity, and all our energies 
must be devoted to minimising the inconveniences which it 
inevitably entails. 





TECHNOLOGICAL EXAMINATIONS.— The returns already 

logical Examinations of the Cit 
and Guilds Institute show that over 1100 candidates wil 
present themselves for examination at 80 centres. This is 
@ very large increase on last year, when only 202 were 
examined. The examinations are to be held on the even- 








underneath the adjoining paving. 


ture of such sections seems likely to present much diffi- 


ing of the 12th of May, concurrently with the examination 
of the Science and ‘Art Department on that evening. 
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THE FORM OF-RIVEITED JOINTS. 


First Report of the Committee of the Institution of Me- 
chanical Engineers. 
(Concluded from page 301.) 
‘a APPENDIX le pire pial 5 
Since the foregoing re was in , the Reporter 

been in correspondence wih Mr. R. V. J. Knight as to the 
experiments on lap joints made for him. It had occurred 
to the Reporter that the specimens were held in flat clips 
in Mr. Kirkaldy’s machine, in which they were tested ; and 
that when so held the coincident of the resultant stress 
with the centre line of the joint is not insured. It appears 
that some, if not all the specimens were in fact held in 
clips, but Mr. Knight appears to be still of opinion that 
the low tenacity observed in these experiments was caused 
by the form of the lap joints and not by the mode of fixing 
them inthe testing machine. To rm this opinion Mr. 


Knight very kindly carried out the following interesting 





experiments. 


Fig.7. 
































Twelve iron castings were made of the form shown in 
Fig. 12, four being cast together in one moulding box, with | 
the runners arranged as in ~_ 11. Some of the pieces 
were then bolted together as double-rivetted lap joints, 
others as double-rivetted butt joints. The holes for the 
bolts were drilled, and the bolts turned to fit. The nuts 
were screwed up by hand. The 1} in. hole in the ends for 
fixing the specimen in the testing machine was coned on 
each side, so as to leave } in. of ing at the centre of 
the plate. The pins for these were a loose fit. The butt 
joints had wrought-iron straps on each side, } in. thick. 
With the first two tons of stress, the lap joints took the | 
position shown in sketch, Fig. 13, which position they re- | 
tained till they broke. The results were as follows : 

1 Lap joint broke with 11 tons. 


let Moulding box ...... 1 Butt joist Defective. 
end i 1 Lap joint broke with 10% tons, 
- " 1 Butt joint * 24 ,, 
1 Lap joint ” 10 
ord {; Butt joint ee 204 
Mean breaking weight, Lap joints 10.46 tons. 
Butt , 20.62 ,, 


This shows conclusively that in these experiments the 
deviation of the resultant stress from the centre of figure 
of the section of fracture had caused a loss of about half 
the strength in the lap joints. Further, as these joints 
were held in the testing machine in a perfectly satisfactory 
manner, the loss of strength must be ascribed entirely to 
the form of the joint. 

The bolts were uninjured by the load. The cast iron was 
of first-class quality, grained but not hard. The frac- 
tures were without flaws. 

To gain some further informavior, the remaining pieces 
were bolted together in the form of single-rivetted lap 
joints. The results were as follows : 

Cast in Ist box 0) Broke with 7§ tons. 


” % ove eee (3) ” Ss 
Cast in 2nd box ere - (1) w & 
” ” one o0 @) * 

@ 88 


3) ” 
(1) Defective. 
(2) Broke with 7] ,, 
ee feel i 
Mean breaking weight . 8.12 tons. 


This shows a still ter loss of ‘srength than in the 
case of double-rive' jointe. 


Cast in 3rd box 


” ” 





Undonbtedly these results appear, at first sight, strongly 


to confirm the opinion that the form of the lap joint re- 
duces by 50 per cent. the strength of the metal of the 
joint, apart from the further loss due to the metal punched 
out to form the rivet holes. But it is so difficult to accept 
this result for ordinary wrought-iron joints, in face of the 
numerous experiments which show a much smaller loss, 
that the Reporter is unable to accept these experiments on 
cast iron as quite equivalent to experiments on wrought 


iron. b 

Wronght iron elongates considerably when strained be- 
yond the elastic limit, especially near the breaking point, 
while the elongation of cast iron is not much greater beyond 
than within the elastic limit. The inequality of the distri- 
bution of stress on the section of fracture, due to a given 
deviation of the position of the resultant stress from the 
centre of the section, is probably much less for wrought 
iron than for cast iron. Besides this, it must be remarked 
that the deviation of the line of resultant stress is propor- 
tionately as great for thin as for thick lap joints, and the 
reduction of strength which Mr. Knight has found in { in. 
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“ --* » as plates 


and 1 in. joints ought to be found also in joints } in. and 
4 in. thick. Within the elastic limit, at all events, the 
stress would be as unequal in thin as in thick joints, and it 
is not easy to see any reason why it should be different at 
rupture. But the experiments on thin joints are nume- 
rous, and exhibit no at reduction of the apparent 
tenacity of the metal, which can be attributed tothe form 
of the joints. 

Let P be the resultant stress on the section, and r the 


| distance of its point of application from the centre of the 
| section; let A be the area and Z the modulus of the sec- 


tion. Then so long as the limit of elasticity is not passed, 
the maximum stress is, 


Smax= P (x 3) 


The mean stress is 





wy . 
f=i 
Hence, the mean stress is less than the maximum in the 
ratio 
| a 
Smex 1+ Ar : 


If r is a constant fraction of the thickness ¢ of the plates, 
as mentioned above, this ratio is independent of the thick- 
ness, and the mean stress for a given maximum or break- 
ing stress would be the same, whether the plates were 
thick or thin. Now in Mr. Knight’s experiments on cast 
iron r= about }¢ for the double-bolted, and 4¢ for the 
single-bolted specimens. Then, putting 6 for the breadth 
of the specimen, 


Ar 6 bir 6r 
1+—= —= ae 
Z it bt + t 
=3 for the double-bolted, and 4 for the single-bolted joints. 
Hence, if the limit of elasticity had not n , the 


apparent tenacity should have been one-third the real 
b ing strength for the former and one-fourth for the 
latter. These ratios probably do not very widely differ 
from those actually found, for the real tenacity was pro- 
bably a little higher than the tenacity in the butt joints. 
Hence for cast iron the distribution of stress is nearly as 
unequal when the bar breaks as if the material were per- 
fectly elastic. 

In the above calculation it is assumed that there is no 
actual bending of the cast iron, which would sensibly alter 
the position of the resultant stress with relation to the 
section of the joint. {n other words, r is taken to be the 
same at fracture as before testing the specimen. This is 
nearly true for cast iron, but with ht-iron joints 
there is considerable bending, which alters the position of 





the resultant stress on the sections of fracture to an un- 
known extent. 
Apprenprx II. 


Memorandum of Suggestions as to Experiments to be 

undertaken on Rivetted Joints. 

The suggestions on which this memorandum is based 
were submitted to the Committee at their Glasgow meeting. 
It was there decided that the experiments should be re- 
stricted for the present to steel plates, and the Reporter 
was requested to modify the — in accordance with 
this decision. Professor Kennedy having offered to carry 
out for the Committee any experiments for which his 
machine is adapted, the Reporter was requested to consider 
the precise dimensions of the specimens which would be 
suitable for experiment. The limit of the breaking strength 
of the specimens is fixed at 45tons. Taking the ultimate 
strength of steel at 30 tons per square inch in tension 
and 24 tons in shear, the specimens should be so designed 
that the weakest section in tension should not exceed 
armas inch, and the weakest section in shear 1.8 square 
inch, , 

A review of past experiments reveals great discordance 


| || in results arrived at under conditions intended to be the 


same. 

These discordances may be due in some cases to real 
differences in the quality of the materials tested. Two 
oars from the same plate do not always break with 
the same load; and much more may plates of different 
make be expected to vary. Now as the object of experi- 
ments on rivetied joints is chiefly to determine the pro- 
portions of the joints, and only secondarily to determine 
the strength of different qualities of material, it would 
appear desirable for the Committee to select a very uniform 
quality of steel plate and steel rivet bar, and to use these 
alone in, at least, all the earlier experiments. The more 
uniform the quality, the fewer the experiments necessary 
to give a trustworthy average result. At a later stage 
it may be useful to experiment on the effect of rivetting 
in the case of inferior or more variable materials. 

For the purposes of these experiments it would seem 
desirable to have three thicknesses of plate, and the follow- 
ing are proposed : 4 in. § in., } in. 

The rivets would commonly vary for these plates from 
} in. to § in. in diameter. But as the proper size of rivet 
is one of the problems to be solved, it would be desirable to 
have steel rivet bars of 7; in., % in, iin., Hin., in, 
and 1; in. in diameter, for use in different experiments. 

To render any experiments made by the Committee com- 
parable with previous experiments, and useful as guides in 
designing, the absolute tenacity aad shearing strength of 
the steel must be known. Experiments should therefore 
be made on pieces of each thickness of plate, and on speci- 
mens of the rivet bars. 

Tenacity of Plates.—The specimens of plate should be 
of the form shown in Fig. 14, arranged so as to be held in 
the machine by pins, which are nearly equivalent to knife- 
edges. The method now often adopted of holding plates by 
friction, using wedges which grip the plate, appears to the 
Reporter to be essentially unreliable for plates wide in pro- 
portion to their thickness, although it may auswer very 
well for round or square bars. It is hardly possible that a 
wide plate held in these clips should be gripped so uniformly 
that the resultant stress passes through the centre of the 
part tested. Some specimens broken in clips of this kind 
were shown to the Reporter by Professor Kennedy, and 
am 4 appeared to have been subjected to flexure during the 

st. 


For uniformity the specimens might all be of the form 
hown in Fig. 14, the variable dimension 5 being made as 
follows : 

in. in. in. 
Thickness of plate ove 4 # $ 
Width (6) ... ove oe Igand4 2); and3$ 2% 

tons. tons. tons. 
Probable breaking weight 10and30 23and359 41 

There is considerable danger of the holding pins tearing 
out in specimens of this form, owing to the inequality of 
stress in the ends, especially in thin plates. If this occurs, 
it is better prevented by doubling the thickness at the ends, 
by rivetting an additional plate upon them, than by a 
greater enlargement of the ends. It would ew d be 
still better to rivet a plate on each side, so as to distribute 
the pressure on the pin more uniformly, and to diminish 
crushing. 

In some recent experiments of Mr. Knight on cast iron, 
the holes for the holding pins were coned on each side so as 
to insure the pressure coinciding with the centre of the 
plate. This is a desirable arrangement where it can be 
adopted ; but with steel it would probably be quite ineffec- 
tive, from the crushing of the plate round the pin. 

It would be useful to test the tenacity of the rivet steel, 
and for this purpose the specimens should be prepared as 
in Fig. 15, and to the following dimensions ; the thread to 
be Whitworth’s. 








| 
Diameter of Original Bar v1 a8 Ly 
1 “ . 
Dimension D ‘ ; I 
a 2 2 be 
F 12 ” eed 
4 i bd. et 
I 








hearing Resistance of Rivet Steel.—The Reporter has 
no information as to the best form of specimens for testin 
shearing resistance. Probably the experiments mention 
below, on butt joints with double covers, would be sufficient 
to determine the shearing resistance ; but oe experi- 
ments, if they can be ern for, would be desirable. 
Experiments on —s Mae, cial mene 
suggested by Previous Experiments.— Having secured im- 
munity from errors due to variation in quality of material, 





it must next be considered what special precautions require 
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to be taken in experiments on see the neglect 
of which in previous experiments has led to discordant re- 
sults. No doubt some of the discordances in past experi- 
ments must be attributed to errors in testing machinery, 
or to errors of measurement. In regard to the former no 
remark is necessary, but in regard to the latter it may be 
observed that the specimen should be measured before 
rivetting up. , 

As to the design of all specimens tested, one general rule 
must be observed. The centre line, drawn through the 
centres of the holding pins, must pass : 

a. Through the centre of figure of the weakest section of 
each plate and cover. 

b. Through the centre of figure of the aggregate rivet 
sections, or in butt joints, of the aggregate rivet sections 
on each side of the joint. 

If these conditions are not fulfilled, the strength of the 
joint is diminished by the irregular distribution of the 
stress. 

One more preliminary remark may be made. The ob- 
ject of experiments on complete rivetted joints is to deter- 
mine two limits of stress, viz., the tenacity of the plates 
and the shearing resistance of the rivets. When these are 
known for any given form of joint the design of the joint 
is a mere matter of algebra. i many previous sets of ex- 
periments only one of these limits has been ascertained, 
and then one of the constants necessary is undetermined. 
Now neither of these limits of stress will be sensibly altered 
in any given form of joint by small variations of the pitch 
or rivet diameter. Hence all joints should be designed in 
pairs, one being intended to give way by tearing and one by 
shearing. The excess of shearing resistance in the one, and 
of tensile resistance in the other, will not sensibly affect the 
stresses to be determined. 

Before, however, complete rivetted joints of any form can 
be designed, there are one or two preliminary questions to 
which an answer must be found; and experiments with 
reference to these naturally take precedence of experiments 
on complete joints. 

Influence of the Mode in which the Rivet Holes are made 
on the Tenacity of the Plates.—Numerous experiments 
have been made, showing a considerable loss of strength in 
punched pistes. and a small loss (sometimes a small gain) 
in drilled plates. These are so numerous that the Com- 
mittee may deem it unnecessary to repeat them ; but in 
one respect experiments of this kind have nm made im- 
perfectly. Generally a narrow strip of plate has been 
taken, and a single hole punched or drilled in it, and it has 
then been broken.in the testing machine. Probably, how- 
ever, the action of the punch is very different in the case of 
anarrow plate of this kind, which permits some lateral 
expansion, and in the case of a broad plate with a row of 
holes along its edge. Further, it is by no means certain 
that the strength of a specimen, such as a, Fig. 16, is the 
same as that of a strip with equal effective section, such as 
b. Papoeeie ss the large deformation which takes place in 
tough materials at the period of fracture, a sensibly diffe- 
rent distribution of stress might arise in these two cases 
from the different facility they present for lateral contrac- 
tion. If, therefore, the Committee think it worth while to 
experiment on this point, the specimens should be made to 
represent as perfectly as possible portions of a long joint. 
To secure this the specimens must be cut (1) from a plate 
which has had a row of holes formed by drilling or punch- 
ing at a distance corresponding to the pitch, (2) so as to 
leave a semi-hole in each edge of the specimen. Fig. 17 
gives a diagram of a set of specimens. For jin. and jin. 
plates the following would be the areas of the section of 
| Sop and the breaking weights at 30 tons per square 
inch. 

















Specimen Number .., oon wo 2 | 3 4 
| 
Section, square inches ... 7 To 1 
i in. plate { breaking weight,tons .... 7.5 15 22.5 30 
Section, square inches ,,, # 5 1} 1} 
fin. plate } Breaking weight, tons _. 11.25) 2250 33.75 45 





It may eventually be desirable to repeat these experiments 
with holes proportionate to the thickness of the plate. 
These experiments would have a special value in this 
case, over and above the determination of the loss due to 
penshing and drilling. They will enable the Committee to 
istinguish exactly between the loss due to this cause and 
the loss due to other causes, such as crushing and bending, 
in the experiments suggested below. Without a separate 
and accurate determination of each special source of injury 
to the strength of the plate, the determination of all of them 
becomes uncertain. 
Influence of the Crushing Pressure on the Tenacity of 
the Plates—The question whether the crushing action of 
the rivet on the plates seriously diminishes the strength 
of rivetted joints, when the intensity of crushing pressure 
is above a certain limit, has never been satisfactorily de- 
termined. Now the intensity of crushing pressure in- 
creases with the ratio of diameter of rivet to thickness of 
plates. It is therefore only necessary, in experimenting 
on this question, to design a series of joints with a given 
thickness of plate and with different rivet diameters. The 
tearing and shearing area shonld be nearly equal, as in 
actual joints; but as crushing action may affect the 
strength either of the plate or the rivets, two sets of joints 
should be prepared, one having an excess of shearing and 
the other of tearing resistance. 
ant the distribution of stress between rivet and plate is 
ifferent with different forms of joints, it would seem best 
° have a set of lap joints, which give the greatest inequality 
ree, and also a set of butt joints with double covers, 
which give the most uniform distribution of stress possible 
in actual joints. As exact information about crushirg pres- 
Sure is wanted, all the rivet holes should be drilled. The 
A I ped ben can then be ey determined. 
pune oles the 
and las dodiee experiments w: be much rougher 


The following Table of dimensions in inches (in accord- 
ance with Fig. 18) gives a scheme of experiments on joints 
in #in. plates. There would be four series of specimens : 
(1) lap joints to break by tearing ; (2) lap 
shearing ; (3) butt joints to break by 


joints to break by shearing : 


to break by 
gs (4) butt 





Diameter 
of Riv 
d. 


Thickness 
of Plate. 
t. 


7-33 Oe 
eri 














Width of Plate for One 
Ratio* Rivet. Pro- 
Se bable 
. Break- 
4 Tearing Shearing ing 
Series. Series. Weight 
tons. 
.78 50 75 2.6 
1.08 82 1,00 48 
1.56 1.50 2.00 10.6 
1.85 1.80 2.375 144 
2.15 2.25 3.125 19.2 
2.45 2.50 4. 24.0 











* fe = crushing stress. jf, = shearing stress per square inch. 


As the question involved in these experiments is really 
important, it would be desirable to repeat the experiments 


with joints of double the width and having two rivets. The 
scheme for these would then be : 











Width of Plate for Two 
Rivets. Pro- 
Se bable 
t d, S Break- 
is ing 
Tearing Shearing | Weight. 
Series. Series. 
tons. 
z a .78 1.00 1.50 5.2 
” 4 1,08 1.64 2.00 9.6 
” 1.56 3.00 4.00 21.2 
” j 1.85 3.60 4.75 28.8 
” 1 2,15 4.50 6.25 38.4 




















It would be useful in these experiments to scribe a line 
across the edges of the joints before beginning to load, and 
to attempt by this means to ascertain at what point slipping 


of the plates commenced, and what total amount of slippin 
occurred in consequence of the gradual crushing of plate an 


rivet. 


Influence of Bending Action on the Strength of the 
Joint.—An important question arises out of the experi- 
ments on thick lap joints, namely whether the ben ing 
action which occurs during the application of the | 
seriously diminishes the strength of the joint. Further, 
although it would seem, theoretically, that any loss from 


bending action must be proportionately the same for joints 
of different thicknesses, yet the ex 


iments which raise 


this question seem to show that the loss is much greater 


for thick plates. 


* 


To investigate this point, a series of joints precisely like 
those in Fig. 18 are required, one set being lap joints, the 


other set butt joints with double eovers. 


or 


the reasons 


given above, the holes should be drilled. The following 
scheme gives the dimensions of the joints, supposing one 


rivet in each joint : 

















Width . Plate for One 
ivet. 0b. 
Thickness of |Diameter of =. 
Plate, ¢. Rivet, d. Weight. 
Tearing Shearing 
Series. Series. 
in. in. tons. 
t 1 3 7.2 
i 14 2 10.6 
j 14 2 12.5 
3 1 1f 2} 19.0 














A similar set of joints 
following proportions : 


with two rivets would have the 





1 





dia Oh we ol 











Width of Plate for Two 
Rivets. 0. Probable 
Breaking 
Weight. 
Tearing Shearing 
Series. ries. 
in. in, tons 
22 6 14.4 
3 4 21.2 
3 4 25.0 
3} 43 88.0 








In ee above suggestions for the initial experi- 


ments, the 
which perfect; 


porter has tried to arrange experiments b 
definite questions should be put in eac 
case. With the enormous number of experiments 


dy 


made, it is almost useless making new experiments the con- 
ditions of which are complex or indefinite. It must be quite 


understood however that these are strictly prelimina: 
periments, and should be followed i 
forms of joint, desi i 


ordina’ 
limits of stress de 


by 
int preliminary 


in accordance with 
experiments. 


ex- 
ents on 
the 


Whenever those final experiments are undertaken, it will 


probably be n 


to 


have recourse to a testing machine 


ecessary 
giving a pull of 100 tons, at all events if the joints are of 
steel. 

The experiments here proposed, if carried out at all, 


should be 


proceeded oeype 
iments will afford data which will 
ing the exact proportions of the next set. 


wit Each 


iven above must be considered as simply first 
hone, fe be xyvieed by: Shese Whe pes in charge 
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THE DRAINAGE OF TORQUAY. 

Ar the meetin; g of the Institution of Civil Engineers, 
held i ong m4 t 4, wd ir the second poe +o was 
on ‘‘ The i i of Torquay,” by Mr. rge 
Chatterton, M.A., Assoc. M. Inst. OLB. 

The author stated that Torquay, on the northern shore 
of Torbay, had a population of about 30,000. Previous to 
1878 the sewage of the town was discharged into the bay 
by three outfalls, and was a nuisance at low water, and in 
hot weather. The main sewers were constantly closed at 
their outlets by the sea, which at high water flowed up a 
considerable way into the town; many of them were of 
insufficient wee, and the ventilation being defective, 
foul were driven into the houses. e scheme 
described was designed and carried out by Sir J. W. Bazal- 

ette, C.B., V.P. Inst. C.E. Its main features were a 

igh and a low-level system of sewers. The high-level 
sewer commenced near Tor Abbey, and had an outfall at 
Hope’s Nose, the eastern extremity of Torbay. The set 
of the tide at the point of outfall was from the bay at all 
times, and at present no se’ could enter the bay. The 
total length of the high level sewer was 17,030 ft., and it 
was 7 ft. in diameter for a length of 11,387 ft.; the fall 
was 1 in 1177; the level of the invert at the outfall was 
4.16 ft. below high water of spring tides. The quantity of 
water brought into the town daily was 600,000 gallons ; 
the dry-weather flow of the sewers was about 1,250,000 
gallons, the difference being caused by the streams, 
springs, and overflow of wells, which had been taken into 
the sewers. In constructing the high-level sewer, it was 
neces to drive three tunnels—at Waldon Hill, Meadfoot 
Hill, and Kilmorie Hill respectively. The Waldon Hill 
tunnel was in Devonian limestone ; it was 1550 ft. long, the 
size being 5ft. 6 in. by 4ft.; it was driven from two open 
faces, the average pro was 9.12 lineal feet per week 
from each face ; hand labour alone was employed, and the 
invert portion was lined with Portland cement concrete. 
The cost of the sewer completed was 11. 16s. per lineal 
foot. The Meadfoot tunnel was 4458 ft. long; the sewer 
was 7ft. in diameter. This tunnel was in limestone rock 
for the greater part of its length, but some of it was in soft 

und. Hand labour alone was employed ; it was driven 
rom four working shafts ; the ar P per week 
from each face was about 15ft. Where the ground was 
limestone it was lined with Portland cement concrete 9 in. 
thick, while the sewer in soft ground was formed of brick- 
work. The average cost per lineal foot for driving this 
tunnel was 11. 9s., and the total cost of completed sewer 
21. 10s. per lineal foot. 

A new roadway and sea-wall were constructed along the 
Meadfvot beach, with the sewer under the road. The 
sewer consisted of a single ring of brickwork surrounded 
with, and founded upon, lias lime concrete carried down to 
the solid rock. The sea-wall was 1900 ft. long, and was 
built of random-coursed limestone masonry, backed with 
rubble. The Kilmorie Hill tunnel was ft. long. The 
nature of the rock varied greatly; in some places it was 
an argillaceous siliceous grit, with bands of pure quartz, 
and extremely hard; in other places it was of a shaly com- 
position, while near the outfall it was limestone. The ad- 
vance per week by hard labour was so slow, that it was 
found necessary to introduce rock-boring machinery at the 
open face and atone shaft. The progress in feet per week 
was increased by using rock-boring machinery at the open 
face in the ratio of 2.33 to 1, and at the shaft in the ratio 
of 2.19 to 1. The cost per lineal foot was also increased, 
but not in acorresponding ratio. In rock drills were 
used, and the air was compressed by Sturgeon’s high-speed 
air compressors. Dynamite was found to be the most 
effective and economical explosive ; 11 tons of it were used 
without a single accident. There were thirteen ventilating 
shafts on ‘the high-level sewer. The flow of sewage was 
continuous, so that sewer gas was not generated to any- 
thing like the same extent as in tank sewers. There had 
been no deposit in the sewer. The low-level system re- 
ceived the sewage of about one-tenth of the population of 
Torquay ; the total length was 5184 ft. Surface water was 
kept out of this system as far as possible. The low-level 
sewage was lifted about 15 ft. by a water-pressure engine, 
with pumps in duplicate. The pumps were worked by a 
head of 250 ft. of water from the town main, and required 
no superintendence. 

A contract for the construction of the works was entered 
into in 1875, but in January, 1876, the contractors sus- 
pended bere having executed work to the value of 
about 1. On receiving fresh tenders the Local Board 
became alarmed ; the lowest tender was 75,0001. and this 
did not include the cost of extra work and other items, which 
would have involved a total outlay of 103,3271., while the 
engineer’s estimate for the same amounted to only 65,9001. 
Under these circumstances the Local Board, acting under 
the advice of Sir J. W. , determined not to accept 
any tender, but to execute the works themselves by ad- 
ministration. Mr. G. Phillips was appointed resident en- 
oe and the whole scheme was completed by August, 
878, or in two years and five months from the commence- 
ment of operations by the Local Board. The total cost of 
the scheme to the Local Board was 66,1451., a saving to the 
town of 37,1821. by not accepting the lowest tender. The 
cost of the Kilmorie tunnel was 14,358/., or 31. 2s. 11d. 
per lineal foot. Of this amount, the cost of the go 
was 74.53 per cent., of the trimming 15.98 per cent., 
of the lining 9.49 per cent. The rock-boring machinery 
cost 18951. The execution of the works had involved a rate 
of about 7d. in the pound on the present rateable value. 





NorrHeen or France Ratuway.—In order to Fa 
for its increasing traffic, the Northern of France way 
Company has during the last six months ordered 35 loco- 





motives and 3025 passenger carriages and trucks. The 
company has further expended 64,0001. in enlarging some 
of its stations. 
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FOREIGN AND COLONIAL NOTES, 

Petroleum as Fuel.—Some interesting experiments have 

zecently been made at the Fannie Furnace of the Wheeler 
Iron Company, West Middlesex, Mercer County, Penn- 
sylvania, the object being to test a device for utilising 
petroleum as fuel in blast furnaces, the first experiment of 
the kind made. The crude petroleum is injected into the 
furnace in connexion with hot blast and superheated steam. 
The chief obstacle in the way was the difficulty of injecting 
the fluid petroleum into the furnace against the pressure of 
the blast, but this difficulty has been overcome by an in- 
genious arrangement, by which the pressure of the atmo- 
sphere is made to do service. The quantity of oil consumed 
is said to be small in pate to the results produced, 
while the steam is heated — gas from the top of the 
furnace. The experiments have not thus far proved satis- 
factory in all details—a black cinder being produced, 
while the quantity of pig has fallen off. This is attributed 
to the fact that the arrangement for superheating the 
steam was insufficient. It is not in the item of cost that 
the chief advantage of the process is said to lie. The in- 
ventor claims that a large quantity of the sulphur, phos- 
phorus, and other impurities in the ore are eliminated in 
she furnace by the use of petroleum, and that asa superior 
quality of iron is secured, the gain in the quality will more 
than compensate for the increased costof manufacture. It 
is thought also that the capacity of a furnace may be in- 
ereased by using the process. Further experiments will, 
however, be necessary. 

The Hudson River Tunnel.—The original plan of this 
tunnel was to bore one shaft sufficiently wide for ‘a double 
railroad track, and high enough to admit of the passage of 
railroad cars. It was found necessary, however, to alter 
this, and now the tunnel is composed of two shafts, side 
by side, and strengthened as well as separated by a central 
partition. These tunnels will each contain a single railroad 
track, and will be 21 ft. in diamete:, which gives room for 
a director's palace coach, the tallest of railroad vehicles. As 
the excavators work, they are closely followed by men who 
line the shaft with plates of rivetted iron, and these in turn 
are followed by masons who construct the arched brickwork 
which forms the tunnel wall. Nearly 100 ft. of the perma- 
nant tunnel have been completed. 


Australian Railways.—Ten tenders were received 
recently at the South Australian engineer-in-chief’s office 
for the construction of sections 1 and 2 of the Terowie 
and Pichirichi Railway. That of Messrs. Keane and 
White was the lowest, the amount being 79,0971. The 
first section of this railway is 36} miles long, and extends 
from the township of Terowie to that of Orroroo, the total 


first, touching Gumbowie on the eastern boundary, thence 
through the hundreds of Yongala, Morgan, Blackrock 
Plains, and Walloway, in which last Orroroo is situated. 
At section 216 in the hundred of Yongala, 144 miles from 
Terowie or about 154 miles from the metropolis, a junction 
station will be built, where the railway from Port Pirie 
vid Jamestown will join the main trunk line, the distance 
from the seaport being 73} miles. The connecting link 
between the two systems is now in course of construction 
by Messrs. Moline, MacDermott, and Co. At the Yongala 
Junction station the break of gauge occurs between the 
5ft. 3in. and the 3ft. Gin. gauges, the broad gauge 
terminating on one side of a changing - platform, and 
the narrow gauge commencing on the other, so as to 
facilitate the transference of merchandise. The length of 
the wider gauge from Adelaide will be 139} miles, while 
that of the narrow gauge from Terowie to its junction 
with the Port Augusta line will be about 103 miles. 


Coal in Colorado.—In the southern part of La Plata 
County in the State of Colorado is an immense coalfield, 
which extends from the valley of the Rio Les Pinos to the 
south-east end of Ute Mountain. This field is in sandstones 
and shales of the cretaceous age, divided into the upper 
and lower measures, about 1000 ft. apart. The lower coal 
measure is in a zone of shaly sandstones, about 300 ft. 
thick, and the coal is intermixed with shales and other im- 
purities which render it worthless; but when separated 
from the shale it is of excellent quality for domestic use. 
This lower measure is underlaid \ a bed of a dark grey 
shale, containing caleareous seams and nodules called 
septaria. The La Plata coal bed is located ona bed of 
whitish sandstone. It extends from the east end of the 
county for over 60 miles, and is crossed by the Animas 
river. The thickness of the entire bed between the floor 
and the roof is over 50 ft., and the bed contains about 40 ft. 
thick of good coal free from shale. The floor, of greyish 
white sandstone, is covered with a thin layer of clay and 
clay shale varying from an inch or two to a thickness of 
2ft. Upon this is a layer of compact, firm coal, 6ft. to 
8 ft. thick ; then a layer of tough b shale, 1} ft. to 2 ft. 
thick, upon this is a bed of excellent coal over 30 ft. thick, 
with only small seams of shale at intervals of 4 ft. to 10 ft. 
The ‘roof is a tough, shaly sandstone, alternating with 
true shales for a distance of several hundred feet above the 
coal bed. In this overlying formation there are two or 
three small veins of coal, one of which is large enough for 
exploration. 


Australian Telegraphy.—A duplicate submarine cable 
was recently laid between Singapore and Java. The con- 
tract has now been finally completed by connecti 





distance of the terminus from Adelaide a nearly 176 
miles. The line will run through the huo of Terowie 





ecting 
Banjoewangie (Java) and Port Darwin (North Australia) 
with a second ¢able. Duplicate submarine communication, 


therefore, is now available between Australia and Singapore. 
The work has been carried out under the guarantee of a 
subsidy from the colonies of New South Wales and Victoria, 
which will make arrangements with the other colonies. In 
return for the subsidy, Government and press m es are 
to be carried at reduced rates. By having two cables in 
operation, the Eastern Extension, Australasia, and China 
Telegraph Company will be able to shorten very materially 
the time occupied in transmitting messages. 

Sugar Machinery.—Mr. E. Vincent is about to proceed 
from Queensland to England, to arrange for the introduc- 
tion of sugar machinery for small growers. 








Roor ConsTRUCTION IN THE MrppD.LE AcEs.—At the 
evening mem | of the Civil and Mechanical Engineers’ 
Society last week, a paper on the above subject was read 
by Mr. Charles H. Rew. He commenced by an explana- 
tion of the theory of Gothic architecture, according to 
which the roof is an arch or vault surmounted by a gable. 
The ey ge of the roof or arch from the plain 
cylindrical form through the various phases of groining 
down to an elaborate fan groining of the fifteenth century 
was explained, and the principal specimens in England 
and on the Continent described in detail. The author then 
proceeded to the consideration of the timber roof, treating 
this as the gable. The first principles of simple timber 
roofs were explained, and the constructive growth traced 
until roof carpentry culminated in such works as West- 
minster Hall and Hampton Court. The paper gave rise 
to an interesting discussion, in the course of which the 
President, Mr. William C. Street, said that he viewed a 
groined masonry vault as perfection for a sacred building, 
and feared it was the degeneracy of late Gothic architects 
that induced the use of florid ornamented timber roofs, 
which afterwards descended to the heavy tie-beams and 
flat ceilings which marred the effects of some of the finest 
buildings. With r to the timber gable it was con- 
oe burnt down, and occasioning damage to other 
valuable work, and however incongruous it might appear 
to some esthetic authorities, the hidden iron roof of 
Chartres Cathedral was manly and sensible, and being 
covered in the ordinary way it did not detract from the 
external beauty of that famous building while it effec- 
tually pro it from fire. Mr. Street also advocated 
the employment, where the roof members are hidden, «f 
steel. v. Payne, Mr. Valpy, Mr. Butler, and other 
members.having taken part in the discussion, the meeting 
adjourned till the 29th inst. It was announced that on 
that date the discussion on Mr. Love’s paper on “ Fracture 
of Cast Iron’’ would take , accompanied by polari- 
scopical, and microscopical illustrations. 
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JAPANESE METALLURGICAL 
PROCESSES.—No. IV. 
By Epuunp F. Monpy, F.C.S. 
CoprER—continued. 

Tue next copper works visited by the writer in 
this part of the country was the Kosawa branch of 
the Ani mines, situated about 57 miles distant 
from Osarisawa. 

It would be too great a di ion from our pre- 
sent purpose to give a detailed description of the 
country passed through in this and si journeys 
in going from mine to mine, nevertheless a brief 
account sufficient to show the general character of 
the country, and its roads and rivers available for 
transport purposes, will form a very n and 
useful adjunct to the special subject in hand, and at 
the same time may help to relieve the monotony 
which the detailed narration of a series of practical 
operations involves. 

Leaving Osarisawa, a good road with a gentle slope, 
and about two miles long, brings us to the town of 
Hanawa, and thus puts us on the main road connect- 
ing Morioka with the west coast, Continuing — 
this road for about five miles more, the writer turne 
off to the right up a most delightfully open and 
fertile valley ann the Kosaka silver mines. After 
afew days’ stay here he returned to the main road 
to continue his journey to Kosawa, joining it at the 
small village of Shintani, on the banks of the River 
Yonetsurngawa, which is here crossed in long and 
narrow boats cut out of trunks of trees. ‘These 
boats are about 40ft. long, 2} ft. wide, and 1} ft. 
deep, with flat bottoms and ends, and a good sweep- 
ing sheer from end to end, When in use they are 
trimmed so as to bring the bow. well out of the 
water, and thus present the flat bottom very 
obliquely to the surface. 

This is the kind of boat universally used for cross- 
ing rivers in the north, and they appear to answer 
the purpose of transporting passengers, and even 
pack-horses fairly laden, from one side to the other, 
though no one will doubt that a bridge thrown across 
would be a great improvement. For making long 
journeys down the rapid rivers the boats are made 
much wider, especially at the stern, so as to give 
room for men to scull by means of long flat oars ; 
such boats are used for conveying the produce of 
the interior to the coast, though little or nothing 
can be brought back on the return journeys, owing 
to the rapid current of the rivers. 

At Shintani the river has about completed a turn 
from north to west, and has received the drain- 
age of a large area on the north-west corner {of 
Rikuchiu, and from here the road follows pretty 
closely the course of the river, crossing and recross- 
ing it at one or two points, and passing through the 
towns of Matsuyama, Junisho, Ogida, and Odate, a 
distance of 174 miles. Thus far there is very little of 
special interest to notice. The road though very little 
more than a beaten track from town to town, no 
doubt serves the Japanese requirements for trans- 
port of goods better than the rapid and shallow river 
which runs by its side, owing to the almost total 
absence of hills; and there is little doubt that as far 
as Odate that greater part of the carrying trade with 
the interior is performed by pack-horse and two- 
wheeled carts along this and similar roads, many of 
which meet at the famous castle town of Odate, 
At Odate the conditions are changed; the river, 
already much increased in size, in passing along 
towards the coast is joined by a large number of 
streams on both sides, some of which are of good 
proportions, receiving the drainage of all the north 
part of Ugo. The river thus becomes more and 
more navigable, while the road, which continues 
along the northern bank of the river, becomes more 
difficult, for besides being hilly it is constantly in- 
tercepted by rivers large and small, flowing south- 
wards to join the Yonetsurngawa. These circum- 
stances have combined to give rise to an important 
river trade between Odate and the sea, and thence 
with the various ports of the empire, a condition 
which, in conjunction with the extensive river 
systems which abound more especially south of the 
Yonetsurngawa, has given unusual facilities for 
ae os from every important mining district over 
the whole of the north of Ugo. These facilities 
have contributed in no small degree to the successful 
working and development of these northern mines, 
which as a purely native mining undertaking, are 
second to none in Japan. 

As will be seen further on, the former owners of 
these Ani mines were fully alive to the advantages 
of the facilities which nature has thus afforded them, 





and have arranged their works accordingly. In an 
early issue we propose to publish a map of this dis- 
trict, showing the geographical location of the 
several towns, rivers, &c., to. 

In continuing the journey from Odate to Kosawa, 
the first 12} miles to the town of Takanosu is tra- 
versed by boat, which the greater portion of the 
distance is carried down the rapid current of the 
Yonetsurngawa at the rate of about 3} miles 
hour. There is no doubt that this first 12} miles 
from Odate is the most difficult part of the river, 
for soon after this it is joined by its main tribu- 
taries, while the increased width and lessened de- 
clivity of its bed combine to reduce its velocity. 

From Takanosu the next town on our way is 
Yonesawa, 10 miles distant. The road thither cuts 
across the end of one of the spurs of the mountains 
lying further inland, forming a hill about 350 ft. 
high, known as Iwa-no-saki. A considerable part of 
the road over the hill is lined with rows of tall pines, a 
pleasant and distinctive feature of many of the made 
roads in these northern provinces of Ja The 
land all round and on this hill is well cultivated and 
the scenery from the top is very pleasant. Soon 
after descending the hill we strike a good-sized 
river, the Anigawa, after crossing which in boats 
we land at Yonesawa. The road to Kosawa from 
here proceeds up the valley of the Anigawa, pass- 
ing through-Maedamura and Midzunasu on the way. 
On leaving Yonesawa the road, though following 
up the valley of the Anigawa, leaves the river to the 
left, so that it is not touched again until arrival at 
Maedamura, a distance of 63 miles, after which we 
keep close upon it and cross it three times before 
arrival at Midzunasu, five miles further on. The 
Anigawa is a rapid river, diminished considerably 
in size at Midzunasu, where it is little more than a 
stream. From Midzunasu we strike away from the 
river into the mountains, on the slope of which the 
office and works of Kosawa are situated at a distance 
of 33 miles from Midzunasu. 

The village of Kosawa is wholly devoted to the 
mining interests, both copper and lead being raised 
and smelted here, 

Kosawa is the largest and most important branch 
of the Ani mines, and it is here that the chief office 
is located. The Ani mines are situated in the 
Yamamoto Kori of the Akita Ken, and Kosawa is, as 
has already been shown, within easy reach of the 
town of Midzunasu on the River Anigawa, b 
means of which direct communication is had wit. 
the sea, as well as with the refining and other 
branches of the Ani mines and works. 

The ores raised here are mainly copper pyrites, 
but are accompanied by galena, zinc blende, mala- 
chite, and iron pyrites, together with small quantities 
of other sulphides of copper. The ores contain suffi- 
cient silver to pay for extraction, which operation 
is carried out at the refinery. 

The zine blende, of which may be seen some ex- 
cellent samples, is thrown away. Indeed, the 
officials of these Government works were not 
acquainted with the nature of this material, know- 
ing it only by the name of “‘yani,” the Japanese 
name for resin, a name probably sug; d to them 
by the lustre of the blende. ter the description 
which has been given of the Osarisawa Works, 
any detailed account of the operations carried out 
at these works will be unnecessary, 

The ore when it leaves the mine contains an 
average of 5 to 6.per cent. of copper. It is then 
pounded to a moderately fine powder, and subjected 
to a dressing tion in tanks of water. The 
tanks are sunk level with the ground in rows along 
the sides and middle of a long room enclosed in at 
the sides and top by a light framing of wood 
covered with light boarding, light being admitted 
through rectangular openings, barred across, round 
the sides. A constant current of water is kept 
running from end to end of each series of tanks, at 
each of which a woman works. The powdered ore 
is brought from the s and in a heap be- 
side each tank, from which the woman at the corre- 
sponding tank proceeds with the dressing, using a 
circular shallow dish about 2 ft. to 24 ft. in diameter 
and 3 in, to 4in. deep. Taking a small quantity, 
about mang mg she throws it into the dish, which 
she then hi with one hand just beneath the sur- 
face of the water in the tank, while with the other 
she spreads the ore over the bottom of the dish ; by 
this operation a deal of the light material is carried 
away by the current of water. The further re- 
moval of the gangue is effected by shaking the 


ore in the dish, and repeatedly throwing the heavy | kind 


portions with a jerk to one side, leaving the suc. 








cessively lig ter portions s out towards the 
opposite side. At each of these operations a small 
—— of the lightest material is swept out of the 

ish into the tank. In this way the ore is brought 
up to the required richness, and is then thrown to 
the opposite side of the tank, the heaps of dressed 
_ us formed being taken away to the roasting 

Ds. 

At the time of his visit the writer was told that the 
dressed ore contained about 18 per cent. of ym 
but that two or three years ago it only yielded 
10 to 12 per cent. of metal. It is very doubtful 
whether this high ing can be carried out in 
the way it is done here without much loss in the 
slimes, which as far as could be learned were treated 
only toa very slight extent, 

An assay of a sample of the slimes gave the 
amount of copper as 44 per cent. 

Ore Roasting.—This is conducted on the finely 
powdered dressed product, wet. Thekilns 
are exactly similar to those used at Osarisawa and 
already described; they are, however, somewhat 
smaller, and in single rows, not in steps. The ore 
at these works is only subjected to one epee 
the product being sorted and about one-fifth only 
returned to be re-roasted, The method of charging 
and conducting the operation is the same as that 
already described for Osarisawa. The charge con- 


sists of : 
Kuwamme. lb.’ 
Raw ore __... ese ie oo = 1666 
Insufficiently roasted ore from a 
former roasting ... ai od 538 = 441.5 
Total eee «oo §«=6»-- 853 = 2107.5 


Materials used in the operation: Wood, 160 
billets 20 in, long, or about 40 cubic feet; charcoal, 
-5 kuwamme (4.16 lb.); straw, 35 kuwamme 
(291.55 lb.) ; time of ore roasting, 15 days. There 
are four men employed at this work who work from 
6 A.M. to noon, 

An assay of a sample of the roasted ore gave the 
following : 


: Per cent. 
Copper ali $66 eee 17.34 
Iron ... * ine eal 31.18 
Sulphur bes ih 5.25 
Insoluble residue... 19.07 


Ore Smelting.—The furnaces used for this smelting 
are the ordi hood furnaces and in every parti- 
cular like those at Osarisawa; the cavity being 23 ft. 
long, 2 ft. wide, and 1§ ft. deep, giving about 7 or 8 
cubic feet capacity. A charge consists of 600 
kuwamme (4998 lb.) of roasted ore, the box holding 
this quantity of ore being 5} ft. square and 1} ft. 
deep, Work begins at one o'clock in the morning and 
continues until about three o’clock in the afternoon, 
thus giving about fourteen hours to work off the . 
—— and prepare the furnace for the next day’s 
work. 

The ch is added in two portions, the greater 
part of the slag from the first portion being removed 
before the addition of the rest. 

The average production of this smelting is: 


Kuwamme. lb. 

Copper eee eee eee eee 56.5 = 470.65 
us containing 55 per cent. 

copper oat pi eat 90.0 = 749.70 


In one smelting which was witnessed the products 
were: 


Kuwamme. lb. 

Copper ‘ah 60 = 416 

us nee ove 87 = 725 

Charcoal used is 185 = 1541 
Men employed 


There are four furnaces for this work, which are 
also used for the other smeltings, namely, regulus 
slag, and lead smeltings. ‘I'he blast is provided by 


two ordi Japanese box bellows, a description 
of which will be given further on. 
Assay of us from this smelting gave the 
following : 
Per cent. 
Copper eee . eee 64.24 
bag. gg ld o. 1600 
Sulphur ‘io. ai oe 17.15 
Insoluble residue ... small quantity. 


On the fractured surface of this regulus much dis- 
seminated copper is visible, while on the top, lines 
of copper are scattered in all directions, being pro- 
di y the reducing action of the moving globules 
* water which is thrown on to cool and solidify the 
es. 

Regulus Roasting.—The regulus obtained in the 
previous operation is next submitted to a series of 
three successive roastings in kilns of the ordinary 


The charge consists of 450 kuwamme (3748 Ib.) of 


BVABELIVICO 78 s80001d Sarpuodses100 943 YIM UOSTIed 
-uroo £q puv ‘yo0ms £[r00 poysvor st sn[n3e. oy} popta 
-oid A[a0 ‘Zatqi0M jo uvjd Areuipso oy} Jopun ons} 
0q [TM SIG], “peurergo oq 07 pozeys si sniBar ‘Aue 7 
‘apa L104 gnq ‘("q] 1903) oumvany $173 st Sayjours 
sq? ur peonposd seddoo jo yunowwe odvi10ae oy, 
‘Wad [ 98 
Sarqsiay puv ‘n'v [ 38 Sarouomuroo ‘soy ZT ynoqe 
‘qiom s,fep 4xou 04} 10} soovaany 093 Butsedoad 103 
peambes our, 043 471M 10930304 Zar4dnovo par ‘joo 
-aeqo Jo (‘q] JOZT) ommeVAnyY GPT ynoqe Zatumsu0s 
8930}8 OM} Ul YO payxIOM st OF1eGe OY], ‘sozeTNUT 
“NOO’ SHNFar FUOIO NS SB STeAII4UI 4B poyoNpuOD ATUO 
St uoKwiedo SIGy, “pexoNpaoo st ZuryJouUrs 910 oy} SB 
saovainy OUlvs OY} UI poy ‘Kem TeNsN oy} Ul pez[ouls 
qxeu st snjnZer jo (‘q] ShLE) ourUTeANy (GP 94} JO 
qonpoad paqsvos on ,,— "sunday pazsvony ay) Furppomy 
*os8d YORI UT 
enptsar ¢jqnjosurt jo AyrUenb peas v qyWM sJ9q}0T0} 

















oekt *  * amyding 

oct 0a 

ZUl9 ee wee aeddo , 

“4u00 10g “900 Jag 
‘eduig pig ‘esugpug  ‘a8u7g 4s] 

> 8}[NSII FarMojjoy 04} OAvT 

893e48 Furysvos oy} JO youve wosy o[durvs v jo shussy 
‘[BNSN SY OPIS FUOIJ 94} JO W10}}0q O49 9B Ba]0y 
om} yy ‘doop 43 ¢ pus ‘opm 43 ¢ 03°93 FH ‘Bu; 
"43 8 0} “43 4 O28 SUOTSUOMIp s104} ‘ pormbez uoym 
89U0 B1}xX9 OM} PUB ssed0Id STG} JOJ O8N UT soOwUINY 
OA[OM} CIV OIOUT, “SINOY XIs JNOGe UI SUTTY 9aI4} 049 

e31vqo oy ‘y10a O43 ut pafojdure ore uM eoZy, 
*qqyuo0Ul 
euo gnoqe Adnooo sZunsvor 99143 oy, ‘posn oa 
ysiqqniz pus Mviys JO 44310 penbs uv pus [eooruyo 
Jo (“q[ 8SG) ourmvANy [¢ ynoge s1q3 0} UORIPpE UT 
‘Baoj “a 0% Sayoq spoT]1q 04} ‘opr ‘ur OS paw *yFry 
‘44 ¢ ‘Buoy 43 OL ynoqe ond wv BZarws0oy ‘poom jo 
879T114 088 Furzy yous 10; sorinbes yorys ‘en[nZor mvs 


e"-4 
S671 





oe) 
Z 
4 
ia) 
re) 
Z 
<) 
Z 
tx) 

















































































































or 


Wad jo *[wo$ 





(‘ebog oj1s0ddo aa ‘uoujdisosag 40g) 
‘NOGNO'l ‘UGGNIONG ‘OHLVE “A ‘A “UN JO SNOISAC AHL KOUA ‘GVAHSALVO ‘ANVdKOO ANV ‘AVHSMVHO ‘SHAVH ‘SUSSAN Ad GALONULSNOD 


GNOCAVH AAHOVUUAOM AOA SAVAVA AAddOH WVALS 





ee ee et dedeieiitedenst.al 

















May 7, 1880.] 


ENGINEERING. 





355 





WOOLNOUGH AND DEHNE’S MOULDING MACHINE. 


CONSTRUCTED BY MESSRS. 





it will be seen that the aim at the Kosawa works 
is to produce a much more perfectly roasted product, 
both by an increased quantity of fuel and by giving 
one more roasting, than is done at Osarisawa. This 
may account for the non-production of regulus here. 
At the time of our visit this process was not in 
operation. 


Treatment of the Slags—This is the only other 
smelting operation carried on here and the fol- 
lowing statement concerning it is all that need 
be said of a process so simple as it is, 

The slag is well sorted and the rich portions, 
called karami, smelted in the usual manner, 


The charge consists of : 
’ Kuwamme. Ib. 
Karami (rich slag) ... ... 800 = 2500 
Charcoal consumed ... ws . 100= 833 
Products, copper direct ove eee = 58 
+ rom us l= 8.3 


Time occupied is 11 hours from 1 a.m. until noon. 
24 men are employed in the treatment of the slags. 
As already stated, 4 small quantity of lead ore is 
raised here. This is smelted as often as circumstances 
permit. We shall refer to this process later on, 





WOOLNOUGH AND DEHNE’S MOULDING 
MACHINE, 


We give on the present page engravings of Wool- 
nough and Dehne’s patent moulding machine, which is 
now being made by Messrs. Samuelson and Co., of Ban- 
bury. In our illustrations, Fig. 1 is a general view of 
the machine, the pattern plate being raised from the box. 
Fig. 2 is a side elevation of one of the pair of standards ; 
Fig. 3 is a horizontal section through the standards at 
A B, showing the wormwheel and wormshaft for raising 
the pattern; and Fig. 4 is a section through one of the 
bearings and caps fixed on the top of the wormshaft. 
This cap carries one of the journals of the pattern plate, 
the other end being carried in a manner by the 
opposite standard; this section also shows the means 
taken for protecting the journals and shaft from the 
sand, and the set screw for holding the pattern plate in a 
fixed position when desired. 

In Fig. 2, A is one of the standards, and B the worm- 
shaft, which slides up and down in it. On the top of the 
shaft B is fixed a bearing C, which carries one end of the 
pattern plate, as before mentivned, and on C is fixed a tube 
D, which fits loosely round the top part of the standard A; 
as shown, and slides up and down with the wormshaft B, 
and so protects it from sand and dirt; further, a screw 
gland E is fitted to the top of the standard to prevent 
any sand getting to the worm and wormwheel F, which 
is also protected by the cover G. 

The wormwheel F is keyed on a horizontal shaft H, 
and to one end of this shaft is fixed the raising handle or 
lever I; the other end of this shaft the 
wormwheel in the opposite standard, giving motion to it 
by means of a feather, not shown in the engraving. 

One standard is fixed to the bedplate L, while the op- 


posite one is capable of being moved on it to suit the 
width of the different sized plates being used. It will 
be seen from the views given that by lowering the 
hand lever into the position shown in Fig. 1, the worm- 
wheels H raise the wormshaft B, and with them the pat- 
tern from the sand. 

The rails K can be adjusted to suit the height of the 
boxes by means of slots and set pins P P, which fix 
them to the inside of the standards A A. T is the table 
on which the boxes rest when the pattern is being lifted 
from the mould. The moulding boxes can be firmly 
attached to the pattern plate by means of split keys or 
screws. 

In using the machine the bottom box is first fixed to 
the plate, and the sand rammed up by hand, the whole 
is then turned completely over, and the box lowered until 
it rests upon the table; the plate is then unfastened 
from the box, and fixed in its bearings by the set screws, 
and by means of the hand lever raised from the mould, 
giving it at the same time one or two gentle raps as it 
leaves the sand; the bottom box is now ready. The 
process of moulding the top box is exactly the same as 
for the bottom, taking of course the impression from the 
other side of the plate. 

The accurate perpendicular lift, and raising the pattern 
plates equally on both spindles which the machine effects, 
prevents the breaking off of the corners or the cracking of 
the sand, thus completely avo the troublesome ap- 
plication of water, and the mending up of the mould, 
while the most accurate castings can be taken from the 
pattern, and a perfectly smooth surface obtained, to- 
gether with rapidity of work. The lift ee gees that 
it is stated that little or no taper is req in the pat- 
tern, and this is especially ps eae where a deep 
lift is nec Masses: the pattern requires little 
or no rapping in order to leave the mould. 6 joint is 
also so accurately made that no pin is left, and a highly- 
finished surface is obtained in the following manner : 

The table on which the box rests is drawn away from 
under the pattern plate after this latter has been lifted 
from the mould by means of the raising lever, the mould 
is then dusted with the usual moulder’s blacking, and 
the table runs back again into position under the pattern. 
The table on which the box rests is carried by four 
small rollers, which run upon two suitable rails ; 
are placed upon these rails, so that the box is brought 
back again to its ion under the plate. 

The pattern is now lowered down into the mould 
again, being accurately guided into the sand by the pins 
in the box, and corresponding holes in the pattern plate ; 
a slight pressure is put the surface of the sand by 
means of the hand lever, and the pattern again raised 
from the mould; a highly finished and exceptionally 
smooth surface is thus obtained in a very short time 








without any bea’ m of the mould, thus obviating 

the old process of sleeking. 
Tu GERMAN OOEAN AND THE BALtro.—A scheme for 

been so matured, that pr Fey ae aia 

engineer, has granted authority 
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DREDGER FOR KURRACHEE. 

THe completion of the “ missing link” has at length 
compelled the Indian Government to do what the open- 
‘ing of the Suez Canal should have brought about long ago. 
Proper steps are now being taken to complete the 
improvement of the harbour of Kurrachee and give 
it that importance its geographical position deserves. 
With this view a very comp lant con- 


sis to ee, es have been 
recently built by Messrs. Hawks, Crawshay, and Sons, 
of Gateshead, from the designs of Mr. W. F’. Batho, of 


Westminster, and of this dredger we published a two- 
page engraving in our last number, together with other 
Nore 3 ote Fo Bam ow we ae ee ite 
page illustrations of the ho barges, reference to 
the engravings will show That the dredger is a most 
powerful one, well adapted for doing pen? ? work in an 
exposed position. Fig. 1 of our last week’s two-page 
bam ante J shows a deck plan of the vessel, Fig. 2 
a longitudinal section, rig 8 (page 341) a cross- 
section amidships, and Fig. 4 a cross-section in front of 
the engines looking forward, The principal dimensions 
are as follows: Length on deck, 160 ft. ; breadth of beam, 
28 ft.; moulded dépth, 11 ft. There isa single ladder 
working centrally in a well and capable of raising 
300 tons hour from a maximum of 82 ft, 

The hull of the vessel is strongly built, the frames are 
4in. by 3 in. by } in. 2 ft. apart ; the floors are 12 in. 
by #in., with angle- 8in, by in. by fin. rivetted 
on tops; stem 8in. by 2}in.; and stern-post 8 in. 
by 9 in The plating of the bow end of the well is fin. 
thick, the bottom well, sides, and side plates for 12 in. up, 
yz in., and the rest of the plating Jin. thick. The strakes 
are 27in, to 30in. wide, and md be en a 
Tins but straps Tho digo ofthe plates ee planes 

tt stra 0! tes are 
vy in diameter. Two kevlsons 





16in is -carried 3 and suitabl 
leabeag, ‘ane pote poo sides of the well to 
“prevent by chafing from the ladder. The main 
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framing for carrying the upper end of the ladder is of the 
box girder pattern built up of plates 12 in. wide by ,% in. 
thick, is of very substantial design, and is carried right 
down to the keelsons. The hoisting shears for carrying 
the lower end of the ladder are of similar pattern, the 
raising of the shears being accomplished by means of 
an independent engine placed forward, which also works 
the bow crab for producing the feeding motion when the 
dredger is at work. The decks are of teak planks 6 in. 
wide by 3}in. thick, fastened to the deck beams by 
coach screws screwed in from below. 

The main engines drive the screw propeller when the 
boat is going to her work, or are capable of being dis- 
connected to drive the dredging gear; they are of the 
tilt-hammer t; compound surface-condensing cylinders 
20 in. and 34 in. diameter by 24 in. stroke, and are rated 
by the makers at 65 nominal wer ; the steam pres- 
sure is 70 1b, ; the low-pressure cylinder only is jacketted, 
the high-pressure cylinder being fitted with separate ex- 
pansion gear. The surface condenser has horizontal 
tubes } in. in diameter, exposing a total cooling surface 
of 780 square feet. The crankshaft, piston, and connect- 
ing rods are of selected scrap iron. There are two cy- 
lindrical boilers each 8 ft. 6 in. in diameter by 8 ft. 6 in. 
long, containing two furnaces 2 ft. 8 in. in diameter 
otf in, plates welded up in one piece; the shells are 
fe n. and the ends § in. thick, Riddesdale iron is used 

or the furnaces and combustion chambers and BB Staf- 
fordshiro for the shells and ends. 

At each end of the vessel powerful crabs are placed 
for regulating the cut of the buckets when dredging, the 
after crab being self-contained with its own steam driving 

ear as seen in Figs. 1 and 2. The forward crab is 
driven by gearing from an engine ed bslow the deck, 
this same engine also working the el for hoisting the 
lower end of the ladder as described before. The upper 
tumbler of the dredging ladder is arranged to discharge 
12 or 15 buckets per minute by means of cast steel double 
— when the speed of the engine is 75 revolutions. 

o prevent breakdowns the large spur wheel on the 
tumbler shaft has a friction nave 7 ft. in diameter. The 
bucket ladder is 72 ft. between centres, formed of 
wrought-iron girders 4 ft. 6 in. in the centre, 2 ft. 
at the hy , and 2 ft. Gin. at the lower end; it is built 
up of Jin. web plates and 4 in. by 4 in. by ,j, in. angle 
irons joining the top and bottom flanges. The upper 
tumbler is pentagonal, fitted with steel corners held in 
place by wrought-iron rings shrunk on; this tumbler is 
without flanges, vertical guide rollers being provided for 
keeping the buckets in place. The lower tumbler is 
hexagonal, and is fitted with a chilled cast-iron bush 
turning on a steel spindle keyed to the lower ends of the 
ladder. There are ten rollers 12 in, in diameter on the 
ladder for guiding the buckets; they also run on chilled 
cast-iron bushes. The buckets, thirty-four in number, 
have each a capacity of nine cubic feet ; the backs are 
annealed cast steel, and the cutting lips are also 
steel 1} in. thick; the links connecting the buckets 
are wrought iron bushed with steel; the bodies of 
the. buckets are ,,in. thick Riddesdale iron. The 
shoots are arranged to deliver at either side, and two 
cranes are provided as seen in the deck plan for lifting 
the buckets or the top aad bottom tumblers. The pro- 
peller is cast iron, four-bladed, 6 ft, 9 in. in diameter, the 
speed specified being eight knots per hour, and the 
capacity of the dredger 300 tons per hour. As the vessel 
had to steam out to her destination the outfit was very 
complete, the temporary rig adopted being a two-masted 
schooner; the cabin arrangements and accommodation 
for the crew were also on a suitable scale. 

Figs. 5, 6, 7, and 8 on page 854 show a longitudinal 
section deck plan, cross-section in front of boilers, and 
cross-section through hopper of the two barges sent out 
to work in connexion with the dredger. They are cach 
130 {t. long by 28 ft. beam, and have a moulded depth of 
10 ft. 6in., the length of the hopper being 62 ft.; this 
length is subdivided into four compartments, having 
a total cubic capacity of 8000 ft,, equal to 400 tons of 
dredged material. A strong keelson runs right through 
the hopper, as seen in Fig. 8, to which the doors for 
dropping the load are hinged, the shening being effected 
by crab winches placed on deck, The plating of the hull 
is ,’, in., and that of the well § in., the longitudinal seams 
being single rivetted and the vertical seams double 
rivetted. The frames are in one e 8} in. by 3} in. 
by y% in., 24 in. apart, the floors 12 in. by ? in., the stem 
6 in, by 2}in., and the stern-post 7} in. by 3pin. The 
bulwarks are ¥, in. plate supported every 5 ft. by 1} in. 
round galvanised A frames, Fendera of the same scant- 
ling as on the dredger are also work od round both vessels, 
There are properly stiffened bulkheads at each end of 
the hopper, as well as three partitions dividing the 
hopper transversely, also a collision bulkhead forward, 
and one aft in line with the end of the stern tube. The 
whole of the crew are berthed forward, the stern of the 
vessel being taken up by the engines and boilers. The 
decks are teak 6 in. by 3in., except in way of the hopper, 
where they are } in. plate. 

The engines are tilt hammer c und surface con- 
da ri agp being 17 in, and 32 in. diameter 
by 24 stroke, and are rated at 50 nominal horse 
power. There is gear 


separate expansion to the high- 
pressure cylinder, and the low-pressure cylinder only is 


acketted. There are two cylindrical boilers 8 ft. 3 in. 
ong by 8 ft. diameter, each containing two furnaces 
2 ft. 6 in, in diameter, the working pressure being 70 Ib. 
per square inch, The screws are cast-iron four-bladed, 
7 ft. in diameter, and the contract speed was eight miles 
per hour. 

At the suggestion of General Hyde, of the India Office, 
the dredger was named the Nearchus, in memory of the 
Admiral of Alexander the Great, who is credited by tra- 
dition with having carried out the first dredging opera- 
tions on record, which were undertaken by him at the 
same place where the subject of our notice is to be em- 

loyed. The hopper barges are called the Sindi and 
lochi. We are informed that a most successful trial 
of the whole plant took place at the end of December 
last, before the fleet left for Kurrachee vid the Suez Canal. 
The quantity of material raised per hour is stated to have 
been between 300 and 500 tons, seventeen to twenty 
buckets being dischargel per minute. The barges are 
reported to have steamed at the rate of 8} knots per 
hour, the engines making 104 revolutions per minute. 
We have to thank Mr. Batho for the drawings from 
which our engravings have been p and have 
to congratulate him, as well as the makers, Messrs. 
Hawks, Crawshay, and Sons, on the results obtained by 
this plant, which is well designed, and built in a thoroughly 
workmanlike manner. 


SPREADING SAND. 

Great as are the acknowledged —— s of wood 
and asphalte paving, particularly wi the traffic is 
heavy, they have wed — not soos among which 
may be reckoned their great slipperiness during some con- 
ditions of weather. This has ie partially obviated by 
the use of sand strewn by hand over the surface, but 
this must necessarily be at best a very costly way of 
doing the work, besides being deficient in uniformity. 
Messrs. Richard Garrett and Sons, of Leiston Works, 
Suffolk, have lately turned their attention to the matter, 
and brought the experience to bear on this subject 
which they have acquired during the last twenty-five 

ears in making Chambers’ manure distributor. They 
Live adapted this machine to work with sand, 
placing all the necessary levers for controlling the 
feed, &e., in the reach of the driver. We lately had 
an opportunity of seeing one of these machines 
at work when its capabilities were being shown to 
those interested in the matter. The box or hopper con- 
taining the sand held about 5} bushels, and we were in- 
formed that with the minimum feed this quantity was 
sufficient to cover a mile in length for a width of 
5{t.3in. When the machine was worked with this feed, 
the quantity of sand deposited was, as may be imagined, 
exceedingly small; and when the feed was increased, so 
as to allow an appreciable amount of sand to be de- 
posited, the hepper, owing to its small size, was quickly 
emptied. With a hopper of the small size used, we 
hardly think the machine could prove economical, as the 
time lost in re-filling would form a large proportion of 
the time the machine was at work. Besides, the load of 
about 2 cwt. was hardly that calculated to get the most 
efficient duty out of the horse. This, however, is a 
matter that is easily altered ; it would be better to have 
the hopper too large, and only to fill it partially, deter- 
mining the most useful load by experience for each par- 
ticular case. 

The sand is distributed by a roller about 4 ft. 2 in. 
long by 5in. in diameter, placed at the bottom of the 
hopper, made up of sections about 3 in. wide each, these 
sections being strung together side by side on a square 
spindle, which was caused to revolve at the same speed 
as the road wheels carrying the machine by cogwheels, 
capable of being thrown in and out of gear. These sec- 
tions had projections about ,j, iv. high across their faces, 
and the sections were strung together on their carrying 
spindle in such a manner as to cause the , oh agover to 
form spirals round the cylinder. The sand was carried 
over by these projections, and was prevented from cling- 
ing to the cylinder by means of a row of inverted steel 
scrapers pressing against its face, The amount of the feed 
is controlled by raising or lowering a shutter at the 
bottom of the hopper, and the sand is prevented from 
clogging by a stirrer working across the face of the 
cylinder driven by a crank motion. It is claimed for the 
machine that it is noiseless in action, and that it has not 
any projecting beyond its wheels, or at all likely 
to Ielghten horses, or otherwise interfere with the traffic. 
With the increasing use of wood and asphalte paving we 
should think there would probably be a field for its appli- 
cation. 


FROUDE’S DYNAMOMETER. 
Ix our number of the 9th ult. we gave a short account 
of some preliminary trials which had been made at Devon- 








port by Mr. R. E. Froude, with the dynamometer, de- 
signed iy sor late Mr. W. Froude, F.R.S., and recently 
fitted to H.M.S. Conquest. We now have to record that on 


the 29th and 30th ult. what may be called the official 
trials were made on the same vessel in one of the basins of 
Keybam Yard, and Panes very satisfactory. A 
description of Mr. ude’s dynamometer was given in 
ENGINEERING, vol. xxiv., pages 67 to 95, avd from this, 


as well as from our last notice, a very good idea maly be! 





formed of the apparatus as now arranged ; but it is im- 
possible, without seeing the dynamometer itself, to get 
any clear notion of the difficulties that had to be con- 
tended with, and the great ingenuity that has been shown 
in overcoming them. 

Besides the admiral superintendent and the chief 
officers of the yard, a large number of scientific gentle- 
men watched the experiments with great interest. 
Among those present were Signor Mattei, chief con- 
structor of the Italian Navy; Mr. J. Wright, C.B., from 
the English Admiralty; Mr. H. Brunel, Mr. W. H. 
Massey, and Mr. Rich, of Easton and Anderson’s, the 
makers; and others who did not allow anything to 
escape their notice. We hope shortly to be able to publish 
full particulars of these valuable experiments, but we 
may just mention ndw that observations were made at 
all speeds from 40 to 110 revolutions, and that the re- 
action was always good. The dynamometer and inte- 
grator are so sensitive that variations due to uneven 
strains on the axle during every revolution may be de- 
tected in the diagrams, 

Before the first experiments were made several holes 
had been drilled im the outer casing, so as to allow the 
heated water to flow out and cold water to enter it, but 
these holes have since been plugged up, and careful ob- 
servations were made of the pressures in cells and plain 
parts of casing. These pressures varied from 30 lb. to 
70 lb. The temperature of the water in the casing was 
frequently taken, and it was generally found that at the 
end of each experiment (which lasted from 20 minutes to 
half an hour) it had risen about 100 deg. to 120 deg. 
above the temperature of the water in the basin. 

It is intended to make a few necessary alterations and 
to fit the dynamometer to some others of Her Majesty’s 
ships during the next three or four months. In all the 
experiments so far made the friction of the engines 
appears excessive, and seems te follow-no law. During 
the trials about 2400 horse power was often indicated, 
and from calculations made there seems to be no doubt 
that at 120 revolutions the present dynamometer would 
register up to 4000 horse power. : 








NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
Ree ae Town Improvements.—The Town Council of 
iS} , with a desire to improve the streets of the town and 
certain of the buildings, have obtained borrowing powers to 
the extent of 500,000. The alterations which are being 
made are of a gigantic character, but the authorities have 
oy gen y their borrowing powers to within 80,0001. 
of the limit, and there yet remains one-third of the property 
pF i! for, —— pro; to be acquired. The financial 

iffculty thus rai ill cause no small embarrassment. 
The Heavy Trades.—The past week has been marked by 
depression in the iron market and rates have fallen. To- 
day, however, with lower prices, orders are comirg in more 
me Sigg Derbyshire pig (forge irons) and best Yorkshire 
brands. It is not expected that any advance in the iron 

market can take place during the present month. 


Steel Ship Plates.—A stiff demand has recently set in 
here for light steel ship plates. These are mostly bei 
sent north, and it is understood are to be used in the con- 
struction of vessels of light draught. All weights, how- 
ever, can be rolled, and with Bessemer steel at its present 
price they can be run in very cheap. Plate rollers are now 
paying especial attention to thisbranch. 


Boiler and Foundry Work.—Both boilermakers and 
founders are complaining sadly of a dearth of orders. At 
some of the boilermakipg establishments an average of 
half time has not been made during the past two montbs. 
There is little hope of any immediate improvement. 
Founders find the demand for machine castings falling off, 
but there is a brisk call for mains and heavy pipes — for 
gas and water purposes. 

Engineering Department.—The announcement that the 
Midland and other companies were inviting tenders for 
large quantities of locomotives has made business generally 
more brisk with certain of engineers, as they have 
been pushing forward work on hand to clear their shops. 
Should the contracts get north, it is known that much of 
the material will be sought for from South Yorkshire houses. 
The general routine trade of the department is only slow, 
but one or two houses are ing traction engines out of 
stock, and thus clearing the way for more work. 


Coal and Coke.—Both these industries have relapsed 
into a state of dulness, and north country coke has fallen 
pa iy dhs ton. ee Soe ret 
cepting for manufacturing purposes, s fetchi - Od. 
and nuts 6s, 6d. average rates, while house coal, Silkstone, 

from 9s. 6d. to 10s. 6d. per ton. ‘ 
Steel.—Makers of best cast steels are again doing a 
heavy business, and rates are very firm. Makers of best 
are the busiest, and with the file trade rapidly in- 
creasing, middle qualities will advance in value. Swedish 
irons are high in price, and stocks not heavy. This will 

to an upward movement of the market. 





Lonpon Water Suprpiy.—The Courcil of the Society 
of Arts have decided to i 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Business in warrants opened 
last Thursday forenoon at 47s. cash, and prices then went 
down to 46s. 74d., and subsequently recovered to 47s. lid. 
cash, and at 47s. to 46s. 9d. and 47s. lid. one month, the 
close being buyers at 47s. cash and 47s. 3d. one month, 
and sellers asking 1}d. more per ton. In the afternoon, 
when the market was excited, the quotations were from 
47s. 3d. to 47s. 6d. and 47s. cash, and 47s. 6d. to 47s. 14d. 
one month, and the market closed with sellers at 47s. cash 
and 47s. 1d. one month, and buyers offering 14d. less. 
The warrant was variable on Friday, and a considerable 
amount of speculative buying and selling took place. 
There were transactions in the morning at from 4/s. to 
47s. 44d. and 47s. 1$d. cash, and at 47s. 6d. to 47s. 3d. one 
month, sellers at the close asking 47s. 1}d. cash and 47s. 3d. 
one month, and buyers offering 47s. and 47s. 14d. cash and 
ove month respectively. The quotations in the afternoon 
ranged from 47s. to 47s. 3d. cash, and from 47s. 14d. to 
47s. 44d. one month, and the close was 47s. 3d. cash and 
47s. 44d. one month, rather sellers. Monday was a dies 
non in the ig iron market, being a Bank Holiday under 
Sir John ta bock’s Act. When the market reopened 
yesterday there was a decided upward tendency, and prices 
at one time stood at 10}d. per ton over last week’s closing 
quotations. That advance, however, was lost, and the final 
quotations were 1}d. per ton under Friday’s. Business 
was done during the forenoon at from 47s. 8d. to 48s. 14d., 
and then back to 47s. 6d. cash, and from 48s. 14d. fourteen 
days to 47s. 9d. one month, and at the close there were 
buyers at 47s. 6d. cash and 47s. 8d. one month, and sellers 
asking 1d. more per ton. In the afternoon prices further 
receded from 47s. 6d. to 47s. cash, and from 47s. 6d. to 
47s. 14d. one month, and the market closed with buyers at 
47s. cash and 47s. 14d. one month, and sellers 1}d. per ton 
over. The market was very steady at the opening this 
forenoon. At first 47s. cash was paid, then 47s. 3d. one 
month to cash paid, and the close was buyers at 47s. 3d. 
cash and 47s. 4id. one’ month. Quietness was the rule in 
the afternoon, and business was done at 47s. 3d. to 
47s. 14d. one month, and 47s. 14d. to 47s. cash, sellers 
at the close asking 47s. 14d. one month, and 47s. cash. 
A considerable amount of business m done during 


the past week, almost the whole of it partaking of the 
character of investment buying. Iron is now 7 oo 
and there is a general belief that the lowest ebb been 


seen for the present in point of price, and the consequence 
is that money is being attracted to it from all quarters, in 
the conviction that in course of time there will be a s 
improvement, and that the iron now hased will ulti- 
mately realise well. Genuine trade, however, continues 
dull; there is a cessation in the demand from 
America ; and the Continent practically shows no signs of 
activity. The production is exceedingly large. One 
ditional furnace has just been put in blast at Eglinton 
Iron Works, so that there are now 116 blast furnaces in 
active operation, as against 86 at this time last year; and 
it is stated that two more furnaces will be put in blast in 
the course of the next few weeks. The average make of 
these 116 furnaces is estimated at 205 tons per furnace per 
week. Special brands continue to be almost entirely 
neglected, and they can all be had at prices lower than the 
makers’ quotations. Last week’s shipments from all Scotch 
ports amounted to 17,749 tons, as compared with 12,923 
tons in the corresponding week of last year. The stock of 
pig iron in Messrs. Connal and Co.’s public warrant stores 
at the end of last week was ‘438,054 tons, showing an in- 
crease for the week of 1299 tons. 


An “ Otto” Gas Engine.in a Clyde Lighthouse.—On 
Friday last a semi-official inspection was made of an 
‘** Otto” gas engine which has been brought into use for 
driving a fog-horn signal on the island of Cumbrae, in the 
lower part of the Firth of Clyde. There were present Mr. 
Thomas Henderson, chairman of the Clyde Lighthouses 
Trust; Mr. C. R. Harvey, engineer; Mr. James Graham, 
treasurer to the rust; and Mr. D. W. Watt, of P. Watt 
and Son, Glasgow, by whom the engine was erected. I 
had long been a serious question with the Trust as to the 


best means to adopt for sounding horns or bells in foggy | 8Te 


weather, especially at the mouth of the Clyde, where fogs 
are so sudden, and sometimes of so short duration, but yet 
sufficient to be dangerous to navigation at these times. 
The powerful horns that are now adopted as warning 
ign. and which can be heard at a distance of from eight 
to ten miles, require as a necessity to be driven by power. 
Steam having been tried and discarded on account of the 
time required for it to be generated, gas motors were 
— successfully, and where the motive power gas was 
easily accessible ; but at stations far away from gas, and 
on islands such as the Cumbrae, the difficulty of obtain- 
ing this motive power was felt. Now, it is hoped, this diffi- 
culty has been overcome by the adoption of a mode of 
producing gas in a short space of time, and of sufficient 
quantity to last for long periods. The gas used for this 
motive power, and which drives the gas engine, is a species 
of hydro-carbon gas. It is a product from the manu- 
facture of paraffine oil, and is usually known] as gasoline. 
The apparatus used is one patented by Messrs. R. Laidlaw 
acd Sons, Glasgow and inburgh. The fog-horns at 
Cloch Lighthonse and Fort i are driven by 
gas engines, but as they are situated within the range of 


the gas supply of Gow 

ordinary coal gus is used as the motive power. 
Presentation to a well-known Physicist. — After the 

distribution of prizes at the close of the winter session of 

the University of Glasgow, last Friday, the students of the 

Natu phy Class met in their class-room to present 


spectroscope and ap sae to Mr. 


¥ | his paper ‘On the Application of Graphic Methods to the 


+ | made on behalf of the subscribers by Mr. Bathurst. Sir J. 


rock and Greenock, respectively, |- 


very great feeling referred to his long friendship with Mr. 



















































port last week. There is still some activity in the iron 
trade, the exports last week having been 7075 tons as 
against 3553 tous in the s week. Coal exports 
were 18,683 tons, as inst 17,886 tons in the 
week. The a penn iron ore reached 10,980 tons, or 
nearly double the quantity of the previous week. 
Swansea.—The steam coal trade remains in much the 
same position as last week, All descriptions are easily 
obtainable at former prices. In the anthracite branch a 
in n veuy wunsitpd combinimr aol comviep ip eninionn be 
ina condition, any sales can 
recorded. The d in pig iron has naturally caused a 
similar decline in the manufactured article. Little or 
nothing is doing in old rails and scrap. 


arlane. The present was made by Mr. Alexander 
Stewart, the first prizeman of the year; and thereafter Dr. 
William Jack, the new professor of mathematics, in the 
name of former students, bore ey to Mr. Mac- 
farlane’s great ability and worth as a mathematician, as a 
physicist, and as a gen - He carries into well-earned 
retirement the hearty good wishes of all who have studied 
science at the University of Glasgow, many hundreds of 
whom are now scattered over the face of the earth. 


Natural Philosophy Chair in the Universi tof Aberdeen. 
—The following gentlemen are understood to be candidates 
for the Chair of Natural Philosophy in Aberdeen University, 
vacant by the death of Professor David Thomson; Mr. 
P. J. Anderson, M.A., LL.B, assistant Professor of Natural 
arwy x , Aberdeen img aa A Mr. George Forbes, 
M.A., F.R.S.E., Anderson’s College, Glasgow ; Professor 
Everett, F.R.S., Queen’s College, Belfast; Mr. John R. 
Leebody, M.A., Londond 3; and Mr. Charles Niven, 
Professor of Mathematics, ’s Co , Cork. The 
appointment, which is in the presentation of the University 
Court, will be made at a meeting of that body to be held on 
Thursday, May 13, at which meeting it is expected the 
Earl ‘of bery, Lord Rector of University, will 
reside. It may be mentioned that Professor George 
orbes is a son of the late principal, James D. Forbes, of 
St. Andrews, and for many years Professor of Natural 
Philosophy in the University of Edinburgh. 
Reyal Society of Edinburgh.—The eleventh ordinary 
aad meeting of the session of the Royal Society of 
inburgh was held on Monday evening, Professor. Douglas 
Maclagan, vice-president, in the chair. Several valuable 
apers were . -Ina paper entitled “On Currents pro- 
uced by Friction between Conducting Substances,’ Mr. 
James Blyth described a new form of telephone receiver in 
its relation to the microphone, and the transmission of the 
sounds of a violin. Dr. Alexander Macfarlane, M.A., sub- 
mitted one on ‘The Positive and Negative Discharge be- 
tween a Point and a Plate, and een a Ball anda 
Plate.’’ As the result of an elaborate series of measure- 
ments, he finds that the ratio of the electromotive force 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday business was 
tolerably brisk, and the tone of affairs was certainly more 
cheerful than for several weeks past, the prices having an 
upward tendency, and the demand being rather more 
urgent. Speculators are not ing now that things are 
improving, but such as hold iron are it for a further 
rise. Makers have again come into the market, and are 
rt aeees —s a fact does —> 
8 e e. ices have vancing every 
during the last week, until now 40s. can adhe obtained 
for No. 3 g.m.b. prompt delivery, though consumers strive 
to get it at 39s., but the market is not so much in the 
hands of merchants now, and buyers are less likely to get 
bargains. Cleveland g.m.b. warrants have been sold to- 
day at 41s. Forge is not in quite so good demand as 
foundry qualities on account of the strike which has 
oce “4 in bv finished pee te cemar Pom ered om of 
warrants are decreasing every day, as they have ver 
and are receiving none into stock. longpenge: Bees d had 
ste tons, or nearly 1000 tons less than on previous 

uesday. 


Cleveland Ironmasters’ Statistics.—The statistics for 


when the point is positive, to the electromotive force when | April are satisfac on the whole, there a. net 
the point is negative, is greater than unity, and that the | decrease in stock of 13,623 tons, the total quantity held 
opposite is true to the case of the ball. A paper was com- | being 243,855 tons. Makers’ stocks i 12 tons, 


but this was counterbalanced by a decrease of 21,077 tons 
in the public warrant stores, and of 5494 tons in makers’ 

rivate stores. The output of iron was 201,619 tons, or 
3546 tons less than in . Of this 162,226 tons were 
made from Cleveland ores. There are now 89 furnaces 
making Cleveland iron, and 22 ing other kinds of pig 
iron. The exports of pig iron amounted to 88,018 tons, or 
22,700 tons more than in April, 1879. Of this 61,414 tons 
were sent abroad—22,510 tons more than in 1879. 


The Finished Iron Trade.—There has been next to 
nothing doing this week owing to the strike. The men 
at the bulk of the works feeling aggrieved that tho 
sliding scale arrangement, which was only finally con- 
clu a few days ago, did not bring them an ad- 
vance, determined that they would not carry out their 

ent, and to the number of 7000 they refused to 


municated by Professor A. Crum Brown, from Dr. E. J. 
Mills, F.R.8., Glasgow, on ‘“‘ Thermometric Researches ;’’ 
and it was announced in the course of the proceedings that 
the Keith prize for the biennial iod 1877-79, had been 
awarded to Professor Fleeming Jenkin, C.E., F.R.S., for 


Determination of the Efficiency of Machinery.’’ 








NOTES FROM THE SOUTH-WEST. 
Cardiff.—The exportation of coal foreignwise from this 
port continues active, and the demand for the better kinds 
of steam and house coal is ext inarily . For 
house coal a slight advance has been obtained, but prices 
for steam coal are at a standstill. This is principally ac- 
counted for by the output being equal to the demand. 


See BS fet ee ee ee, eee work, demanding that an advance should be given irre- 

art ie remains quiet. nm report a verage ; realised 

iron trade has had its day for the present, but still a They ee yube aonendial to ae he Por ——. 
wor i 


quantities are continually arriving from the different 
to this port fur shipment, and there is a good demand 
for tonnage for the same, especially steam for the United 
States. 


The Severn Bridge.—On Saturday a large meeting was 
held at Lydney-on-Severn, for the purpose of prareting 
Mr. G. W. Keeling, engineer, with a testimonial as a mar! 
of appreciation of his valuable services in connexion with 
the Severn Bridge. The testimonial consisted of a silver 
centre-piece for a candelabrum. The centre-piece, which 
cost 1001., is fitted with glasses for flowers, and the plateau 
or base conta’ns an outline of the Severn Bridge, with an 
inscription on the opposite face. The presentation was 


—_ -_— ny en —— = — — —_ of 
e speakers c masters with keepi louble sets 
of books in order to deceive the Board’s poe bowery The 
Standing Committee of the Board of Arbitration has very 
properly issued a notice to the effect that there is no 
course open but to abide by the agreement that has been 
entered into for the ion of wages. The latest 
information is that the ‘‘ backbone” of the strike has been 
broken, and some of the men are going back to work as 
recommended by the Standing Committee. 

Output and Prices of Finished Iron.—Mr. Waterhouse, 
the accountant to the of Arbitration, has ascertained 
that during the — ending March 31, the firms con- 
necied with the delivered 108,696 tons of finished 
iron, the av price being 61. 3s. 8.77d. ton. Ex- 
cluding rails, the ape ae was 6/, 2s. 11.45d., and it 
was on this figure t 5 per cent. reduction above 
named was based. 


Campbell, who indorsed Mr. Bathurst’s remarks, said as 
+ skill was shown in the design of the Severn Bridge as 
in its construction. In his opimon a more genuine and 
solid structure had not been put upanywhere. Mr. Keel- 
ing in acknowledging the presentation, said that the iron 
string he had thrown across the river would have the effect 
of uniting the two divisions of the coun 
which until recently had been so separated, 
a mile or two apart, that it required the traversi 
50 miles to enable communication to eff 
them. Mr. Keeling referred to the electric light, and pai 
a high compliment to Mr. Brain, saying that 
the light they had been enabled to finish the eight 
months earlier than they could have otherwise finished it. 


National Colliery bie sae in is announced that the 
National Colliery Company will commence sinking for coal 
next week at Cwtsh, Blaenilecha Valley. The depth of 
the pit will, it is anticipated, be 500 yards at the outside. 

The Iron Trade in Dean Forest.—On Saturday Messrs. 
Crawshay Brothers blew out one of their furnaces at 
Cinderford, reducing the number now in blast to two. 
The furnacemen are to be reduced 5 per cent. in their | ™S 





the 1st inst., under the oye of Mr. Newton 
Earl of Aberdeen, the Mayor of London 

Truscott), Messrs. Charles Woo! 
rg London and Middlesex), Sir James C. Lawrence 
ay P. . Alderman William Lawrence, M.P. and 





Water Supply of Bridgewater.—Mr. Hawkesley, the 
engineer pe in connexion with the Bridgewater 
Water Works, visited them on Monday with a view of 
giving a final certificate as to their completion, at a cost 
which it is believed will reach close upon 40,0001., his 
estimate before a House of Commons Committee being 
$2,000. The first supply of water was laid on in the 
borough about five months since, a 
number of the inhabitants have availed themselves of it. 





assistantship to st Williaes 
“ - 
Thepieh, afiee's ported of ourvios aatathae ses i 
years. Sir William Thomson presided, and in a speech 








Newport.—There was a tolerably good trade done at this 
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WATER-PRESSURE ENGINES FOR MINING PURPOSES. 


CONSTRUCTED BY MESSRS. HAWTHORN, DAVEY, AND CO. ENGINEERS, LEEDS. 
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WATER-PRESSURE ENGINES. 
On Water-Pressure Engines for Mining Purposes.* 
By Mr. Henry Davey, of Leeds. 

In this r the author proposes to discuss some of the 
leading questions involved in the proper construction of 
hydraulic engines, such as are suited to considerable pres- 
sures ; excluding from consideration turbines and similar 
machines, which cannot be correctly designated water- 
pressure engines. 

Water-pressure ines are usually intermittent in 
action ; nor is the author acquainted with any practically 
successful engine which works with a continuous and 
uniform flow. Rotary water-prewsure engines have been 
employed and experimented upon, but as far as the author 
is aware, without much success. Sir William Armstrong 
experimented with a rotary engine before he perfected his 
water-pressure machinery, now so well known (see Trans- 
actions Inst. C.E., vol. 1., p. 65). 

Water supply, depending as it does on rainfall, is neces- 

ily variable where there is not an impounding reservoir 
of sufficient sogecty to compensate for the variations in 
the fall; and the great mpeg ye gag me oe 
in localities where water power is available, is the chief 
reason why the mechanical energy of the water, which 
falls on the high ground and vitates to the valleys, 
is not utilised more than it ac’ is. The subject, how- 
Sellen employed, capectally im hilly Ginricts, iehere menor 
is em > ially in hi istricts, where water 
power have been practicable and very much less ex- 
— Metalliferous mines are usually si in hilly 
istricts, and are often worked to the depth of the adjoin- 
ing valley through an adit level. mines may be 
ined through the same level : a notable instance bei 
the Sutro Tunnel. In such cases water may be collected 
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WATER-PRESSURE ENGINES FOR MINING PURPOSES. 


CONSTRUCTED BY MESSRS. HAWTHORN, DAVEY, AND CO., ENGINEERS, LEEDS. 
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When the difficulties are considered of collecting and | driving column is suddenly arrested n times per minute , passing over a chain wheel F. : 
storing such a variable quantity as the rainfall (which loses in foot-pounds per minute the energy represented by n | chain wheel was connected to the tumbling weight W. The 
varies in d between 20 in. and 70 in. per year), itis | W 0 y 
easily seen that it is only in exceptional cases that therain- | §4.4 € 
fall from elevated lands can be made available for power, If a water-pressure engine be employed to overcome a nail 
peor Ma way dy Dy on =~ gland gtd) Foe poe meg fonpe appt hy = Shed ey 
contri to the desired result. that resistance ; if the vi of the driving column 
A hody of water atrest in a pipe exerts at any point a | yaries, then its energy varies, and the energy due to the pcx by Pic Bape’: pg, of water B cmide gor Megyet pr 
pressure proportional to the head or vertical height of the | difference between the maximum and minimum velocity is | (oy steok, nid be Lowy: ny the dai 
column above that point. Let lost. The o ow + loss of would be + 
h=the head of water in feet above any point, Let v and V be the lower and the higher velocities alter. | Pumps. Tite consequent toss of energy aut eamagg 
p=the pressure in lb. per sq. in. at that point ; nately assumed by the water column, n the number of | S% * a eg + Ad expression given a 
then ame h. changes per minute, and 1 the loss of energy ; then stroke. To ridese tie cocoate of Seams shecka, ‘Theriihick 
A column of water in motion in a pipe, has an acquired od wv? W v? (3) ois the *I =) ond ty hen the’ ad 
oxengy expressed in foot-pounde by : a Cie Rs td a thereby allowed water. to aon throngh from. the driving 
EE 6s ote Water-pressure engines are employed in pumping water, | column to the exhaust daring | the reversal of the stroke, 
, : 29 664.4 in winding materials from mines, and in driving machinery | thus preven the absolute page of the drivi 
in which W is the weight in pounds, and v the velocity in | of various kinds. column. Thin devine reduced the shock at vol 
feet per second. She seated corer varies as the square For pumping water, the ine is us ied direct water; and the efficiency of the engine must have been 
“'If tin velocly ofS gives eelght of Stor te al aliered page, B60, which ate engine | nee energy arising 
: e velocity of a given weig’ water is no’ ’ 360, whi water-pressure engine | The loss of ing from fluctuations of 
its acquired energy is not increased or diminished ; but a | erected by Trevithiok at the Druid Copper Mines, ym cra i i i 
colamn of water moving with an accelerating velocity | near Redruth. The engine consisted of a 10-in. dow of the driving column, and to its length ; con- 
exerts a less pressure than the same column at rest; and a | acting hydraulic cylinder A, provided with a piston having seq , when the height of the column is inconsiderable 
column of water whose velocity is being retarded exerts a | a stroke of 9 ft. the crosshead of the engine, spear | com i eref. 
greater pressure than the same column at rest. rods descended to work the pumps. The valves consisted of | ¢o to the weight, the percentage of is very 
If a column of water in motion be saddenly stopped, its | two lead * plugs,”’ or pistons, B and E. Rods attached to | Coeckin in : 
peauired energy is spent in produ a blow or shock; | these plugs passed through -boxes in the valve-/ In applying hydraulic power for draining the dip and 
ence any water-pressure engine in which the motion of the | chest cover, and were connected means of a chain | distant workings in mines, the author has ically ex- 
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perienced the difficulty of having to deal with a column 
very long compared with its height. A practical example 
is given in Fig. 2, which represents two engines at Griff 





















































Colliery, near Nuneaton ; these are now employed to pump 
out a very long dip working, and will be kept for draining 
it permanently. There are two hydraulic engines A and B, 
each capable of raising 150 gallons per minute to 150 ft. 
height t' gouge 800 ft. of 7}-in. delivery pipe, red, under an 
effective hi in the driving column of 450ft., this head 
being supplied through 1900 ft. of 5-in. supply pipe. 
In commencing to get out the water from the dip, the first 
engine was placed as near as possible to the surface of the 
water. Suction ees were then added, as the water 
was lowered, until a vertical depth of 25 ft. was reached ; 
the second engine was then close down to the water 
level, and the operation continued. In that way the pump- 
ing was uninterrupted, and a distance of 150 ft. could be 
reached before it @ necessary to move either engine, 
the inclination of the dip being 1 in 6. The water de- 
livered at the top of the dip working is conducted to the 
sump of the main pumping engines O, and the water for 
driving the Lene engines is conveyed down the shaft 
from the surface of the mine; so that the main pumping 
engines have to pump the water delivered at the sump, 
which includes the water used in working the hydraulic 
engines. The exhaust water from the power cylinder is 
delivered direct into the rising main of the tgdoenlte pump, 
so that the hydraulic engines work with an effective head 
equal to the height of the supply cistern above the main 
— sump C. 

longitudinal section of the hydraulic engines is given 
in Fig. 3, page 358. The stroke is 2 ft. 6 in., diameter 
of power cylinder 6} in., of pump 8}in. Thus the useful 
6.75) 150 «ox nen cont 
effect is represented by Gs 450" per cen 
will be seen that the pump is provided with a loose liner ; 
by withdrawing this liner, and putting in a larger piston 
of 12} in. diameter, the capacity of the pump is doubled, 
enabling the ine to pump double the quantity to 
half the height. The iston is used until half the total 
depth | is reached, when it mes necessary to insert the 
liner, and use the smaller piston for the remaining distance. 
Fig. 4 and 6, page 358, show details of valves and piston. 

Le valves of the power cylinder are of a very peculiar 
construction, and were designed by the author to get rid of 
the difficulties encountered in applying slides, and other ordi- 
nary valves, to water-pressure engines. An actual valve- 
box is exhibited for the inspection of the meeting. Re- 
ferring to Figs, Sand 5, the top orifice B is the inlet, and the 
bottom one C the outlet or eduction Pipe ; and the openings 
D and E form a communication to the two ends of the power 
cylinder. The eduction valves are annular gun-metal 

istons F', working verti » and each having two valve- 
Beate, one on the inner one on the outer edge of its 
bottom face G. As the annular valve descends, the 
outside beat closes the communication to the eduction 
pipe; and the inlet valve, rising against the inner beat, 
closes the supply. The inlet valve H is an ordinary 
single-beat mushroom valve, with its stalk up- 
and attached at the top. to a piston J; the bottom 

piston is “he top 


It 


the eduction pipe, by means of a small -metal slide 
valve K, actuated by a tappet rod from the crosshead of 
the engine, as shown in plan, Fig. 7. Towards the end of 
the stroke the engine pushes the slide valve over, into such 
a position that the top of one of the valve pistons is exposed 
to the pressare column, and the other to the eduction 
column. The main valves are thereby reversed ; and the 
descending piston causes the eduction valve on its side to 
close, and the inlet valve to open; while on the other side 
the ascending piston causes its inlet valve to close, and its 
eduction valve to o The practical effect of this action 
on the velocity of driving column is to retard, but not 
absolutely to stop it ; and, if the joint displacement of the 
two valve pistons were eq to the displacement of the 
main piston, the fluctuation in velocity, as shown in the dia- 
gram, Fig. 8, would be very similar to that caused by the 
working of two simple engines coupled by cranks at right 
angles to each other, as shown in the di m, Fig. 9. 

hen the two hydraulic engi are in their final posi- 
tion, and can be sleeed side by side, they can be so ar- 
ranged that engine A works the c valve of engine B, 
and vice versd. In this way the fluctuation of velocity in 
the columns can be further reduced to that shown in the 
diagram, Fig. 10. Here A is the complete diagram of ve- 
locity for one engine, and B B are corresponding diagrams 
for the other engine. It will be seen that as the velocity in- 
creases in A it diminishes in B, and vice versd ; and theo- 
retically, the increase and decrease being the same, the re- 
sultant line of velocity in the driving column would be the 
full line PQ. In practice this is not quite the case, and 
oo is a rise of velocity, as shown by the dotted line at 
z 


The double-acting engines just described were specially 
pee for the purpose they are applied to, which necessi- 
tated their occupying a very small space, and being very 
portable. But in the majority of cases, especially where 
the engines are applied under considerable pressure, and 
where the water is at all dirty, the author uses plungers 
instead of pistons. 

An example of a pair of engines with plangers, and applied 
under vory heavy pressure, is given in Vig./11, pago 358. ‘hoso 
engines were made for pumping brine of 1.3 specific gravity 
trom the Mansfield Company’s deep salt mine in Westphalia, 
and were adopted by the company after they had had con- 
siderable experience with a similar engine applied under 
similar conditions. The author had nothing to do with 
anything beyond the engines themselves ; and regrets that 
he is not in a position to give particulars of the accumu- 
lator, and the engines which supply it ; these are, however, 
of the usual construction. 

Each hydraulic engine is capable of raising per minute 
66 gallons of brine 1000 ft. high, with an effective pressure 
of 560 Ibs. per square inch in the accumulator, or 1000 ft. 
head of brine. In the e d drawing, Fig. 12, A A are 
the power plungers of 8 in. in diameter, reduced to 5{ in. 
in diameter in the pumping cylinders B B. Therising and 
falling columns of the power water balance each other, and 
the accumulator pressure balances that of the brine in the 
rising main, so that the useful effect is simply given by the 
ratio between the total area of the plunger at 
and the —— annular area at B. Hence useful effect 


3 
=____.____-=59 per cet. The wer valves are 

#—Gisyp we 
precisely similar to those already described, but are 
placed in separate boxes, because the power cylinders are 
separated. The change-valves C are clearly shown in 
Fig. 14, and the arrangements for working them are 
simi'ar to those already described for the dip-engines. 

The offect of flactuations of velocityjin the driving column 
from an accumulator is similar to that in a column with a 
natural head, and the effect of enlarging the ram of the 
accumulator is to reduce the velocity of the moving weight, 
in the same way as the ——. of the moving weight of 
water is reduced by enlarging the pipe in the other case. 
Hence it is highly important that when an accumulator is 
used it should be very large, thereby making its pulsations 
very slow. 

As an example of the practical application of water- 
pressure machinery to the working of a metalliferous mine 
in a hilly district, the author has prepared Figs. 15 to 25, 
which represent the machinery designed by him for the 
A. D. Lead Mine, near Richmond, Yorkshire, 

It will be seen from ie. 15, pase 359, that there is a reser- 
voir A situated on the hillside above the mine, at anelevation 
of about 500 ft. above the adit level. Pipes are led from this 
reservoir down the hillside for a distance of 1800 ft., and 
are then taken down a vertical shaft B to the interior of the 
mine, at the inner end of the adit level C. At this point a 
large chamber D is excavated, to receive the pumping and 
winding machinery. 

The pumping engine, Figs. 16 and 22, consists of two 
verti hydraulic cylinders (see Figs. 20 and 21), each 
having a power ram 12in. in diameter by 7 ft. stroke. The 
ramsare connected together by a chain passing over an 
overhead chain pulley, so that one ram makes its up-stroke 
whilst the other is descending. A rod attached to the ram 

es down through a st -box: in the bottom of each 
ydraulic cylinder, and is attached to the pump rod. The 
pumps are each 13 in. in diameter and of course the same 
stroke as the hydraulic rams. On each hydraulic cylinder 
is a valve box A, shown in section in Fig. 22, with 
ves similar to those already described in connexion with 
the oo hydraulic ase. A... pumps BB _ Fig. 17) 

are of the with o 
Fy SG 


clack pieces, door pieces, an res (see Figs. 18 
19), such as are y used for sinki Ley ager The 
pumps will be used in ing the shaft, and a 
i i for — at 6} s of od 
i of water from a oS ma ow 
the adit level, the present depth being about 120ft. At the 


full depth, with 534ft. head on the rams, the usefal effect 
will be about 65 per cent. 





under the re of the 
driving column, while the is expose alternately to 
the pressure of the driving column, to the pressure in 


(To be continued.) 


THE SPITZBERG ‘TUNNEL. 

We publish this week a two-page engraving showing 
the engine and pumping stations at the Spitzberg Tunnel 
works, and sections of the shafts, illustrating the mode of 
timbering, and the arrangement of pumps. Weare com- 
pelled by want of space to postpone till next week our 
further notice of these works. 


TRAMWAY PERMANENT WAY. 
To THE Ep1102 OF ENGINEERING. 

Str,—We beg you will allow us‘to correct one or two in- 
accuracies which appeared in Mr. J. D. Larsen’s paper, 
reported in your last issue, in reference to our (Aldred and 
Spielmann’s) patent permanent way. 

We cannot but regret that Mr. Larsen has not brought 
his remarks down to date. The earliest design of the 
system, of which you published an illustration (an! of 








which but a few yards were rolled), conveys an imperfect 
impression of the rail as it now exists. This will be seen 
on reference to the accompanying sketch. 

It isa matter for argument whether or not wood sleepers 
embedded in concrete are perishable, having regard to the 
life of a tramway. With respect to thore being no base- 
plate, it is our firm opinion that a substructare consisting 
of 7 ft. transverse sleepers, placed 3 ft. apart, forms as solid 
a foundation as could be desired, not only for the setts on 
each side of the rail, but also as a support to the whole of 
the horse track. 

Mr. Larsen doabts ‘‘ whether the advantage of a double- 
headed rail is sufficient to compensate for the extra weight 
of metal to be laid down in the first instance.” It is evi- 
dent from the fact that the first cost of our system is below 
that of any other, that the extra weight of metal—if there 
be such—does not militate against its economy. In his 
remark concerning the disfavour into which the double- 
headed rail has fallen for railway use, Mr. Larsen betrays 
his incomplete knowledge of our system. The objection 
made to the double-headed rail is, that when reversed, its 
face, where previously seated in the chair, become 
burred and crushed. Our drawing shows that we avoid 
this risk by suspending the rails in the chair. In the view 
sent A isthe chair, B oak key, and C the stone setts. 

Mr. Larsen has omitted to mention one of the chief ad- 
vantages of our system—the use of the “‘ break joint.” 

We are, Sir, yours truly, 
SPIELMANN AND Co. 
40 and 42, Queen Victoria-street, E.C., May 4, 1880. 


WATER-PRESSURE ENGINES, 
To rue Epiror or ENGINEERING. 

Sin,—May I ask you for space to — out a slight error 
in your report of my remarks in the discussion on Mr. 
Davey’s paper at the last meeting of the Institution of 
Mechanical Engineers? In your report you state that I 
expressed considerable doubts as to the practical value of Mr. 
Hastie’s automatic gear for water-pressure engines. What 
I intended to convey was, that I quite endorsed Mr. Davey’s 
estimate of the value of Mr. Hastie’s engine, but that I 
questioned whether the game was worth the candle so far 
as many of the other means referred to in the paper were 
concerned. There can be no question as to the value of a good 
and simple automatic gear such as Hastie’s for regulating 
the consumption of water ; my objections were directed to 
such arrangements as require the attention of the man 
working the engine to render them useful. 

Yours truly, 
Ratras H. TWEDDELL. 
14, Delahay-street, Westminster, May 5, 1880. 


Tue WuHITexHeAD Fish Torpepo.— We understand 
that the Secretary of State for War bas awarded to Mr. 
Wilson, Sen., of Messrs. Nasmyth, Wilson, and Co., of 
Patricroft, the sum of 5001. in consideration of having 
applied his patent double screw propellers to the White- 
head fish to: oes. The high speed of 27 knots which has 
been attained by these torpedoes is no doubt toa very large 
extent due to the use of these double screws. 

















PREVENTING FRAUD wiTH CHEQUES.—We have had 
brought under our notice a very ingenious plan for the 
prevention of fraudulent alteration of cheques, promissory 
notes, &c. It is the device of Mr. J. Beverley Fenby, of 
Birmingham, and consists of a slight modification in the 
ordinary form of the cheque or other document, and of a 
small punch attached by an elastic band to the cheque- 
book. The cheque, which is covered with a water-mark, 
las printed upon its lower edge four sets of numbers from 
0 to 10, and bracketted above, in units, tens, hundreds, 
and thousands. After the cheque has been written, the 
amount of pounds is absolutely indicated by punching from 
the bottom edge of the cheque a small piece o each 
printed figure representing the amount ; if this latter is in 
units, a piece is punched out opposite the 0 of the tens, 
hundreds, and tonnnds seams if it be in tens, the 
punch marks are opposite the hundreds and thousands, and 
soon. The water mark on the face of the cheque is in- 





tended to prevent any restitution of the pieces punched ont. 
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NOTICE TO AMERICAN SUBSCRIBEBS. 

We beg to announce that we have appointed Mr. Lenox 
Smith, 46, Pine-strect, New York, the sole agent for ENnaI- 
NEERING in the United States, and all subscriptions for the 
United States will in future be payable to him. Mr. Lenox 
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NOTICES OF MEETINGS. 

INSTITUTION OF CIVIL ENGINEERS. — Tuesday, May 11th, at 
8 p.m. “The Manufacture and Testing of Portland Cement,” by 
Major-General Scott, C.B.,R.E., and Gilbert R. Redgrave, Assocs. 
Inst.C.E. ~ Portland Cement Concrete, and some of its Applica- 
tions,” by Edwin Arthur Bernays, M. Inst. C.E. “Portland 
Cement: its Nature, Tests, and Uses,” by John Grant, M. Inst. C.E. 

INSTITUTION OF SURVEYORS.—Monday evening, May 10th, at 
12, Great George-street, Westminster, when a a will be read 
by Mr. J. Potts, Jun., entitled “Remarks on the Rating of Mines 
and Quarries.” The chair to be taken at 8 o'clock. 

Tar SOCIETY oF TELEGRAPH ENGINEERS. — Wednesday, 
May 12th, at the Institution of Civil Engineers. Council 
Meeting at 7 p.m. Ordinary General Meeting at8 p.m. “On the 
use of the Bynamo-Electric Current in Horticulture and in 
Metallurgy,” by C. W. Siemens, D.C.L., F.B.S., Past-President. 

City AND GUILDS OF LONDON INsTITUTE.—Technical School, 
Cowper-street. Monday, May 10th. 7p.m., Professor Ayrton, 
«*Steam,” 8 p.m., Professor Armstrong, “ Fuel.” 
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VISUAL TELEGRAPHY. 

WHEN the telephone became an accomplished fact, 
and persons were enabled to 8 and hear by 
electricity, it did not require a great effort of 
imagination to predict the time when light as well 
as sound couldbe transmitted to a distance by wire, 
and images as well as words despatched by telegraph. 
To transmute light into electricity and electricity 
again into light became the next great scientific 
problem. Recent rumours from America announce 
the invention of an apparatus whereby this feat has 
been performed; but as America, with all its real 
prodigies of iigenuity, is yet a hotbed of many sham 
discoveries and ‘‘ bogus” inventions, we are con- 
strained to take these reports with all reserve. It is 
stated in the New York papers that a certain Dr. H. 
E. Licks, of Bethlehem, Pennsylvania, has invented 
an instrument called the “ diaphote,” which has the 
power of showing, in a mirror at one end, the image 


of any object placed in front of a corresponding 
mirror at the other end. ‘These mirrors are com- 
posed, the one of selenium and chromium, the other 
of selenium and iodide of silver—substances very 
sensitive to light and heat. Each mirror is, more- 
over, built up of a number of small plates, and the 
corresponding couples are connected by separate 
wires. The receiving mirror is placed in a camera, 
and receives from a lens the pictures of any desired 
object. The various gradations of light and form 
falling on the plates of the mirror set up variations 
in the electrical currents traversing the connecting 
wires. ‘These variations cause changes in the plates 
composing the reproducing mirror, which thereupon 
exhibits an image of the object. A public exhibition 
of the instrument is said to have been held at 
Reading, in the United States, and the image of 
various simple objects, such as a penknife, an apple, 
a watch, a dollar, a printed hand-bill, and better 
still, the head of a live kitten, were transmitted from 
a room below to the hall above, where they were 
rendered visible to an enthusiastic audience. 

This rumour—and we do not require to be told 
that all the rumours of the New York papers are not 
to be. taken as literal truth—has it appears some 
foundation in the fact¢hat Professor Graham Bell, 
the famous inventor of the earliest speaking tele- 
phone, deposited some time ago with the Franklin 

stitute, Us, a sealed packet containing a descrip- 
tion of a new apparatus which has to do with the 
problem in question. Professor Bell’s results are 
said to be due to his work in England during his 
visit here in 1878, so that our own country both in 
providing the man and the scene of his labours, will 
be fully entitled to the honour of the discovery 
whatever it may be, although it is first published in 
America. 

The gossip about Professor Bell has called into 
publicity several theoretical plans and experimental 
— which have been recently devised and 
carried out by English men of science, One of 
these, originated a few years ago by Professors 
Perry and Ayrton, takes advantage of the well- 
known photo-electric properties of selenium. It 
was we believe first demonstrated by Professor 
Adams and Mr, Day that when a ray of light falls 
upon a piece of crystalline selenium a current of 
electricity is set up in the metal; and this effect 
has been closely studied by Mr. Willoughby Smith 
and Mr. R. Sabine. ‘The transmitter of Messrs. 
Perry and Ayrton, based upon this fact, consists of 
a mirror made up of a mosaic of little squares of 
selenium, insulated from each other, and each con- 
nected with a separate telegraph wire. An im 
of the object to be “ telophoted” is focussed on the 
mirror by means of a lens, and the resulting current 
started iu each square of the mirror by the portion 
of the image falling on it is transmitted by the cor- 
responding wire to the distant station. Here it is 
made to pass through a coil of wire and deflect a 
magnetic needle, the motion of which opens or closes 
an aperture allowing light to fall on the back of a 
sheet of frosted glass. There are supposed to be as 
many illuminated squares at the receiving station 
as there are selenium ones at the transmitting station, 
and the amount of light admitted to each square 
of glass is to be proportional to the strength of 
current, which in turn is proportional to the intensity 
of the light falling on the corresponding square 
of selenium. Thus the illuminated image at the 
receiving station would be to a certain extent a re- 
production of the original image. 

Professors Perry and Ayrton also suggest an 
ae of Mr. Kerr’s experiments on the rotation 
of the plane of polarised light by reflection from the 
polished pole of a magnet. This consists in making 
the receiving mirror a mosaic of soft iron pieces, 
silvered, and causing the current from each edlesion 
square to flow in a fine coil round each piece so as 
to magnetise it. This mirror is to be illuminated 
by a beam of light polarised by reflection from 
glass, and after being reflected from the mirror, 
the beam is to be received again by an analyser. 
The current from each selenium square by magne- 
tising the corresponding soft iron square, rotates 
the beam of polarised light, and alters the intensity 
of the analysed light to an extent ee to 
its strength. Here again, then, we have a mode of 
— an imitation of the original image. 

th of these plans, though undoubtedly in- 
enious, and to a certain extent theoretically 
easible, are yet too elaborate and expensive to be 
practicable. Moreover, the reprodu would 
at best be but a clumsy sketch of the original one. 








Professor Bell’s plan is probably much simpler, if we 


may judge by the simple means with which he 
effected the electric transmission of speech, and the 
scientific world will now await with great interest 
the publication of it. 

One way of simplifying the problem would be to 
find out a way of transforming electricity directly 
back into light again, by the principle of reproduc- 
tion which operates in nature and has been 80 ex- 
tensively applied of late in the construction of 
scientific apparatus. If a beam of light falling on a 
mirror of selenium ‘is transformed into electricity, 
———_ not that electricity be as simply turned 
back again into light by a physical, not a mechanical 
process. A means of doing this would get rid of the 
necessity for complex receiving instruments like 
that of Professors Ayrton and Perry. Has any one 
ever tried to evoke light from selenium by an action 
the very con to that by which electricity is set 
up in it under light? ‘This is another experiment 
well worthy of trial. 

Another pian for transmitting light is that pro- 
mae by Mr. H. Middleton at a meeting of the 

ambridge veeoene cane» Society on March 8. It is 
based on thermo-electric effects. The image to be 
sent is thrown by a lens on a mirror enclosed in a 
camera. . This mirror consists of thermo.electric 
pairs, polished on their front surfaces and connected 

y separate wires to a second thermo-pile similar to 
the first at the receiving station. The image sets u 
thermo-electric currents in the mosaic of pairs, an 
these are reconverted into a similar image on the 
face of the payer A pile. Moreover, according to 
the manner in which the elements of the plates are 
arranged with respect to each other we can get a 
‘positive’ or ‘negative’ photograph or i 4 
The images thus produced may better be viewed 
directly, sar onre op a screen, or rendered per- 
manent by photography. Fall details of Mr. 
Middleton’s method will, we believe, a in an 
early number of the Cambridge Philosophical 
Society's p ings. 

The particulars of still another step in this direc- 
tion of research were communicated to the Physical 
Society at its late meeting on Saturday, April 24th. 
For two years Professor Michin has hom eng: 
in the transmission of light by means of the electric 
current produced by the action of light on certain 
sensitive photographic salts. Professor Michin pre- 
pares a small photo-chemical cell of two silver-foil 
plates immersed in a conducting solution of salt 
and water. Oue plate is rendered sensitive to light 
by coating it with an emulsion composed of chloride 
of silver. When a beam of magnesium light is 
allowed to fall on the sensitised plate of this cell, a 
current of electricity is observed to flow through 
the cell from the uncoated plate to the coated one. 
Bromide of silver was also used for the sensitive 
salt with like effect; the conducting liquid in the 
pow ed in that case a solution of bromide of 


The current thus set up is due to the photo- 
chemical action of the light on the sensitive plate ; 
and Professor Michin also demonstrated that it could 
be made to effect a corresponding photo-chemical 
action on a second plate in a second receiving cell at 
a distance, but in circuit with the first or trans- 
mitting cell. He conducted the current thus 
obtained by means of wires to a second chloride of 
silver cell kept in the dark, and on developing the 
sensitive plate of the latter by means of pyrogallic 
acid, found it to exhibit a dechengs surface due to 
the transmitted light. Professor Michin is still 
prosecuting these researches, and has procured a 
number of cells for the purpose, as well as a cable 
containing a corresponding number of metallic con- 
ductors insulated from each other, to convey the 
currents from the separate cells. ‘The current ori- 
ginated by the photo-chemical action in considerable ; 
the bp oe from a match being sufficient to pro- 
duce a decided defleciion on a mirror galvanometer. 
Professor Michin’s experiments are only on the 
threshold of the subject yet; but they are to be 
depended upon as far as they go, and are no mere 
theoretical schemes ; moreover, the photographic 
method would have the advantage of yielding per- 
manent portraits. 





: THE NEW CEMENT. 

WE have on several occasions directed attention 
in this journal to the very important question of 
the satisfactory utilisation of the slag produced 
from blast furnaces, In past years this product 
has been accumulating to a vast extent, and the 








ironmasters have been put to enormous expense 
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and inconvenience in providing places of deposit for 
many millions of tons of this, until very recent date, 
comparatively useless article. It is true that in some 
few instances it has been ees in filling up 
shallow bays, and even for ing roads in the 
immediate vicinity of the works where it is produced, 
and where other more suitable material cannot be 
conveniently supplied, but for both these purposes 
the demand bos been extremely limited, and in the 
vast — of cases it has been got rid of as so 
much rubbish. 

One very important’ use to which blast furnace 


slag has been — to be put has been in the 
production of tic for building , and for 
this application Mr. Charles Wood, the manager of 
the Tees Iron Works, Middlesbrough, obtained a 
patent in the year 1873, and full descriptions of 
the processes employed by Mr. Wood have appeared 
in our columns. More recently we had occasion to 
speak of a patent obtained by Mr. Frederick Ran- 
some (who for nearly forty years past has been 
prominently before the scientific world as the in- 
ventor of several ingenious and valuable pro- 
cesses for the manufacture of artificial stone) for the 
production of an eminently hydraulic cement, in 
which the slag sand from the blast furnaces forms a 
conspicuous and very important feature, and of 
this cement we have now something more to say. 
Good Portland cement, which now enters so largely 
into the construction of all hydraulic and substantial 
building operations, is, as our readers are aware, a 
compound of silicate of lime and alumina, and con- 
tains about : 


Per cent. 
Lime... eee a ”- bite ost 62 
Silica * wed os ine ae 22 
Alumina... ine ‘ae ian eens ia 8 
Oxide iron ; ite oka re éua 3 
Potash, soda, magnesia, Xe. ... ne ini 5 
100 


This composition is generally obtained by intimately 
mixing chalk and clay, this mixture being burnt at a 
ve igh temperature into an extremely hard 
clinker, which is subsequently ground to a fine 
powder. Mr. Ransome having been applied to, to 
produce a cement possessing the strength and 
valuable hydraulic properties of Portland cement, 
was not slow to appreciate, and avail himself of, 
the valuable results obtainable by a combination of 
the slag sand from the blast furnaces with an addi- 
tional quantity of lime. He at once commenced a 
series of experiments, and, as we stated in this 
journal in September last,* he succeeded in pro- 
ducing a cement of a most delicate colour, possess- 
ing extraordinary hydraulic powers, and acquiring 
great strength, increasing with age. ‘Thus at 
three days it was stronger than Portland cement at 
seven days; in seven days it was stronger than 
Portland cement at three months; at fifteen days it 
was stronger than Portland cement at twelve 
months ; and at twenty-eight days it was stronger 
than Portland cement at seven years. The fore- 
going results were obtained by mixing the slag 
sand, supplied by the ‘Tees Iron Company, with the 
white chalk of Essex, in the proportion of about 
1 ton of slag sand to 1} tons of chalk, and subse- 
quently burning the same in an ordinary cement 
kiln. The composition of the slag sand above 
alluded to was, as stated in our former notice, found 
by analysis to be : 


Silica ... ave - at ol - 38.25 
Alumina ees eee eco ose an 22.19 
ends eco Ria ene bee + $1.56 

i ood eee eve ood ote 4.14 
Calcic sulphide __... on re die 2.95 
Protoxide iron, &c. we on a 91 


Mr. Ransome has, however, ascertained that he is 
able to obtain a still stronger cement by the employ- 
ment of slags containing a higher percentage of 
alumina. t was long since discovered and 
reported by M, E. Fremy and MM. Rivot and 
Cc y in their admirable werks on cements, 
“That aluminate of lime is the principal hydraulic 
agent in cements.” M. E. Fremy attributes the 
setting of a hydraulic cement to two chemical 
actions: (1) To the hydration of aluminates of lime, 
and, (2) tothe action of hydrate of lime upon the 
silicate of lime and the silicate of alumina and lime 
which exist in all cements, and in this case act as 
puzzolanas. The results arrived at by Mr. Ran- 
ne = yd corroborate Power views, and by attach- 
ng importance to the presence of alumina, Mr. 
Ransome has, as we have mentioned, succeeded in 


* Vide page 211 of our last volume. ¥ 











tly increasing the strength of the new cement. 
apis which we have seen show remarkable bard- 
ness and closeness, and the material in fact promises 
to be an exceedingly valuable one. By the employ- 
ment of blast furnace slag sand the great proportion 
of the expense involved in the production of the 
clinkers used in the ordinary process of manufac- 
taring cement is avoided; the cost of fuel and expense 
of grinding being hence reduced, while a useful ap- 
plication is found for what has been until recently 
a waste product. The Ransome cement as made 
from the blast furnace slag sand without the ad- 
mixture of any colouring matter, is of an exceedingly 
pleasant tint, while any desired colour can be given 
to it as desired by the addition of suitable colouring 
materials. Altogether Mr. Ransome may be said to 
have created a new branch of industry of value alike 
to engineers, architects, ironmasters, and cement 
makers, and we are not surprised to learn that he is 
meeting with the co-operation of many of our lead- 
ing men interested both in our iron and cement 
manufacture. 








CONTINUOUS RAILWAY BRAKES. 
‘Tue extending use of contipuous brakes on French 
railways, and the probability of their almost universal 
rw vege for passenger trains, has induced the 
Minister of Public Works to issue a circular ad- 
dressed to the various railway directions, instructing 
them to prepare half-yearly returns relating to the 
use of brakes upon their lines, and their efficiency. 
To this circular are added forms to be filled up, and 
bearing a close resemblance to those prepared by 
the Board of Trade, The first portion of the returns 
will show the number of engines, tenders, and 
vehicles fitted, and those which remain unfitted, as 
well as the number of applications made during each 
six months, But information is only asked for, con- 
cerning passenger trains, including of course en- 
gines, tenders, carriages, vans, and horse-boxes, mail 
carriages, &c., which usually travel with the high- 
speed service. In addition to this information the 
companies must supply particulars as to the rules 
and regulations framed for working the continuous 
brakes, the various conditions which an efficient 
continuous brake must fulfil, and the compara- 
tive degree of efficiency obtained with each system. 
The second form to be filled up is one very similar to 
that now issued for the monthly returns of accidents, 
and will afford data as to the mileage made by ex- 
ey and stopping trains fitted with continuous 
rakes, the number of stops made by them, the cir- 
cumstances under which the brake failed to work, 
or worked improperly, and the index number of the 
train so affected. If instead of this last statement 
the numbers of the carriages were to be given, a very 
valuable item of information would be obtained, 
since it is obvious that one defective carriage may 
be reported frequently, and unless the facts be 
known may discredit a system unjustly. The parallel 
experience with continuous brakes on French rail- 
ways will afford a very valuable means of comparison 
with our own Board of Trade returns, which, as we 
pointed out last week, should for the future be made 
more useful, thanks to the greater detail in which 
these returns are to be given hereafter. But use- 
ful as these reports must necessarily be, we fear 
that something more will be required before the 
adoption of efficient continuous brakes will become 
general. 





THE IRON AND STEEL INSTITUTE. 

THE annual meeting of the Iron and Steel In- 
stitute commenced on Wednesday morning at the 
Institution of Civil Engineers. The proceedings 
began by the presentation of the report of the 
Council for the past year, which showed a steady 
increase in the number of members; seventy-five 
new members presented themselves for election, a 
number only twice previously exceeded. The re- 
tirewent of Mr. Julien Deby, the foreign secretary, 
was announced, as well as the changes that had 
taken place amongst the members of Council. The 
auditors then r the financial report, which was 
equally satisfactory, the present balance in hand 
being 800/., an increase of 200/. over that to the 
credit of the Institute twelve months ago. 

Mr. Williams, the President, then briefly alluded 
to the principal events of interest that had lately 
occurred, and announced that the Council had 
awarded the Bessemer medal for the year to Sir 
Joseph Whitworth, in recognition of the great 
advance he had made in that branch of the steel 
manufacture he had made peculiarly his own, and 


referred also to the large debt of gratitude all engi- 
neers owed him for the introduction of those systems 
of accuracy now become so universal. He next re- 
minded his hearers of the well-earned distinction 
lately bestowed on Sir Henry Bessemer. The de- 
phosphorisation of iron was the next subject 
touched on, the efforts of Messrs, Bolckow, Vausin, 
and Co. being referred to, as well as the great hopes 
that are entertained both in Europe and America 
of the ultimate success of the process now under 
trial, which, although it was surrounded with very 
great difficulties, had not discouraged those who 
had taken it up. The large plant recently put up at 
Eston for the purpose would, the President said, it 
was hoped soon be satisfactorily at work. The late 
revival in the iron and steel trade was next alluded 
to, a hope being expressed that it might prove more 
permanent than some seemed to anticipate, and the 
address was concluded by a reference to the muni- 
ficent offer of Dr. Siemens in aid of the building of a 
suitable home for all the allied sciences, Mr. Williams 
saying that although progress in this direction had 
hitherto been slow, success must by no means be 
despaired of, as those who knew Dr, Siemens could 
best judge how persistently he generally carried 
anything out which he once took in hand. 

A vote of thanks to the retiring Council for the 
amount of — they had taken in conducting the 
affairs of the Institute was then proposed by Mr. 
Jeremiah Head, and seconded by Mr. Dodds. 

The first paper read was by Mr. Thomas 
Wrightson ‘On some Physical Changes occurring 
in Iron and Steel at High Temperatures,” this 
being the second paper by this gentleman on the 
same subject. During the reading of the paper Mr. 
Wrightson explained the oncosimeter, referring to 
the latest improvements he had made in the instru- 
ment which were suggested by the experience 
gained by actual work. At the conclusion of the read- 
ing of the paper he made a diagram on the black 
board, illustrating his. views on the subject of weld- 
ing, and stated that he considered welding to be pro- 
duced by the increase of temperature brought about 
by the pressure used during the operation, and that 
a perfect weld could only be produced when the 
pieces brought into contact were at exactly the 
same temperature, and that perfect molecular 
contact had taken place. 

The discussion was commenced by Mr. Isaac 
Lowthian Bell, who warmly eulogised Mr. Wright- 
son’s paper, although he by per to. some of his 
reasoning. Mr. Bell said he did not believe wrought 
iron was at a temperature of fusion when being 
welded. As to the question of pieces of cold cast 
iron floating on liquid metal, he said a scientific man 
would doubt its possibility, while a so-called prac- 
tical man would unhesitatingly assert it always took 
place, and that the truth probably lay somewhere 
between the two statements. He considered that 
the power of flotation was possibly due to the 
altered specific gravity. Mr. Bell then referred 
toa coloured diagram showing an arrangement he 
had himself adopted for experimenting in the same 
direction, and by means of which he had arrived at 
very much the same conclusions as Mr. Wrightson. 
The apparatus consisted of a vertical mould about 
6 ft. long by 6 in. in diameter filled with molten 
metal ; on the top the cast-iron block to be experi- 
mented on was placed, attached by a link e of 
fireclay to an unequal-armed lever having a scale 
placed alongside its longest arm. By the use of 
this instrument it was ascertained that the expan- 
sion of the block reached its maximum in an hour, 
and that contraction afterwards commenced. Some 
of the experimental blocks about 5 in. cube were 
shown, which had been immersed thirty to forty 
seconds ; when taken out the corners were at a full 
red heat which quickly disappeared, when broken 
the blocks showed a faint red heat, as well as a 
slight diminution of their metallic lustre. The 
maximum cubic expansion from the solid to the 
liquid Mr. Bell stated to be three per cent., and the 
maximum lineal expansion one per cent., the cubic 
difference at 900 deg. Fahr. being one per cent. 
The occlusion of gases in metals he also referred 
to as one of the probable causes of solid pieces of 
iron floating in liquid iron, the great occlusion of 
oxygen by silver being instanced, Another possible 
reason given was the action of the film of air sur- 
ing the floating piece, Mr. Bell suggesting 
that the flotation might be assisted by the forma- 
tion of slight upward currents, —— or the hot 
metal coming in contact with the cool sides of the 
floating block, and concluded his remarks by saying 
he could not yet quite satisfactorily give a reason 
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for the phenomenon, which although it had no 
practical ne was one of very t interest. 

Dr. Siemens then spoke, and commenced by 
thanking Mr. Bell for having experimented in the 
same direction as Mr. Wrightson. He with 
Mr. Bell’s reason that the rising of the cast-iron 
bricks in the molten metal was due to the occlusion 
of gases, but considered that this would only apply 
to small specimens, and that the currents induced 
by the contact of the relatively cold brick with the 
hot metal would more probably cause the brick to 
sink than to rise. He considered the flotation due 
to the expansion of the specimens, which amounted 
to one per cent. for every 1300 deg. Fahr. The 
natural assumption that the metal changes density 
at certain limits of temperature might, he thought, 
be accompanied by the supposition of other changes, 
such, say, as of specific heat. Selenium, which fad 
been carefully experimented on by his brother, ex- 
hibited much less conductivity when under the in- 
fluence of a ray of light, and when cooled down to 
a certain temperature changed its specific heat, so 
that while being cooled when it arrived at a certain 
temperature the thermometer actually rose. 

Mr, Beaumont then read some remarks he had 
written on Mr. Wrightson’s first paper on this 
subject read at Liverpool, and then observed that 
no allowance had been made in the experiments for 
the possible expansion of the loam mould in which 
the trial ball was cast. He next referred to Mr. 
Mallet’s experiments with the 10-in. shell, and 
stated that he considered them more correct than 
Mr. Wrightson’s. 

Dr. Hopkinson next stated that he thought some 
facts concerning india-rubber under circumstances 
somewhat similar to those to which the pieces of 
floating iron were subjected might prove of interest. 
He said that india-rubber expands when heated if 
not subject to stress, but that it contracts in length 
but not in volume if heated when under stress, the 
reason being that the increase of temperature in- 
creases the coefficient of the elasticity of the rubber, 
and therefore diminishes the extension due to a 
given load. 

Mr. Stead, who said he had been present at many 
of the experiments made by Mr. Wrightson, agreed 
in the conclusions at which he had arrived ; he re- 
marked that when balls of grey iron were used, no 
gas was given off, but that when white iron balls 
were employed gas was very freely given off; he 
considered that the expansion was due to the sepa- 
ration of the graphite, and that it amounted to from 
six to ten per cent., the expansion in the white iron 
being pam than in the grey, He exhibited a 

iece of grey iron having a piece of white iron em- 

edded in it, the analysis of both irons showing 
their composition to be similar, while the specific 
gravity of the grey iron was six per cent. greater. 

Sir John Alleyne remarked that white iron always 
contracts more than grey, and that no theory could 
be based on the conditions obtaining in the sample 
exhibited, 

Mr. Jeremiah Head said that with regard to the 
congelation of two pieces of ice pressed together, 
and having a film of water between them, he 
believed the pressure robbed the water of its latent 
heat, and so permitted the en of the con- 
tinuity of the two pieces. e queried whether 
two pieces of ice frozen together were equally 
as strong as one solid piece, and also whether 
iron was as strong at a weld as elsewhere. He 
said he did not consider pressure was absolutely 
necessary to produce welding, but that it might be 
partially brought about by merely laying the pieces 
one on the other. 

After an adjournment, Mr. Cowper said he 
believed welding could be produced by merely laying 
the pieces together, but was much improved by 
pressure. He thought the experiments were in- 
tended more to show general than exact results. In 
order to obtain the temperatures at which the 
various degrees of expansion take place, he pro 
that bars might be used for greater convenience, 
Two bars being simultaneously cast from the same 
ladle, one might be experimented on, and the other 
broken up, and its temperature determined by 
throwing one of the pieces into water, and noti 
the rise of temperature, as is done in Dr. Siemens 
well-known pyrometer. 

Mr. Snelus remarked that in the main he could 
corroborate the experiments made, as he had carried 
out similar ones both on iron and slag at Dowlais 
many years age. 

The President spoke highly of the value of such 
original investigations as the present one, and said 








that as mages the effect of cooling on the edge of 
bars he believed it might be carried out to the extent 


of converting hoops into washers, and washers into 
hoops. With regard to welding he thought that 
none could take place unless the surfaces were 
perfectly clean, a condition which never obtained, as 
jew were always wet with a film of oxide of iron, 

that no amount of pressure could produce 
perfect welding unless this film were removed. This 
was his conviction after an experience extending 
over forty years. The rough surfaces found in 
practice would produce metallic contact sufficient to 
stick the pieces together, but no true welding ever 
took place under the circumstances. In the presence 
of air he thought it was perfectly -impossible to 
obtain clean surfaces, owing to the oxidation con- 
tinually going on. He thanked the author for the 
amount of pains bestowed on the r, although 
he could hardly agree with him in his views respect- 
ing welding. 

replying on the discussion Mr. Wrightson said 
he believed such a temperature necessary for welding 
as to bring the iron into a semi-fluid condition, He 
thought the oxide formed on the surface would not 
interfere with the welding any more than paintin 
the surfaces of two blocks of ice over with glue 
would prevent their congelation. The cast-iron 


balls experimented on were so. plastic that a wire 
could be driven into them, The co ion and 
welding theories might be considered more akin 


when the small ranges of tem ture in the two 
conditions of the bodies were borne in mind. The 
difference between plastic ice and fluid water was 


only 7 deg. Fahr., and between plastic and solid | in 


iron perhaps about 50 deg. Fahr. As Mr, one 
had supposed, the experiments were ony 
not exact demonstrations of his theory. . Head's 
plan, he thought, of welding iron by merely laying 
it together would fail, as of the nature of the 
iron was destroyed by the high temperature to 
which it had been exposed, and this defect would 
still exist, as the nature was not restored by ham- 
mering. He said that the floating cast-iron discs 
referred to by Mr. Beaumont would not be success- 
ful in practice, as they would form rafts for im- 
purities floating on the surface of the iron, therefore 
submerged iron balls were to be preferred. The 
experiments of Mr. Mallet, carried out, he believed, 
by Mr. Beaumont himself, showed, he thought, ve 
clearly the actual conditions of expansion for whic 
he contends. He allowed that no gas was evolved 
when grey iron balls were experimented on, but 
that the release of gas with white iron balls was 
very great. 

On the conclusion of the discussion, Mr, Pink’s 

r was read “ On the Dephosphorisation of Iron 
at the Hérde Works, Germany,” the discussion on 
it being postponed until it could be taken along 
with the other papers on the same subject, Mr. 
Stead’s paper followed ‘‘Onan Improved Apparatus 
for Analysing Blast Furnace and other Gases,” the 
discussion on which concluded the business of the 
day. On Thursday morning the proceedings were 
opened by the reading of a paper ‘‘ On the Manu- 
facture of Bessemer Steel and Ingot Iron from 
Phosphoric Pig,” by Mr, Holland and Mr. Cooper, 
of Sheffield, and of one by Mr. Willis ‘On Re. 
actions in the Open Hearth Process,” the discussion 
on the two last-named papers, as well as that by 
Mr. Pink, being taken together, and occupying 
nearly the whole day. 

The last paper read was by Mr. Simon, of Man. 
chester, ‘‘On an Improved Method of Utilising 
Bye-Products in the Manufacture of Coke,” the dis- 
cussion on which brought the proeeedings to a ter- 





mination. Want of space compels us to defer our 
notice of those discussions until next week. 
THE TAY BRIDGE ae 
CONTINUING our report of the Tay Bri inquiry, we 
have now to deal with the penton of y week, 
the 29th ult. As before, Mr. Trayner for the 
solicitor $6 the Bonne ot eet > . Marton); Mr, 
Balfour for the North British Rai “s" 3; Mr 
Webster, Q.C., and Mr. Macrory for Messrs. i 
Gilkes, and Co., the contractors; and Mr. Bidder, Q.C., 
for Sir Thomas Bouch, the engineer of the 
oe ee ee evenly tos, Teague, ed teh ah tho 
in ‘ 4 
ments for recording ity of the wind. 





he thonght the ure amounted to 50 lb., but the in- 
ceisnak tastes Weches tak eeitesl trates ee eae 
could not be spoken to positi 


metieet ea ty s ornat 
co 

af song vl being 741b. at 8 p.m. and 8 Ib, at 10 ; 
He knew the site of the Tay Bridge very well, end telh-oo 
sen & would th sonaht printer soo hae 
upon it wo! m i in 
the country. The woe make a 


ms Eeerers | Ga ee taen Se aes might on certain oc- 
casions be something between 50 lb. and 100lb. He had no 
means of knowing w ra pressure of 40 lb, or 50 Ib. per 
square foot ever obtained simultaneously over so large an 


& | area as that of the Tay Bridge. He conceived the course 
i pong Searles Bary ah 


of winds to be almost as irregular as the 


course of streams ina Bree ane that the vey and 
. e should ex pressure 
he had given to ach so and to 


and especially in the valley of the Tay. He would, there. 
fore, expect that much more allowance should be made in 
structures to produce . In some notes based 


there pou) 

on rough calculations he had put down 120 lb. to the square 
foot as what should be provided ae there. “That 

wed a large margin for safety. He remembered being 
consulted about seven years ago on the subject of the pro- 

ion which should be made for wi Forth 
Bridge. Sir Tho i 
of two 
mi 


E 


z 


the action of the wind, he wrote a r, 
1873. In this letter he stated that over very 
surfaces and for very limited times the wind pressure was 
sometimes known to amount to 40 lb. per square foot, and 
in Scotland it would probably amount - more. Such high 


pressures were momentary, arose from whirl- 

OO a Rag pe 
P . He 

wind ure that might be over the ex- 


tent of such a ae F gee 4 
circumstances 0 were very 
different to those of the Forth Bridge. If ‘an erected bridge 
were subjected to a great it ; 
and if was necessary to e perfectly 
none Oe, aes likely to come upon it, and 

of the Tay 


ure 
suspended bridge could be pushed partly aside 

return. He was not aware that the girders 

Bridge, were continuous to the extent of about 1250 ft. ; 
that continuity would materially contribute to their power 
of resisting wind pressure. There might be a much greater 
momentary pressure on such a small surface as the side of 
a railway carriage than upon a girder. From the descrip- 
tions he had seen of the storm considered the re 
ona iage might have been more than 40 lb. or 50 Ib. to 
the foot, and a carriage which would overturn under a 
pressure of 35 1b. to the foot might have been blown over 
on that occasion. 

Cross-examined by Mr. Balfour.—The effect of the wind 
on a structare such as the Forth Bridge, which was to have 
bead Soom. pall Saat soit Tar cases tentioane Omak We 

ween them, cross » Wo 
very much less than on #, strnotare 6 on sucha 


narrow base as the Tay Bridge. Hedid not that the 
two structures were easily comparable. i 

was suspended was very much safer than a bridge which 
stood on high stilts. iter the expedoase had of 
the force of wind, he ht they ought not to trust even 
to the piers of the F Bri without some lateral 


i 


aeet If provision were made for these 
of the Forth Bridge, his calculations 

respecting it would continue good. He knew thesite of the 
Forth Bridge partially and he did not think that there was 


the same probability of a severe concentrated wind 
i cture westward as there was in the 
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, and trusting to ex ents t 

te could be calculated. Dr. 
on, AT ree Ted expired the veld of o Lich wind 
a ch veloci' a 
at 43 miles. ‘There is « difficulty in connecting the velocity 
of the cups with the velocity of wind which they are sup- 

d to represent. Dr. Robinson’s anemometer is 

‘or measuri gee Be heap ode : i ~ 
ment go at the ra miles an hour, represents a 
velouley of wind of 120 mi Hydrostatically measured 
a pressure of 1 Ib. on the square foot gave a velocity of 
20 miles. iments bad shown that about 80 per cent. 
must be added to what was called the standard ure 
in order to get the pressure foot on a plate, and if they 
knew the velocity, they thus get through the stan- 
dard pressure with more or less approximation the plate 

ressure. In open spaces high velocities of wind were only 

ound of limited extent. The reverse was the case in 
mountainous countries. The more repid the fluctuations 
the less their extent laterally ; but if there was a material 
change of velocity going on so long a time as half a minute, 
the pressure would extend over a considerable space 
laterally. He thought the Astronomer Royal’s estimate 
of 10 Tb. to the square foot as being the greatest pressure 
to which a plain surface was likely to be subjected was too 
low. At present, however, they did not know very much 
about the subject. He had no direct observations with 
regard to squalls. . 

Cross-examined by Mr. Bidder, Q.C.—The pressure upon 
a plate was greater than the ‘‘standard’’ pressure, princi- 
pally, perhaps, because of the diminution of pressure in 
consequence of the eddying action at the edge of the plate. 
The track of a storm through a forest was sometimes very 
narrow, but in that case perhaps “ narrow’’ meant having 
a breadth of a few hundred yards. A strong gust lasting 
half a minute would probably occupy a considerable space 
laterally. Witha pressure of 40 lb. at one spot he would 
not venture to estimate it so lowas 101b. over the whole 
of a large structure. Supposing the wind to be moving at 
the rate of 100 miles an bour and a train moving through 
it at right angles 40 miles an hour, the increase of lateral 
pressure upon the body in motion was 34 per cent. com- 
pared with pressure on a body at rest, and that was due to 
the composition of velocities. ‘ . 

By Mr. Rothery.—If ina stream of uniform velocity 
across its width a plate were sunk, there would be a greater 
pressure on the plate if it were moved right across the 
stream than if it were held perfectly at rest ; the increase 
Tek Tey, tages, semsstary” of the Mcteocshagial 

Ro en: ’ of the rologi 
Office, pelle ve | by Mr. Trayner, capense that he received 
the registers of anemometers from different parts of the 
country. There was no anemometer at Dundee, but there 
was one at Glasgow and one at Aberdeen. The te st 
velocity registered at Glasgow on the evening of the 28th 
of December, 1879, in any consecutive 60 minutes, was 
71 miles between 6.20 and 7.20 p.m.; but there were 
greater velocities for shorter periods. The following 
estimates had been made of its velocity from 6.25 to 6.30, 
96 miles per hour ; 6.55 to seven, 72 miles per hour ; 7.15 
to 7.18, 120 miles hour ; 7.30 to 7.35, 84 miles per hour ; 
7.45 to 7.50, 96 miles an hour ; 8.43 to 8.48, 110 miles an 
hour. At Aberdeen the rate of 96 miles an hour was re- 

istered for five minutes, between 7.15 and 7.20 p.m. The 
fighest recorded velocity within the last thirteen years in 
this country was 83, 84, or 85 miles for 60 consecutive 
minutes. He could not give the velocity of gusts. Ex- 
periments had shown that an ordinary pene of window 

lass might stand a pressure of 80 lb. to the foot uniformly 
Tistributed. The whirlwind which had occurred at Walmer 
made a track varying in width from 450 ft. to 750 ft. 
Half the houses were broken away, and most of the things 
that came in its way were carried out to sea. The storm 
which destroyed the Tay Bridge was probably 100 yards in 
width. He thought the Astronomer Royal’s estimate of 
the average wind pressure to be provided against over a 
surface such as the Forth Bridge was too low if placed at 
10 Ib. square foot. That might do in the neighbour- 
hood lentes, but it would not do in Scotland, or at 
places on the coast. He in the opinion of the 
Astronomer Royal that the wind in Scotland might rise to 
a pressure of 50 Ib. per square foot. 

Cross-examined by Mr. Bidder, Q C.—If an anemometer 
were in the track of a storm it might register a much 
higher pressure than existed = few feet from it, or if not in 
the track it might register a much lower are than 
existed close to it. If the force of the wind did more than 
throw down buildings, it would be difficult to register it. 
The force of the wind in London was no guide as to its force 
on various of the Atlantic coast. 

By Mr. Trayner.—On the sea coast and in valleys a pres- 
sure of 50 Ib. — be experienced. The storm of the 28th 
of December, 1879, was not nearly so severe, according to 
the opinion of Mr. Buchan, the Scottish meteorologist, as 
that at Edinburgh on the 24th of January, 1868. 

By Mr. yy from a chart of the storm of 
the Bsth of December, 1879, taken at 6\o’clock in the even- 
ing (banded to the Court), it seemec. very likely that there 
would not have been very much difference in i 
force of the storm at the Tay Bridge, Aberdeen, an 
Gla . Some gusts might have ao lateral extension of 
only Soft. or 40 ft. was no measure of the force of 
the whirlwind at Walmer, for across its diameter every- 
thing was carried —... 

By Mr. Barlow.— were only three pressure ane- 
mometers in this country. The highest instrumentally- 
recorded pressure was one of 50 Ib. from Calcutta. 

The Court then ad till Friday wares. When 
after some remarks by the Commissioner and the counsel 
for the it was a that Mr. Bidder should 
present evidence first, and that Mr. Balfour should then 
call the evidence on behalf of the railway company. 


ing the velocity were known, the “ standard” 
pen ascertained he pre 








Sir Thomas Bouch, civil engineer, examined Mr. 
Bidder, Q.C., stated that he built a great num of 
iron bridges and viaducts; he did not think any one 
built more. Among others he had built the bridge over 
the Tees, which was on stone piers, and had iron 
lattice girders. It had five spans of 120 ft. each, and its 

teat height was 130ft. Ever since he erected that 
idge he had ee ie of girder. He had 
also constructed Deepdale and Viaducts, the 
Redheugh Bridge over the Tyne, and the Bilston Burne 
Viaduct. In 1849 he was ee engineer and general 
manager of the Edinburgh, Perth, and Dundee Railway, 
which is now called the North British. While occupying 
that position he first studied the question of bridging the 
two firths. Schemes were deposited in Parliament and 
withdrawn in 1864 and 1865. In November, 1869, plans 
were i ye gees ae North British Company, and 
the scheme of which the fallen bridge formed part was 
authorised in 1870. Previously to depositing the plans he 
had caused borings to be made by Mr. Wylie, and a rock 
foundation was reported to exist across the whole width of 
the river, excepting some 250 yards on the north shore. 
He (witness) took the extra precaution to have his own 
assistant, Mr. Orr, present at the borings. Witness 
adopted for the bridge the form of lattice girder which, 
from experience, he believed to be the best and to offer the 
least resistance to the wind. He employed, as his assistant 
and coadjutor, Mr. Alien Stewart, a gentleman of high 
mathematical attainments, to caleulate the strains on all 
at of the girders, and with his assistance in working out 
etails he designed the girders and the bridge. The design 
was at first very simple, consisting of brick piers and 
malleable iron gi . In one or two matters, in order to 
be quite clear, he consulted other engineers—amongst them 
Mr. Thomas Harrison—and took every opportunity of in- 
forming himself how the bridge should constructed. 
Having completed the detailed drawings, tenders were in- 
vited. He had ectly satisfied himself that the designs 
were sufficient, and had the foundations turned out as was 
reported the bridge would have been amply sufficient for 
its a. Witness confirmed a letter he wrote to Colonel 
Yo on the 5th of October, 1869, and Colonel Yolland’s 
reply of the 8th of that month was to the effect that it was 
not considered necessary to take into account the force of 
the wind upon lattice girders not exceeding 200 ft. span. In 
May, 1871, a contract was entered into with Charles De 
Bergue and Co., and in that year they commenced the 
erection of the Tay Bridge. Fourteen spans in the centre 
were each 200 ft. clear in the waterway, and the other 
spans of lesser dimensions. Mr. Pattison was engaged by 
witness as resident engineer, to devote himself exclusively 
to ss the erection of the bridge. Mr. Raff and 
= ee Sard wn Deselgette as ae 
recommendation of Sir Josep , Witness emp! 
Mr. Noble, who was one of the best examiners of Portland 
cement witness ever knew. Other engineers were engaged 
as the works progressed. The foundations of the 
fourteen piers were satisfactory. In sinking the fifteenth 
cylinder, it was found the borers had not co y repre- 
sented the state of things beneath the bed of the river, 
the rock being found to be practically gone ; he, therefore, 
put in two additional cylinders, piling the northern one, 
and went back and strengthened No. 14. He also ordered the 
bed of the river to be systematically bored again right across. 
Discovering that the rock had gone, witness on the 16th of 
September, 1873, made a report to the directors of the North 
British Company that the borers had mistaken a bed of 
4 ft. of bard gravel for rock, but that underneath that a 
bed of clay had been found of which the depth had not 
ae ae On the 11th of a he made 
another report, advising, in consequence 0 e change in 
the bed of the river, that the piers should be formed of 
strong iron columns, the ironwork to commence 5 ft. above 
bigh water at spring tide, so as to avoid the corroding 
action of the salt water. The weight on the foundations 
was thus reduced to 23 tons per square foot. The final 
designs for the erection were set! in 1874 in Middles- 
brough with Mr. Gilkes, Mr. Grothé being at that time 
in Holland. (Witness was taken through a lengthy corre- 
spondence bearing upon the subject of the alteration in the 
design of the structure.) The form of the design of the 
cast-iron piers was di in great detail for a long 
time before it was settled. The yas of using iron piers 
was adopted after it had been looked at from every point 
of view, and discussed fully between himself and ;his assis- 
tants. He still held the opinion that it was the one which 
resented the most advantages. It was suggested by Mr. 
rothé that there should be eight columns in each pier 
instead of six, in order that two raking columns might be 
put on either side of the pier in place of only one. But it 
was found that the base they had would have been 10 per 
cent. less in proportion to such a Fe than the present 
ier was to the base. The caisson of 31 ft., which was the 
t ever sunk in this country except one, had inside it 
a hning of brick, which redu the available foundation 


on which they could rest to 27 ft. At the time the desijn | i 


was finally settled he had in his mind the question of wind 
pressure. He was Ce simultan: ly plans for the 
great bridge over ‘orth, and the opinions of the most 


talented men in the country as to its in every 
ae care Sees, & eee ing made by Mr. Barlow 

Dr. Pole specially treating of pressure. Agree- 
ing with the Astronomer Royal, the report made by those 


gentlemen adopted 10 Ib. per square foot as the side 
due to the wind for which Sir Thomas Bouch had 
provide. Witness was convinced that the Tay —— 
was being designed to bear twenty times the weight it 
be required to carry and a much ter wind pressure 
than Sir George Airy i 


res The difficulty about the foundations having led 


and 
him to determine upon having iron column piers instead 


had | of piers of teickwork, the question of the length of the 


aregg S pee going was reconsidered. This was to assimi- 
late the cost of the piers to the cost of the superstructure. 
The piers were now to be each much more expensive than 


girders was more than saved by the 
piers. The ultimate result of all these 
alterations was to put a weight of three tons upon the 
foundations. Witness had given orders, which were 
written down, that the columns should be 1} in. thick, and 
neither he nor any of his assistants ever recollected that he 
had ordered that thickness to be altered. The 15-in. 
columns were to be 1 in , and the 18-in. columns were to be 
ljin. Meetings for consultation as to progress and diffi- 
culties were held at the bridge eo week. The inside of 
the column could not be painted, and concrete was used to 
prevent rust, not to give stability. Arrangements were 
made to secure thorough and efficient inspection of all parts 
of the work as it proceeded. From most careful examina- 
tions, he believed that the work as passed was perfectly 
executed. He had no reason to believe the cast iron was 
of inferior = or the foundry work defective, but the 
breaking down of the piers had revealed imperfections 
which he would have corrected he known of them. 
Unequal thickness in the columns could only have been dis- 
covered by holes being bored. He did not think that the 
unequal thickness which had been remarked contributed in 
any manner to the accident. He did not think that there 
were any for supposing that the holding down bolts 
had mov ——_ their setting. He was not aware of the 
conical holes in the lugs ; had fe known of them he would 
have had them drilled out square. His percentage for the 
construction of the bridge was 10,500/., and he had vouchers 
for more than 90001. paid to all his ins rs. That did 
not include his own expenses. He too! ye Bg a 
to provide for efficient inspection, and did his best to make 
a good job. The ins on by General Hutchinson was 
the strictest that ever been made for the Board of 
Trade in witness’s experience. He thought at the time that 
the bridge was complete and ect and remarkably rigid. 
The bridge was then opened for traffic, and an arrangement 
was made the North British Railway Company 
and himself that he was still to supervise the bridge and its 
maintenance. Mr. Noble was appointed by him to watch - 
the bridge. Mr. Noble made soundi to watch if there 
were any scouring, and he examined the different parts of 
the structure and reported from time to time. When 
Noble’s men were not engaged in soundings, it was per- 
fectly understood that they should be occupied in going 
over the ties throughout the bridge, and he believed they 
had properly done their work. Noble never reported to 
him that any of the tie-bars were chattering, and witness 
was ised when he heard of it. The introduction of 
packing did not interfere with the strength of the bridge ; 

ut if a report had been made to him he would have put in 
new cotters. 

Mr. Bidder read extracts from a large number of letters 
with the view of showing that Noble and Sir Thomas 
Bouch were in continual communication upon the subject 
of the bridge. On the 13th of September, 1879, a letter 
from Noble reported that two of the columns were cracked, 
and that he had made them secure by putting round them 
strong iron bands. 

Examination by Mr. Bidder continued.—In consequence 
of that letter witness went and a the columns, and 
found that three of them had been . He was puzzled 
at the cracks appearing, but as there been severe frost 
he “4 he J occurred through the contraction of the 
iron. The cracks did not in the least weaken the columns 
for the purposes which they had to fulfil. The bridge was 
thoroughly attended to up to the date of the accident, and 
he did not know what more he could have done. After 
the accident he was called from his bed and went to the 
bridge by a special train. He had thought a great deal 
about the accident, and his opinion was t its cause was 
the capsizing by the wind of the second-class ome: 
which took with it the ’s van and came into colli- 
sion with the girder, the force of the blow being the 
momentum of the whole train until the couplings broke. 
His reasons for coming to that conclusion were that the 
engine and tender were found lying on their side, then 
some carriages standing erect, and the second -class 

i and guard’s van on their side. The broken condi- 
tion of the second-class carriage and the guard’s van, and 
the fact of we axle-box — — ts a one a 
carriage bei ‘ound in troug! the girder, where 
they could Fypee got when the gi was standing, was 
conclusive to his mind that left the line. The 


as a good piece of i ing. 
Law’s sketch, and he thought it perfectly visionary. 
The witness was examined at some length as to the altera- 
tion of the structure, the specification, and the casting of 
MMiphe Court then adjourned until Monday, the Srd inst 
un . inst. 
On ‘t onda 


the meeting of the Court on M the cross-exami- 
nation of Sir Thomas Bouch was con Mr. Trayner. 
Sir Thomas Bouch stated that in designing the Tay Brid; 
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He did not specially make any allowance for 
wind , but he had seen the report on the Forth 
Bridge. He did not tell Mr. Stewart and Dr. Pole that 
the Tay Bridge had been designed to resist a wind pressure 
of 20 Ib. per square foot ; he thought the greatest pressure 
would be about 101b. He made calculations, and finding 
that the bridge was designed to bear twenty-five times the 
ex weight, he believed that there was sufficient 
strength to resist the force of the wind. He did not antici- 
pate that the action of the wind on alternate sides and the 
ge of the trains would loosen the ties ; this loosening 
ad resulted from the conical form of the holes in the lugs, 
of which he was unaware. He ha e no provision against 
loosening of the ties. The application of packing pieces to 
the loose cotters would rebrace the piers. If a column had 
gone out of its place owing to looseness of the ties, this 
rebracing would bring it into position again if it had not 
gone over beyond the limits of its elasticity. The limit of 
elasticity of a column was about half the ultimate babmpen | 
strength. He thought that the second-class carriage ani 
the ’s van first canted over and struck the girder, and 
then went bodily off the line. The east side of the frame- 
work of the second-class carriage was not destroyed. If 
the carriage had canted over as he su; the roof 
would first strike the girder, the wind catching the bottom 
of the carriage ; the carriage would then go off the line, 
and present its western side somewhat transversely to the 
advancing van. He did not think the corner of the second- 
class carriage would have been cut off if it had come against 
the girders. The screw coupling of the tender being found 
in the trough of the girder, he thought it must have fallen 
into the trough about the same time that the girders were 
going. He considered the bending of the axles was due to 
their striking the malleable iron ties and plates which 
General Hutchinson had ordered him to put across the way 
beams. He had never seen marks on the flanges of the 
t of any carriages which had left the line and ran 
along ordinary sleepers and 

Re-examined by Mr. Bidder, Q.C.—The axle-box could 
not be got into the girder after the girder had canted. 
Glass from the windows was also found in the trough of 
the girder, which showed that the carriage waned hove 
struck the girder when it was vertical. If it had struck 
the girder when it had fallén, the glass would not have 
fallen into the trough, but into the water. If the tie- 
bolts occupied conical holes, a horizontal strain put 
upon the pillar would bend it over to some extent; 
but when the lateral pressure was removed the column 
would return to its original ition, unless it had 
bent beyond its limit of elasticity. Whatever might 
be said of the + of the ties, the strength of the 
columns was far va any vertical pressure likely to be 
placed on them, and the displacement could not approach 
anything like the limits of elasticity. If there had been 
any permanent set of the columns out of their original 
position there could have been no slackness of the ties. 
When packing pieces and cotters were } oe in the slackness 
was taken up, although it was not done quite so scien- 
tifically as witness would have done it. 

Mr. Rothery said that in putting some questions to the 
witness the Court did not wish to distress him, but it was 
the duty of the Court to ascertain the causes of the casualty, 
and nobudy had a greater interest in that than the witness 
himself. In reply tothe questions by the Commissioner, 
Sir Thomas Bouch stated that in the original design, which 
was not carried out, the weight of the brick piers and the 
superstructure for each large span was computed at 
1962 tons upon an area of 52 square feet. The compated 
pressure for the columns and the superstructure on the 
piers was6tons per square foot. It was intended to line 
the caissons with brickwork, and to fill up with concrete in 
the centre. He excluded the 18 in. of brickwork which 
lined the caissons of the érected structure from eer | 
weight because there would have been unequal settlement o: 
the columns, as brickwork and concrete do not bear pressure 
inthe same manner. He did not think that brickwork and 
concrete were homogeneous. It was with Mr. 
Grothé that the two outside 18-in. columns should be 1} in. 
thick. Witness was under the impression that the bolts 
and Ings would be stronger than ,the ties. It was a 
defect not to have the bolt holes perfectly level and 
a. Suposing the bolts at the bottom of a column 

ad got bent, the tie would become loose. The strain 
upon the ties of the columns would be very little 
even with a ing train. ting to resist the wind i 


brou gh. 


Excep 
very light ties would do. The crack in the columns coul 
not have been occasioned by passing trains — on the 
brake at that point; the cracking only occu where 
there were four pi instead of three. The cement 
would expand on setting and put a strain on the columns, 
but not sufficient to crack them. He had never found it 
necessary to allow for the escape of moisture from the 
cement. On hearing of the cracked columns he went to 
the bridge at once ; but the bands had been put on before 
he got there, and he considered that th y 
pu . He would have rather been without the difference 
of tin. in the thickness of the sides of the column, but it 
was not of much importance, considering the + excess 
of strength which had been given. The ties of the girder 
bracing were 27 ft. apart at the base, and the cutting 
away of two of them would be sufficient to bring the bridge 
down ‘in the wind which iled. More t two or 
three of the ties and struts of the girders were gone. 

By Mr. Barlow.—Dr. Pole and Mr. Stewart calculated 
that there might be a wind pressure of 20lb. a foot, and 
ot wea eee a strain cilly designed te 6.79 
inch. ies were origin: design: 
so as to act as either struts or ties, but 
to flat bars ; a saving of cost was thus effected. 
the Board of Trade provided that in designing ironwork it 


served the 


ould be so arran: that the test tension on an. 
i god five tons to the inch = 


sh 
of it should not exceed 
of the pier was made in two divisions, 





purpose of bearing weight. If the two pieces had been 
connected at the top, that would have given the column 
extra stiffness. He did not recollect the reason for altering 
the bolts from 14 in. to 1} in. in diameter. 

The next witness was Mr. Charles Meek, assistant to Sir 
Thomas Bouch, who was examined by Mr. Bidder, Q.C. 
He deposed that he proceeded to Dundee on the 24th of last 
month, and while there made a plan (produced) of the eastern 
girder of No. 4 span, which had been souenay eee, The 
struts and ties were bent and broken, and he found hori- 
pree Fenyenot which yo to ey Pe macy b 
som scraping over the ‘ace e girder, suc 
marks co’ ing with the height of the roof of a car, 

iage. At the southernmost abrasure on the lattice bar- 
A sang a bolt had been knocked out; the cover had been 
tween the 
to have been driven in with very 
e tie-plate was cracked from the rivet hole to the ed 
of the tie. The ties had been opened in some cases to 
extent of l}in. 

By Colonel Yolland.—The last two rectangles of the top 
boom were gone ; they had been blown off by the dynamite 
ESE AE Wm tno wa ab pra 

r. Bidder.—Ihe m was y 


By Mr. Trayner.—The drawing made by witness com- 

ised two separate pieces of the erection which were lying 
on the beach, but originally they were continuous. ere 
he found the wood. splinters the corner of the cover plate 
was forced away from the tie, it might be 7, in. (Witness 
produced a splinter he had found.) pot to the draw- 
ing the lowest point at which he found splinters of wood 
was 11ft. 2in. above the level of the rail. He had formed 
no opinion whether the contortions of the boom had been 
caused by blasting. 

By Mr. Bidder.—The position of the scores upon the ties 
was marked by measurement. 

By Colonel Yolland.—The paint was scratched off the 
girders, and there were also very slight scratches into the 


iron. 
William Thoms, diver, examined by Mr. Bidder, stated 
that since his examination at Dundee he had been under 
water and seen the second-class carriage lying on its side, 
midway between the two booms, about 30 ft. to the south- 
ward of No. 4 pier of the high girders. The southern pair 
S leboge Panos gone, and Be é ay roof was > The 
rame e van was on the top of the carriage, overlapping 
it 4 ft. or 5ft. There were no sides to the van, and no 
dynamite had then been used. He saw the girder while it was 
under water, and was en; in binding the pi to- 
gether and putting chains from one boom to another. He 
assisted in nyrege J a chain to the third-class carriage, 
which lay on the other side of the north pier. That car- 
riage was 10ft. or 12 ft. from the second-class carriage, 
and it had no end. The water was very clear. 

By Mr. Trayner.—The east girder was lying on its side, 
and the north end of the second-elass carriage was turned a 
little to the east. 

By Colonel Yolland.—Only the leading wheels of the 
second-class iage were found. 

H wey, diver, examined ,by Mr. Bidder, Q.C., 
stated that on the 6th of April he went under water with 
Thoms. He went down near the middle of the second- 

carriage, and found the buffers of another carriage on 
the top of it, the couplings being disconnected. The second- 
class carriage was slung and drawn up first. He then went 
down again and made fast to the thing he had found riding 
on the second-class carriage. The guard’s van was then 
drawn up. Hecould not s of the state of the girder 
underneath the carriage. e van overlapped the carriage 
pb yt extent of about ft. nt tried to ard Lad pared 
the i together, bu lattice-work broke into 
fragments in the process and straining. After they found 
they could not get them up together and intact they applied 
dynamite to the girder and broke it up, and while this was 
going on one of the lighters employed sank with all its ma- 
chinery. 

By Mr. Trayner.—There was no difficulty in raising the 
second-class carriage by reason of its being under the other, 
because the latter was resting on its own end. The water 
was quite dark and he had to feel his way. 

By Mr. Rothery.—The top carriage might have been 
sticking in the girders ; the hinder part was resting on the 


und. 
or William Thoms, the diver, was recalled and further 
examined by Mr. Trayner. He stated that efforts were 
at first le to raise the girder with the carriages in it. 
This attempt being unsuccessful, dynami' 
the effect of sinking the easternmost of two pontoons ; but 
4 never oo the girder with the in it from 
the ground. 

By Mr. Bidder.—The pontoon did not go down on the 
girder, but on the sand. 

John Holdsworth Thomas, diver, examined by Mr. 
Bidder, stated that he had engaged 
wreck of th i 


inside cover and the 





up from the tie, and there were splinters of wood be- | Trade 
i plate. These splinters ap- | was a 
considerable force. | In 


fat i 6in. b 
1 iron . by Fin. 
hed ‘tad 


ite was used, with | in 





pa was all 3 the chairs were also missing, 


bein ~ 
y Mr. Syereth oie ‘with other workmeti tried for 24 
hours to raise the between 's No. 3 and No. 4 


with all that was in it was b’ ht to 
bear upon it, and the chains attaching the top to the lower 
part were broken ; the upper m was also broken 


bro’ western 
into pieces. That would not have much effect in distorting 
the permanent way. . 
By ae oe position of the lower girder was 
not changed. 
The Court then adjourned till Tuesday morning. 
At the commencement of the proceedin; 


director in the company, who died in January, 1876, having 

appointed Sir T. his executor. The shares in the 

pow ry 4 therefore, devolved — T. Bouch, who, being 

unable to get rid of them, had had to pay about 13,0001. in 
em. 


ir Thomas Bouck, on being called, confirmed the state- 
ment made by Mr. Bidder. He deposed that at the time of 
the contract he had no interest whatever in the firm of 
Hoehne, Gilkes, and Com iy. He knew his brother had 
an interest in it; but until his death he did not know to 
what extent. His vrotker died iz 1876, and he was left his 
sole executor. He then found that 35,0001. had been invested 
his brother in the undertaking of Hopkins, Gilkes, and 
pany ; that he was linble for 13,0001. in calls; and that 
he had , with four other di , made himself liable 
to the ers for 100,0001. He (the witness) lost the 
13,0001. Three of the gentlemen were unable to meet their 
ol tions when the company failed, and he remained in 
| aboeprce' along with another gentleman who was liable. 
hey would not let him out. 

Mr. Trayner stated that the result of inquiries made by 
the Board of Trade negatived suggestion as to Sir 
Thomas Bouch being interested in the contract. 

Mr. James Waddell was next b: examined and de- 
posed that he assisted in connexion with the lifting of the 
wreck of the Tay Bridge. He examined girder No. 4 
and found in the trough of the boom part of the 
plate of the second-class carriage, a quantity of glass, and 
portions of the axle-boxes. 

Mr. John Robertson, examined by Mr. Bidder, stated 
that he saw the fourth girder after it was raised, and 
found that in the fifth strat the angle-iron and coverin 
were turned up in three or four places. ‘The strut 
been struck at the side, and the angle-iron was turned out 
straight. He examined No. 5 girder, which was lying on 
West Ferry beach. The wrought-iron tie-bars wh 

bolted to the permanent way beams were bars of 
4 I Two tie-bars were produced, 
beef much im =< S, eg rv of oo tie-bars 
ere anheeet e marks of the flange of a carriage 
wheel. If the after carriages of a train went off the line 
the overiogs in front would become buffer locked, and 
pend a be a tendency to throw the carriages in front 
e line. 

By Mr. es gor FN & common permanent way when 
carriages went off the line the tendency was to tear up the 

By Colonel Yolland.—The spikes holding down the iron 
tie-bars were partly drawn and the sleepers had canted 
over. 

Mr. Thomas Napier Armitt, shipbuilder, examined by 
Mr. Bidder, stated that for some years past he had been 

as a wreck-raiser. He acted as managcr for Mr. 
addell, and raised about 1600 ft. of girder, also the 
engine and wrecked train. It was a mistaken impression 
to suppose that the dynamite had destroyed a great deal of 
the and carriages around the place where it was ex- 
loded. At first they used to sever the booms at the joints 
y sending down a diver with two or three pounds of dyna- 
ee which was placed in the trough; any three feet 
would not be dam » and in some cases 2 ft. might 
escape. In one case the d te had punched a hole 
Gecaee 5 were on 1% bat made by a cutting tool, 
and the plate, excepting the hole, sonaleial gy pie ype 
nted ou 
\ of the girder at which it had 
been exploded. The twisting of the suspension bars was not 
consequence of anything done in the process of lifting. 
He did not believe that the dynamite caused the frac- 
tures in the lower girder shown on the plan. The angle- 
Son nad coves. sine Of te strut (the fifth strut in No. 4 
girder) seemed to have received a violent blow from the 
south, and the angle-iron had been out, The marks 
on the girder were black marks, and the touch showed 
them to be iron itself. On the inside of the 


; 8 
BBE 


ii 
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When he raised the fragments of No. 

the opinion that the carriages had gone off the line, and 

that view had since grown steadily upon him. He knew 

that Sir Thomas Bouch had ex that opaee- He 
ht the whole train, except the engine and ,. went 

off the line. All the axles were bent, as if one wheel had 

been in the permanent way and the other ontside it, 
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.—Mr. had ted ble to conclude that f these gusts, acti the | several bri hich erected in other tries, 
aby eg Taek Me. Gee Me ome |e ee ene cel nee, fo | me ares can acs ese ee 
i or 


NG dis, Rothery. ‘thend of the engine the girder 
. _ engine was 
Ba * broken, the top lying in a slanting position upon 


the le 

By Eclonel Yolland.—The deep bend in the tie-plate 
which had been produced was, he believed, caused by the 
wheel of a carriage off the line. 4 

By Mr. Rothery.—It was very likely the gusrd’s van 
caused the marks on the girder, as it might have jumped up. 

Mr. Drummond, locomotive superintendent the North 
British Railway Com , was examined by Mr. Trayner. 
Witness produced a showing the carriages of which 
the train was made up, also a report which he made upon the 
subject on the 15th of April. The second-class 
was the only one of light construction in the train. If t 
top corner had struck the lattice girder the upper re of 
the carriage would have been carried away ; if the bottom 
of the carriage had struck the girder, the framework would 
have been twisted round, and its east side would have been 
presented to the van. The east side of the frame was 
entire, but the west side was smashed. He did not think 
the carriage could have driven splinters of its frame be- 
tween the rivet plates. He consi that the bending of 
the axles was occasioned by the nipping of the longitudinals. 
He found nothing on the tyres or axles to suggest the 
belief that the carriages had left the rails. e did not 


think of the carriages left the rails until the girders 
had left their places ou the piers. al 

By Mr. Bidder.—He formed that ion from pees em 
looking over the state of the t w it was found, 


he formed it before he had heard the evidence as to the 
condition of the gi and other matters. When he had 
stated that the ti wy Be of the carriage would take 
about 3 ft. from the height, he gave that as his opinion 
assuming that the carriage was 4 ft from the girder, an 
without ) Bo me made any calculation. He was of opinion 
that the greater the velocity of the train the less would be 
the chance of any injury upon the iron structure. To 
account for the bending of the axles of the carriages found 
in girder No. 5, where the rails were said to be oy A we 
an inch less than their ordi width, witness said he be- 
lieved the way-beams had pinched the axles by 
together, an had then to a certain extent recovered their 


a ition. 
ly Mr” Trayner.—The planking which had covered the 


t nay a8 gem, and, therefore, would not help to 
E the longitudinal beams in position. : 
y Mr. Rothery.—He had only considered the carriage 


plant, and not the bridge at all. F 

By Colonel Yolland.—He was of opinion that the engine 
did not leave the rails before it finally stopped. ; 

By Mr. Barlow.— Witness had never known a carria, 
to be upset by wind either on exposed viaducts or em - 
ments, or anywhere else. The steam of the engine was not 
shut off, nor were the screw brakes of the tender or the 

*s van put on. The yoverieg lever was standing in 
the third notch from the centre. e Westinghouse brake 
was fitted to the train, but it could not be ascertain 
whether it had been puton. Ifa driver felt his engine to 
be jolting, the first thiag he did was to shut off the regu- 
lator, but that had not done. 

By Colonel Yolland.—The axle of the engine was bent 
near the boss of the wheel. That might have been caused 
if the wheel had fallen on solid ground, but not if it had 
fallen through water. 

Dr. William Pole, member of the Council of the Institute 
of Civil Raginesrs, F.R.S., examined by Mr. Bidder, stated 
that he had had great yg in the design and construc- 
tion of iron bridges, and had made a special study of the 
behaviour of cast and wrought iron, and the calculation of 
strains. He had to do with the construction of the 
Britannia Bridge, over the Menai Straits. That was the 
first large — 2 which the principle of continuity of 
girders was applied ; and it So oe deal of inquiry 
and calculation as to strain. In 1873 he undertook elabo- 
rate investigations with Mr. Barlow as to a proposed bri: 
over the Firth of Forth, and later he was engaged by the 
Government to as to the Uhelsea bridge. He was 
also a member of the committee appointed by Government 
as to ey a of iron for defensive poem. 2 t > present 
time an engineering appointment under the 
of Trade. In Jan last he was invited by Sir T. Bouch 
to investigate into the circumstances connected with the 
fall of the Tay Bridge. Up tothat time he had:nothing to do 
with the bridge in design or in ang be way. He went 
to cee, ee a ae of Ne 7 gee an a 
spection. He presented a ir T, upon 
subject on Fe! 25. He made an investigation con- 
jointly with Mr. D. Stewart, and p the report 
in the hands of the Court. They had considered the two 
main elements of the bridge : first, the girders ; secondly, the 
ep | also the loading of the bridge and the pressure of 


Mr. Rothery stated that the Court had no doubt what- | broug 


ever that the girders were sufficiently strong. No doubt 
had been thrown on their strength by any portion of the 
evidence given in the case. 
wo Me | yyy at — 
pressure » 288 to . 
cet seats ee ing in mind the weight of the car- 


riages with their seventy passengers, they calculated that a : 


30 Ib. per square foot would be necessar. 
htest of the carriages (the second-class 
when within the of the bridge, and 28} 1b. when it 
was in the open. In the case of the third-class carriages 
the pressure would need to be 431b. and 391b. respec- 
tively. There were, they reported, two considerations 
whi ial importance to this point. First, 
Si were true—as the best authorities po paver FP in 
which acted for limited times and on areas, it was 


wind pressure of 
to overturn the 


Board | reason for adopting different 





to overturn it when the pressure on the whole bridge 
whole train would be much more moderate. Secondly 
when once windward wheel of a carriage was lifted 
off its rail the ar would sreney decrease 
with an increase of tilt, so that if a momentary gust 
gave a start to the vehicle, a diminished pressure would 
suffice ty com the fone mer) Lh. an we a fe 
cause the impinge against the leeward girders. The 
couplings would do but little, they thonght, to hold the 
carriage down. The result of their tions of the 
maximum effect of the wind on Som a 
the resistance that would be offered by the ironwork of the 
jiers to the action of the wind was that they arrived at 
he conclusion that, taking the most unfavourable case— 
when a light train with a large side surface was on one of 
the piers of the bridge—the pier would be stable even with- 
out holding-down bolts till the wind pressure reached about 
344 lb. per square foot. They could not believe that such a 
pressure would ever occur over the whole surface of 
girders, pier, and train, and they thought that before 40 Ib. 
could be reached the train would be overthrown. The 
holding-down bolts would increase the power of resistance 
of the columns to overturning much above this. The weight 
of the girder being 285 tons, the friction on the rollers at 
the expansion joints would be about one-fourth of that 
weight, and Mr. Stewart satisfied themselves that 
the wind could not blow the girder over, even if it were not 
fastened and there were no . 

At this stage the Court adjourned until Wednesday 
morning, when the examination of Dr. Pole by Mr. Bidder 
was continued. Dr. Pole stated that he and Mr. S 
had considered the rays f of the piers in two aspects— 
first, with regard to the load, secondly, with regard to the 
wind. They had estimated that the maximum pressure 
near the base of the colamns from the weight of the super- 
structure was from 1.2 tous to 1.4 tons per square inch ; 
and, that the maximum pressure of the dead and live loads 
together was 2} tons per square inch. Castiron of average 
—v — es a Cy oth 40 tons to _ square 
inch, so that the margin of strength appeared to be ample. 
He did not think the unequal thickness of a column - 
perilled the safety of the bridge, so long as the pressure 
was regular and straight down upon it. The unequal 
thickness would only matter if an irregular pressure came 
— the re, . did _ think it alight No sea of 

ringing ridge down. ere was a mdency 
for long columns to bend, and, therefore, struts and braces 
had to be used ; but in ordinary circumstances the strain 
upon the braces would be very slight indeed. With refe- 
rence to the force of the wind, Mr. Law distributed the 
pressure on the columns in a different way from that in 
— he rey yt Poa Stewart ng 8 done it; but 

t was no i importance, the margin bei 

so large. Mr. Law made the pressure jess than they did 
The first information given to engineers about wind pres- 
sure was contained in a work by Smeaton, who about 1759 
made investigations as to the power of wind and water to 


ed | work mills. Smeaton read a paper on the subject before 


the Royal Society, which contained a Table giving the force 
of a high wind as from 4.4 lb. to 6lb. per square foot. He 
estimated that very high winds exerted a force of from 
Ed A oe an Ay: a “— ae a ray of 
.31b., that being eq to a velocity o miles per 
hour, A great storm he marked as giving a force of 
17.7 Ib.; a hurricane, 31.49 lb., which would tear up trees 
and carry buildings before it; and a tropical hurricane, 
49.2 lb. per square foot. Observations were made as to 
the force of the wind during the construction of the Menai 
Bridge. Mr. Clarke, Mr. Stephenson’s assistant, reported 
that during a violent gale at the time the bridge was being 
erected he found a tube 450 ft. in length, resting loosely 
at each end on planks, at an elevation of 100 ft., only to 
have a lateral motion of 1} in. The blow struck by the 
wind was not simultaneous throughout the | h of the 
tube, but impinged unequally tb . all parts. The witness 
knew of nothing else giving information upon the subject 
till the Tay .Bridge came under <consideration. The force 
of the wind was supposed to be covered by the ordinary 
margin of strength, especially in girders of open ironwork, 
where the wind could not get so much hold. The only 
figures as to wind pressure in 

the case of the Tay Bridge would be that because of ‘its 
dimensions there was a greater probability that it would be 
subjected to the action of the gusts of wind; 20 lb. per 
square foot he thought ample for providing for the wind 
pressure, and that, he believed, would have been the 
opinion of eminent ineers at the time. He and Mr* 
Stewart had cal that without holding-down bolts 
the bridge would withstand a pressure of over 34]b. per 
—- foot. He had taken nocredit for the bearing power 
of the concrete within the columns. The bridge could not 
have been brought down by any statical force, and there 
must have been something in the nature of a shock to have 
ht it down. He was confirmed in that view by the 
fact that the ties had broken by the rupture of cast iron, 
and not by a fracture of the ties. ‘ore there would 
be any danger to the bridge from the force of the wind a 
carriage would be blown over. They had calculated the 
required to upset the two last carriages, and gave 


the indications ted portions of th he 
believed that cy clone cs py ah 


Cn bat tee carriages Leah ne 
wi b eaeret gaenne would be sufficient to produce 
a shock adequate to account for 


by Mr, Trayner.—He had designed 


rders and train and of | ties 


tewart | considered that would be 


had | the execution of the work, and to 





considered that 20 lb. per square foot was amply sufficient 
to provide for at the Tay Bridge. It ag Cennard 
provide for a ter lateral in the Tay than in 
the Forth Bri ec Whether for one or two lines of rail, 
a bridge would be constructed from designs which provided 
for wind pressure. If two carriages came into collision 
with the lattice girder, that would suffice to overturn the 
bridge. If the second-class carriage had come into collision 
with the ties and struts at a high speed, the carriage would 
not have broken, but it would have injured the struts and 


Re-examined by Mr. Bidder.—Witness visited Dundee 
shortly after the accident, but saw no traces of trees hay- 
ing been blown down there. He confirmed what the 
Astronomer Royal had said in 1873, and again the other 
day that in land there might occur a pressure of 
40 Ib. or 50 Ib. on the , and probably more in 
Scotland. He did not know where Dr. ine got his 
figures of 501b.; but arya A anemometer re- 
yn wroes anyt like that in the United Kingdom. The 
stronomer Royal estimated there might be a pressure of 
10 1b. a foot on the Forth Bridge upon the hypothesis that 
high \ oe were of very area, and, therefore, he 
igno them in taking the ure over a large surface. 
itness did not think the evidence showed that the girders 
went first, but he rather inclined to the opinion that the 
pier gave way first. The vis viva from the collision of 
with the girder would be transmitted through 
the column, and, being probably twice as much as the force 
of the wind already pressing in the same direction, he 
r cient to cause the breakage 
of the tie and the fall of the bridge. 

By Mr. Rothery.—Lf the wind blew over the second-class 
carriage he thought it would get off the line and pull off 
the van behind it, the wind projecting both of them to- 
wards the east girder ; and during that projection the vis 
viva would have been absorbed, which witness thought had 
been instrumental in doing the dam He did not believe 
that the pressure of the wind would have any tendency to 
overcome the enormous pressure on the columns at their 
bases. Even if the bolts were not made to fit and the holes 
were conical there would be no chance of the columns 

- Ifa column gave way it must turn on its own 
base, breaking the bolts or rooting up the stones. He did 
not consider it necessary for the strength of the bridge 
that the short girders at the top of the columns bearing 
the bri should have been connected. Narrowness of 
the pier had in no way contributed to the accident, there 
being no evidence that the line of force had even been out- 
side the pier. 

he | Colonel Yolland.—Witness had calculated that a 

d pressure of 34}1b. would. blow over a single column 
Raving no ties at all, and that abouta pound more pressure 
would blow over the second-class carriage. The area of 
the lugs being 9 in., 63 tons would be required to fracture 
them, the tensile strain of cast iron being about 7 tons per 
square inch. The strain on the columns with 20 lb. of 
wind pressure would be 114 tons, with 40 lb. 22} tons. So 
far as the lugs were concerned their theoretical breaking 
strain would have stood 120 Ib. of wind. Being what they 
were, and ees yon, Sa they did at Mr. Kirkaldy’s, the lugs 
were still equal to bearing 40 lb. of wind. 

By Mr. low.— With 40 lb. pressure of wind the bridge 
would be unstable without bolts in the base of the column. 
With a train upon the bridge each of the principal ties 
would bear 114 tons, and each of the four oblique ties 7.76 
tons. Each of the four 18-in. columns gave a resistance at 
its top of 2.3 tons, and each of the four 15-in. columns 
1,06 tons. The failure of the iron round the bolts in the 
lugs arose from the iron being completely pulled asunder. 
He thought the fracture and removal of any one of the 
18-in. outer colamns would have led to the destruction of 
the bridge. From the appearance of the wind ties, showing 
an entire ture in every one that was accessible, he 

ht they had gone first. The columns must be braced 
together, or they would bend and break. If the bracing 
were ,keyed up and did its duty properly, that would, in 
effect, reduce the length of the column to one piece. The 
effect of the strain on the wind ties had been to elongate 
some of them from their orignal length of jin. to fin. The 
movement of the top of the column would, ‘ore, have 
been 2 in., and tha’ must have strained the bolts on one 
side and pressed heavily on the flange on the other side. 

By Mr. Rothery.—If a column bent and the bolts at the 

gave way and bent, the column would get a perma- 
nent set out of the vertical line, and if pieces were put in 
at the shortened side the column would be fixed in its 
position ; but that could not occur to any great 


t. 
By Mr. Bidder.—A column would bend considerably 
before there was any chance of its turning over. 
The Court at this point then adjourned till Thursday 
morning. 








Tue Panama CaNAL.—A corps of i left at 
Panama by M. de Lesseps have been until lately occupied 
in en oa office work relating to the canal, On 
February work in the field, as recommended by M. de 

was resumed under the direction of Mr. P. T. 

Sosa, of Panama, chief of the corps. It is to 

make new levels of a line of railway to serve as a basis for 
everything 


| 


topography ; ta continue a series of bori com- 
nenced, and to make others mberever they may be con- 
sidered necessary ; to continue the series of o ions on 
the tides ; to make transverse profiles, and, as far as time 
will it, to the longitudi rofile of the 

line for the canal. The present work has no other purpose 
than to revise the preliminary surveys, with a view of 
reducing the estimate of work necessary, and the con- 
sequent expense, 
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SURVEYING CHAINS. 
To THE EDITOR wade ay mene 
Srr,— Whilst thanking Mr. J. Oram for his letter 
and laced nny —_ ing the pth of his remarks 


ly, I to hand you a view of a 
p aesh wer handle w ich 7 pb adopting. It is a modification of 





that shown in your recent issue, and one which I believe 
possesses many advantages, more es that the ordi- 
nary pin, forming no part of the handle, 

an addition to it, can be used without fear of 
that damage to the hands which I should imagine would 
accrue from a hard day’s chaining with the other style of 
handle. 

I am, Sir, yours obediently, 


M. Jas. ADAMS. 
14, Upper Fountaine-street, Leeds. 





To THE EDITOR OF ENGINEERING. 

Sr1r,—Professor Oram’s suggested improvement to chain 
handles would certainly insure greater accuracy in chaining, 
but the form renders it Se for irregular position 
where the chain has to —-> in mid air, as in the case 
of chaining across a fore the dle would be found un- 
suitable, or in positions where steep ts necessitated 
eg oe it would be difficult to drop the arrows and hold 
the eas well. The present handle is ——— for 
holding, although from point of accuracy it might be im- 
proved. The writer ee ays the form shown (Fig land 2), 
which} not only embodies the professor’s improvement, but 
has the advantages of the present form. 

By the arrangement shown the arrows could be gripped 
with the handle in perfect line, and strict accuracy thereby 
insured. 





one careying intrument, the the r 

improvemen n rai 

dificult to obtain a mathemati F straight line. 

ap les, to tange a third in continuous line, Kw aittonlty 
ter having sited the line, to fix the third pole at once 

exactly in position ; it is easy of course to visuall: ard 

a but it is not easy to fix the pole exactly 


pees itis 4, 


ae BE, 


organs. 
The writer suggests the arrangement shown at A, Fig. 3; 


pric [Eres 








it consists of two eye-pieces of solid brass, similar to a field 
glass, sliding on the pole, seventh f+ yeecberoreadle 
means of a set screw ; ; to further im ee fel eee 
the eye-pieces could be prepared fer resaivi nk mer a 
ieces were used in ran e m 
ae tr would be poasille. ging a 


In stone enn paved shveeks be tis wetiadmioe® reeds, it is 
often found very difficult to erect ranging poles After 
having ranged a pole in line and marked the position 
previous to fixing it—in driving the hole to receive the 
pole the position is often slightly altered, destroying the 


accuracy of the line. 

The writer st ts the arrangement shown in Figs. 3 
and 4, which enable the surveyor to erect a pole at 
any precise position, and on any surface material. 

yA pressing the catch B!, Fig. 3, and Rhone the ~ 
C over the catch B2, the three steel tripod bars will adj 
themselves to the tri form shown by. the dotted Sines. 
Where the ground is irregular the tripod bars can be 
lengthened by 7 ike slide bars E, and fixed at the desired 
length by the set screws F. It will be noticed that when 
the pole is in position the chain can be drawn alongside 
without interfering with the tripods. The slight curved 
section of the steel tripod bars only very slightly increase 
the oy while the outline of the pole is practically 
unalte 


Yours truly, 
att nahin B. H. Tuwalrte. 
ugh Surveyor’s 
Town Hall, Bolton April 15, Yee. 





TAY BRIDGE, 
To THE EDITOR OF ENGINEERING. 

Srr,—In your last im m I noticed in Mr. Henry 
Law’s report a paragra h which a) sovenrs to me not to be 
very clear, viz., “‘ In reference to the tie-bars, the bearing 
surface of the gib against the slot in the tie-bar was quite in- 
adequate, for while the area of the section of the bar ex- 
posed to a tensile strain was 1.625 square inches, the 
surface of the gib in compression should have 


had an area of 1.86 square inches, whereas it had only a 
surface of 0.375 3 ad inches, or about one-fifth of the 
strength of the bar. 


Now I fail to see ‘why the surface of the gib should bear 
against the slot in the tie-bar, or that it should have an 
area of 1.86 square inches ; for this slot will have a certain 
amount of draw, to allow of the cotters being driven for 
the purpose of shortening the bar between centres, conse- 
quently the gib should never come in contact with that end 
of the slot, whereas the cotter does bear on that end nearest 
tothe end’ of the bar, and the strain is sh proper, and 
which force is dependent on the combined sectional area of 
the two cotters and gib; as they are confined between 
the slots in the tie-bar and links , an allowance of one-fifth 
of the sectional area of the tebe for bearing surface on 
the cotter is } pec sufficient, and will be found both theo- 
retically and practically to be the proportion generally 
used for this class of coupling. Referring to the required 
bearing surface mentioned in the above paragraph, the 
tie-bar being } in. thick would require a cotter 3%3 in. in 


thickness. 
Yours truly, 
Gloucester, April 27, 1880. JouN CHATTO. 


To THE EDITOR OF ENGINEERING. 

Stk, —I notice that in the examination before the Board 
of Trade inquiry into the Tay Bridge disaster, Sir Thomas 
Bouch appears to divide with the late Sir Robert Stephen- 
son the credit of the improvement in bridge construction 
effected by making the depth of girder equal to one-eighth 
of thespan. Now I must protest against a of the it 
being given to either of these gentlemen, otherwise than in 
so far that Sir Thomas Bouch did adopt that proportion of 
pepe es but at my suggestion and after I had demonstrated 
its antages. 

In — year 1855, on the occasion of the readingof a 

pen ie: Mr. Barton “On the Economic Distribution of 

in the Sides or Vertical Portion of Wrought Iron 

Beams” before the Institution of Civil Engineers, a dis- 

cussion ensued on the — merits of the plate and om. 
work forms of construction of girders. In that 

Sir Robert Stephenson ae as a special pleader for plate 

— (see gs of Inst. C.E.). 
The discussion extended oie two evenings, but no con- 





clusion was arrived at. The explanation 8 by | is that | the 


the notion seems to have been en ob tke tee 
that it was necessary to compare examples of t 
methods of construction having similar ions of 
depth to span, and indeed : Tr waieek the 


Newark-Dyke Bridge had been built of 
to 
such as the Conway tubes having a span of about sixteen 
times the depth—in order to te the comparison. 

Ian lotion which T erote te the editor of the Civil En 
neer and Architect’s Journal, fated re of June, 1855, 
and publi at page 236 of vol. x I pointed out that, 
for = just comparison, such a depth th at girder should be 
chosen for each method of construction as was economicall: 
proper for it, and that for an openwork wie, @ muc 
greater proportional depth of structure could be adopted 
with a saving in the mom bers, of Le oar op re- 
quired for the upper and lower without significant 
increase of that composing the web or vertical 
connexion these parts. The following is an extract 
from the ate. I am oy opinion that the most econo- 

ratio 


rtions shallion 


mai bm jected Ge x sued, oy bby? th latter for 





bridges of great spans; and, secondly, in having advised 


the more important plate girder structures— | and str 


the adoption of a much greater depth of girder than was at 
that time usual. 
T am, Sir, your obedient servant, 
Ropene J “g Bow. 
7, South Gray-street, Edinburgh, May 1, 





UNSEAWORTHINESS IN MERCHANT 
STEAMERS. 


To THE leq or ENGINEERING. 
S1r,—Mr. Martell, in his 


of Unseaworthiness in »’’ states four 
features which contribute to Pl pee mar yy In the 
present comm I will only refer to the first, 


unication nomely, 
** small relative breadth to both depth and length,”’ the 
remedy for which he states as “greater beam.” I am 
sur’ that not one of your prone omega y sas interested 
in shipbui pet seen ne Oe point, for I maintain that 
the wr, in 7 pak yn Ws rules are constructed is the 
ane 4 tive breadth to both depth and 
e 
‘ake A case which *. ms, moot comnen. case in 
practice) of a hant who applies sev ee perm 
for a price of a shi to carry, say, 1900 tons d rad ey soe 
Each shipbuilder we ty ran the list of ps apie he has 
built for the nearest one that will fulfil this 
Now we will suppose he finds Mr. Martell’s 
245 x 82.3 17.6, which will carry, for sake of 
us say, 1800 ‘tons. The question arises, 
cheapest shi to build that carry pai ls 
ent? We shall 
on the 


cargo, or about 120 tons extra 

soon find by a short calculation that Sune 
or 18 in. on the beam will give the snired 190 tone 
placement. Suppose we add 2 fh. for extra freeboard 
required, then we 5 Ly: nig: te.gmn some 

ment as 18 =, these cases d's 
numerals will issnecd Mtoumen as + 1.5 and 
ah cae eae of scantling would te the same 
in both cases except that in the broader ship the beams 
would be inereased ty in, in thickness. The following wil 
De the focrente of witght if the ship tnclonad 1000 ‘ 





a 
ip there, 
t let 

is the 
100 tons of 





If Ship 9 in. deeper. If Ship 18 in. broader. 
owt. cwt. 
Frames 16| Frames an she 16 
Shell plating, fc 100 | Shel platings Se. 2.100 
a Me 4-006 ell p B, KC. oe 
Bulkheads _... ne 10} Bulkheads _.., te 9 
Bunkers oon ma 5 | Floors ove 30 
Forgings, &c. i 2| Deck-plating... 50 
148 277 
or about 80 per cent. more Fg omens caused Ae d’s re- 
quirements, if the extra 100 tons of cargo be 
an increase of beam bonus factend of tm taste OF6 
you still further increase your beam or your d to ob- 
tain an increased displacement, the saving ot ht (that 
is of cost) is still more in favour of the Se ship. 
I think this state of affairs should be remedied, for with- 


out doubt the great impediment to building broader ships 
is Lloyd’s rules, Though the reason may be unknown to 
the shipowner, he is often persuaded to build a long narrow 
ship, because it is cheaper for the shipbuilder, to carry the 
cargo that is required in that way. 

In conclusion, I would s tt one remedy for this, that 
—— o—— of depth to breadth a poy Borg nd 
Shosatlon ef this sonortion sbuald oneal in ti 

ion 0 ion carry’ a 
form of additional ‘scantling, so as to favour broad ships 
built, instead of as at present to favour the narrow 


I am, Sir, yours way, . 





March 19, 1880. 
THE a AND THE wna moe ute 
‘oO THE EpITOR or ENG 
Sin,—Thowgh cordially on the Shain, with 
your article on this su , ib soeute to tio thes im tho quite 
proper attempt to es ish the great difference between 


pens een 25 Se 
dice was deficient in stability. I do not think the 
writer means this ; only that he has not sufficiently warned 
reader the impression, as where he 
the Hurydice and some merchant 
capsized and lost without obtaining such 
relief from the wind pressure,” as the carrying away of 
her would hese afforded. I think this suggests 
ie wee ene Snel or vr 
in the masts, whereas it 
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Hampton Wick, May 3, 1880. 








PoPpuLATION oF Paris.—In 1800 the 


was 531,000. In 1880, it had increased to 1,988,000, 
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THE CELLULAR CONSTRUCTION OF 
MERCHANT SHIPS. 
To Tue Eprror oF ENGINEERING. 

Srm,—To any one who has read Mr. John’s paper (as I 
have just done), seeking some information, it must appear 
a very satisfactory state of matters that Lloyd’s on med 
should, through their able surveyors, come before and give 
wths delge of Enswiciey end eapaleaes tf Wass fo asiag 
wide range experience of what is doing 

pee part of the country, and especially when 
that information takes in very recent practice and im- 
ents in ship construction; and this is further en- 
Ceeeed ta value when such gentlemen as Mr. John brings 
his skill to bear on the su in detail, and thereby helps 
the advancement of this subject by pointing out the mis- 
takes which may at any time be wrapped up in an under- 
taking which may be new to many. one who examined 
the s.s. Annette’s construction while that vessel lay at 
Sunderland about 1866 or ’67, I think Mr. John has pointed 
out cae the main causes of this system of construction 
not finding greater favour with the shipowner and the ship- 
builder, seeing that it had received the encouraging sup- 
port of Lloyd’s Register as Mr. John informs us. From 
what immediately follows it would appear however that 
Mr. John is not fully conversant with what has been done 
for and by the aid of the “longitudinal system” in the 
mercantile marine. About the year 1864, Messrs. C. and 
W.\Earle, of Hall, builtjthree iron screw steamers, the Clio, 
1107 tons ; the Juno, 1104 tons ; and the Sappho, 1102 tons ; 
and the Humber Iron Works and Shipbuilding Company 
built the s.s. Norfolk, 1197 tons in 1865, each of which was 
built on the longitudinal system, with continuous keelsons 
or girders for the greater length of the vessels and from 
the bottom plating to that of the water ballast tank top, 
and the transverse frames were unbroken ; the lower part 
of the longitudinal girders was taken out for this pw > 
and had no floors or thwartship supports between these 
longitudinal girders. Both the transverse frames and the 
longitudinal girders were rivetted to the shell (bottom) 
ee , while the upper sides of the latter were secured to the 
-top plating through angle-irons. Thus the bottoms of 
these steamers were e huge +>" cellular girders, 
the bottom plating forming the lower members and the 
tank top plating forming the upper members or flanges. 

The writer has examined these structures, inte y and 
externally, at different periods, and had a rare opportunity 
of ascertaining the practical value of this cellular . 
ment about the summer of 1868, when the s.s. Clio (the 
first named) was brought to Aberdeen, by Messrs. Leckie, 
Wood, and Munroe, to whom the vessel was sold as an 
abandoned wreck on the quicksands of Fjand, where it had 
been half-buried for about eighteen months, being 17 ft. 
down when the enterprising purchasers got possession and 
dug the vessel out; and notwithstanding the fact that this 
firm, before finally launching, removed all the ways from 
below the vessel, excepting at the end, for ten hours, when 
they took careful y= on the iron deck, the vessel only 

lin. The dimensions of this vessel were—length 
ft. ; breadth, 30 ft. 6in. ; depth, 20 ft. hold. This ve 
was restored, and the machinery overhauled and improved by 
the above firm, who sold it to a steamship company at 
the port in which it was built. In this same year there 
was another iron screw steamer of the following dimen- 
sions, viz.: length, 263ft.; breadth, 30 ft. ; 20 ft. depth of 
hold, built on the longitudinal system, with girders rivetted 
to the bottom and tank-top plating, as in the foregoing 
steamers, only that the transverse frames in this case were 
sup: by thwartship plates, fitted between, and rivetted 
to the longitudinal girders, which had manholes cut in 
them for future access and irs. It may not be out of 
place here te say that all these vessels were built under the 
surveyors of, and were each classed in the Liverpool 


It is a coincidence worth noting here, that in the aa 
1870-71 Messrs. Backhouse, Dixon, and Co., of Middles- 
brough, built two vessels of a similar combination of longi- 
tudinal and transverse water-ballast bottom to that carried 
out in the Fenton in 1876, and for which Mr. Jobn, in his 
, claims for two of his colleagues and himself to be the 
i , although such was not mentioned by one of those 
peculiar arrangement in a = hwy — 
in his paper before Ww 
{perbaps they had some diffidence on this point 
then, and were waiting to see their scheme tried); and 
now, by the » we are informed that the arrangement 
worked ont in Fenton bas been taken up ‘geese of the 
foremost shipbuilding firms in the country. existence 
of these Middles! h steamers and others may not have 
been known to Mr. Jobn, and he be prevented from 
i they were also built the survey of and 
other Registry. Yet, Sir, you will see that 
system of shipbuilding i i 

made to do 


hich k 

another structure on the tops of these floors, as 
is commonly the case ; but it was also found by those who 
carried out this arrangement that they had not thereb 
succeeded in overcoming the obstacle which I am inelined 


tile | g-in. iron rivets mans { 





ical men and firms are followed by 


ment by firms, we 
can understand how feel under the 
trammels of restrictions which are no longer tenable, when 
they are desirous of benefiting all concerned by their pro- 
gressive improvements. 

It is, perhaps, now more important than ever, that all 
superfluous weight should be laid aside and materials saved, 
which do not give their equivalent in strength or usefulness 
in a vessel. is I think was one of the principal aims 
Mr. ,Scott Russell had in view when he designed the 

From instances I have given it will be seen that such 
examples as the s.s. Sentinel have been built before and 
after this vessel’s date, that some of these samples have 
done good work and have shown ‘great endurance under 
severe test, and that in supporting su: Fp epee schemes 
the Underwriters’ Registry have exhibited the possession of 
80) practical judgment, which has not come short under 
trial, while they have enco' these early attempts at 
oy our mercantile marine. ' 

hat Mr. John says on the defects of tank-top plating 
being laid across, instead of fore and aft, or longitudinally, 
must receive the support of any intelligent practical o " 
as it is so — to any one acquainted with water ballast 
formation, that it need only be pointed out to those who 
are about to construct water for the first time. 
But when Mr. John advocates transverse strips on the top 
of the ballast tank I cannot think he has given the same 
socdalty cite: pointing Gok tan Solusiive wane whieh 
es poin ou e ive waste whic 
resulted em the Annette’s style of construction before these 
tranverse strips were curtailed to the advocated diamond- 
shaped straps, at the intersections of the longitudinal with 
the transverse frames. These, I think, Mr. John will find 
well substituted, and the severed members tied by the solid 
plate, as com: with the seam or butt of the tank-top 
plating. It is not necessarily a portion of this kind of 
structure that a seam should run the whole length of the 
tank top at the centre or any part except where the tank 
top terminates at vessel’s sides. 
ss ch nolting Ee anveh. eainals oe Ww traneenes 
e great s up by transverse 
of longitudinal, girders, in the engine and boiler 
spaces, which appears a paradox to Mr. John’s paper, and 
his reason for showing this preference for transverse 
pes or Cops heads, as he elsewhere calls them, 
am as ill able to comprehend as I am the alternative name 
he gives those members in the structure; but I must say 
that, in a paper setting out with such practical in- 
tentions, addressed to a body of qualified men, it would 
have been better if Mr. John got beyond the teachings 
of the student’s elementary text-book. 


Yours obediently, 
Liverpool, April 24, 1880. James LYALL. 


restrictions on able 
such outbursts of 


van 








STEEL SHIP CONSTRUCTION. 
Steel in the Shipbuilding Yard.* 
By Wit114m Deyyy, Member of Council. 
(Concluded from page 331.) 
Last year my partner, Mr. Brock, had occasion to have 
xperiments on rivetted joints made by Mr. Kirkald: 
These joints were formed of steel plates, and rivetted with 
steel rivets. In four cases i 
took place, and these 
19.2, and 19.8 tons 


disq 

our skin butts in the steel ships we were building 

length amidships, completing all the rows, so as to bring the 
pane = cbr pe whe to the of the most heavily 
Be part of the plate. The ao as 
eet eeke aa at aiken: shear- 
tensile stren uare area are supposed 
be identical. We, Hose, ‘countgensed 


this expedient wo i 

rivets. The results are shown in Tables VIII. 

a combination of the two sets of tests in Table X. 

these, it may be remarked, that the hand rivetting shows 
much less regularity than the hydraulic, and is, on the whole, 
inferior to it. If we judge purely by the +r rivetting, 
we may assume that the scrap-steel rivets have about 21 per 
cent. more shearing strength than iron rivets, and that the 
homogeneous steel rivets have about 5} per cent. more shear- 
ing strength than the scrap-steel rivets. The difference be- 
tween the scrap and homogeneous steel is slight. Between 
the scrap-steel rivets and the iron ones 21 per cent. of a dif- 
ference should, however, be sufficient to recommend the 
former, or rivets of homogeneous steel. If any action of a 
galvanic nature is set up between the steel plates and iron 
rivets, as has been suspected, a further reason for  pcnareapag 
may be advanced. It may be asked why the steel rivets in 
Mr. Kirkaldy’s tests sheared at a mean of nearly 20 taen pee 
square inch, and those in the experiments now described at 
say 24} tons. In the rivets tested by Mr. Kirkaldy the 
diameter was 1.13 in., while in the rivets tested by us the 
diameter was .82 in., and it is possible the smaller size of 
rivet may, —s Reneedeatene awk shearing 
strain. It is possible that ing a single rivet may 
show more favourably than shearing a number. The blunt- 
ing of the edges of the holes seems to have wom the hy- 
draulic rivetti up from 23.3 to 24.3 tons, the hand 
rivetting from 21.6 to 24.3 tons shearing strain. Taking a 
fair view of the matter, I do not think it would be prudent 
to assume in ship rivetting—which must in the most im- 
portant part, the skin, be done by hand—a weeny | 
strain than 22 tons per square SS say, 
tons for an iron rivet. Granting this, it would seem that a 
full reconsideration of the subject of rivetting in steel is 
called for; and we should recognise that the same rules can 


Tasxiez VIII. 


Experiments on the Shearing Strength of Rivets—Steel and Iron—one Rivet in each Specimen subject to Double- 
Shearing Action. 


Hand Sketch of Specimens-- 


Fug. #. 


4 i ide ddbddaddddddidddas 
SSS 











| 


| 
Diameter 
| of Hole, 


g-in. steel rivets nou} | 


from homogeneous 
steel ... eee ws 








Rivetted by Arroll's 
hydraulic machine 


| y } Rivetted by hand 


Shearing Force, 


; Per 
Total. 





Sheared on both surfaces. 
Sheared on one surface. 
Sheared on both surfaces. 
Sheared on one surface. 





fin. steel rivets made 
from scrap steel 


Hydraulic Sheared on one surface, 
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from best scrap iron 











Sheared on both surfaces. 
Seared on one surface. 
Sheared on both surfaces. 
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Holes in next four slightly countersunk, thus :— 
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508 1.006 | } 


522 bee} | } 


§ in. scrap steel rivets } { 
-503 


j | . Sheared on one surface. 
Sheared on both surfaces, 
Sheared on one surface. 
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Hydraulic 
Hand { 





All the holes in the above were drilled. 





* Paper read before the Institution of Naval Architects. 
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Tapue IX. ie : : TABLE cea ose pry) eg at Lloyd’s. 
Experiments on the Shearing Strength adam > Saag Rivet in each Specimen subject to Double- (Rejected Plates or Bars not included.) 
Fug. 6. ' : Breakin Elongatio 
Number of J py teed 
Angles tes.| Strain Cent, on Eight 
Ship. — Square Inch, 4, tte 
a3 ) 25.3 
4 sal 
} © | - i ” Pikes” any ‘ 29.0 21.9 
i 28.6 23.6 
mpering. 295 Angles, &c, -...| 28.80 22.70 
Diameter} Area of —_ n Plates ... oon 29.65 22.53 
of Holes.|; Holes. Holes. ain * . 29.225 22.615 
P Inch. 226 Angles, &. ...| 30.208 21.67 
~ <9 o-, ins ie Plates... ...| 29.87 21.58 
tia stot svete naan (| 238 | it | “Eat” |) yaa {| $098" | $4 |Benretomtot marta]. ee 
from homogeneous | 825 535 107. | } Hana f 27.36 25.6 Sheared on one surface. 233 Angles, &0,  ... 29.41. | 23.38 
Eee 815 522 1.044 | 26.03 24.9 |» ms 7 Se es 9046 23.16 
| | Fe 28,985 22,77 
815 | .522 1.044 } Hydraulic { 23.84 22.8  |Sheared on both surfaces, 
q-in. steel rivets om} e n ” 7 24.11 23.1 a ” General average}... ... a 29.125 22.652 
scrap steel... eee Pm # ” Hand 23.08 22.1 ™ ~ 
- . . ss { | 22,95 22.0 = " 
hardly apply to a material — ie Sons nem of 
22 tons, against a tensile strength o: tons, as apply toa 
gin. tron rivets mado; “| *% | 19% |} siyaramne — {] 2869 | 189  |Sheared-on-one surtece.. | itscil Raving the ono 19 sad the other 90 tone, We 
from best scrap =} 82 528 | 1.056 } Hand f 20 40 19.3  |Sheared on one surface. | shall require pro ly more rive in steel than in 
# » | om *18.66 17.7 ” ” iron, and in the butts especially. For the length amid- 
























Gy , 








825 


fin. scrap steel rivets } ‘| 815 


82 


535 
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528 


1.07 
1.044 } 
1.07 
1.056 } 


4.86 
Hydraulic = {| 35-55 
Hand ie 


EES 
wo wo 
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z= on one surface. 
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All the holes in the above were drilled. 


TABLE X. 


Experiments on the Shearing Strength of Rivets—Steel and Iron—made by combining Results given in 
Tables VIII. and IX. One Rivet in each Specimen subject to Double-Shearing Action. 
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S i Shearing Force. | 
i> i & 3 $ . 
= Zs <= | Means. | Means. 
© 3 } a=} 2 ° P . 
Be < om | er | 
aco | as. . | Total. | Square 
aa | as Inch. | 
in. | im in. | 
r| .82 528 «| 1,056 | | 25.40 24.0 he a 
825 BBS 1.07 ; sane" ws hydraulic 1 26.25 | 24.5 | } ai fue 
§-in. steel rivets made from homo- = = A | = = ’ 
us steel] ace isa sub ‘ | c ; 2. 
geneo 2 | ” as Rivetted by hand {| 2170 | 303 $21.35 ba : 
825 585 107 | 27. 25.6 ‘ ‘ 
L| ‘sis | ‘sa2 | 1.044 3 Do. {] 2603 | 249 [52528 > 
j ' 
( 82 523 1.056 } Hydraulic f Hp 4 | }2a7 | 
sis | uz | 1.044 384 | 32.8 | bans 
q-in. steel rivets made from scrap ni } ” } Do. { 24.11 23.1 } 22.95 
steel ... eee eee eco nite 82 528 1.056 $ Hand f Hy 97 } 21.2 i 
sis | 622 | 164 ¢| 23.08 | 921 | 21.6 
ee iol | ee 
! 
:| 805 | 509 | 1,018 | ' 90.05 | 19:7 
‘810. | .515 | 1080 3 Hydraulic {| i982 | 192 |¢ 1946 ‘is 
815 522 1.044 |) Do ; | 19.69 18.9 } 19.1 
g-in. iron rivets made from best!| ., # » 3 | 20.18 | 19.8 
ecrap iron ... . ove eee 815 i 1,044 | } Hand { -: = 4! pis 95 
82 528 | 1.056 } Do. f 20.40 | 19.3 }18 He | aged 
\ | 18.66 17.7* 
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535 1.07 

522 1,044 
522 1.044 
503 1.006 
535 1.07 

528 1.056 
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ships, I think, in any steel steamer of over 300 ft. long, treble 
chain rivetted butts would be a prudent precaution from bilge 
togunwale. Such rivetting would also havea s ten- 
dency to steady the butts of such thin material against local 
panting. The butt straps also should be made considerably 
thicker than the plates on this account. 

One of the most important points in connexion with steel 
is to get at some idea of the mean gth 
obtained in it under a given set of test conditions. To illus- 
eS ee fo Ses Ah mare 
strains of an and plates, separately, as 
from all the teste made (exeluding ), no the tous tan 
going steamers we have built of to Lioyd’s class. There 
is also shown the mean percentages each. 
Lloyd’s conditions are that the tensile strength must not fall 
below 27 tons, nor exceed 31 tons per square inch, and that 
the percen of extension on 8 in. m 
per cent. mean of Lloyd’s limits of tensile strength is 
29 and, if you will look on the Tables before you, you will 
find only one instance in which the mean tensile strength of 
the falls below this, and only slightly. The angles 
and bulbs fall below the mean in two out of the four = 
The extensions are wonderfully even and good. T t 
mean tensile strength all over, it stands at about 29.137 tons, 
with a mean extension of 22.65 per cent. Ag a result in 
attempting to meet a given set of conditions, and to meet 
them at the same time safely and well, I thing ep teens 
of a ready commendation ; and the Steel Company of s 
the makers of all the steel used in these four steamers,.cer- 
tainly deserve credit for their success. 

Looked at, however, from a 

ted with 


uare inch, 
the plates will probably drop 7 £05 fone 
lower. In the face of this contingency I think Lloyd’ 
have been only prudent in ing the reduction of scant- 
ings to an over: of 20 per cent. 

ut is it ' r we should restrict ourselves to such 
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PRICH LIST OF MATERIALS. 


METALS. 


£ 

AytrmonY Ors (per ton) o 
Bogalg@h (star) .........+0068 69 
Baass Ib.) — 
Sheets 48 2 


Corpse (per ton)— 
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” 08 one am 
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LBAD ( 


” ” 
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1a0N Pie (per ton) — 
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acco 


coed 6 ft. 


ecoscoce 


ongsi.le). 


s. 4. a. . 
82 ewages, 5 
75 | above ....... 
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Pinions and cog-wheels... 
Hammer _ tups, 


Shropahire........c.cccccceoeee § ° 
North Staffordshire ° 
South » 7o © 
Yorkshire Thornaby pig 

BHO, Wise ccecccee 


ecesescerss §§ © 65 owt........ 


[zon, WaovueuT — 
Cleveland angles............ 


6 hoops......... 
Welsh rails S.W............. 
bars , 
» boiler plates,S.W. 9 
»  hoops,S.W.......... 8 
r ton)— 
Soft ge > ape aes OO 


| PaospHor Baonze— 
(per ton)..... 
QUICKSILVER (per bottle) 


| SPSLTSR (per ton) — 
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SPI8GBLEISEN (per ton) — 
COMMON. ...... 00. cercereeeeeres 
STEEL (per ton)— Derbyshire............. 
Bes ecccerssccosceces as 
» double shear ......... 
+ Single ,, ° 
English spring 
BRISIEP 20020000000 


STeeu CASTINGS (per cwt.) ~ 
Hydraulic cylinders in 
the rough not to ex- 

in length, 


8> Holders-up for rivetting 
machines, &c., 1, to 5 
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SCeOnooceeogoood 
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Barrow 





Lancashire ...... .ccecseres 
Newcastle and Durham... 


eccooceoeooo 


OILS (per tun) — £ 
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Seal, brown 
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COAL oil, refined 
RANGOON engine oil 
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OILS, GREASE, & LUBRICATORS. 
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shipbuilding material. This practice consists in testing in 
the yard after delivery of the material, and has been the 
source of exceeding annoyance, ex and delay to builders 
using steel and classing at Lloyd’s. It is condemned by the 
practice | oe — oe Aa French Pines by, i 
practice t iverpoo erwriters’ istry, and by 
the practice of Lloyd’s Registry, in so far as boiler plates are 
concerned. It is aleo, I believe, condemned by every builder 
who has had the misfortune to suffer from it. Permit me to 
point out as shortly as possible the main objections to testing 
in the 8. 

The first is that it never can be as efficient as testing at 
the manufacturers’ works upon the material as rolled, be- 
cause there the surveyors can see a bending test made from 
each plate and bar as they are sheared or cut to length. It 
must also be remembered that tests cin be enforced more 
rigidly, and will be accepted more willingly at the makers’ 
works, upon small quantities than in the yards upon large 
quantities, made a by carriage, and certain to be made 





more so by return car . A second objection is the 

expense thrown on builders of forming a testing staff, and 
erecting a machine or paying for the services of a =— 
machine, when the necessary apparatus and staff already 
exist and act at the makers’ works. A third objection is that 
the shipbuilding yard is turned into a storehouse for material 
which cannot be immediately used, and may not be used at 
all. Any practical shipbuilder will readily understand the 
pecuniary loss and delay involved inthis. A fourth objection, 
and the most serious, is that the delays and uncertainties in- 
volved in testing at the yards, not only tend to, but actually 
do, di ise these establishments. In the case of my own 
firm, we have lost some of our best workmen through this 
cause. I understand Lloyd’s Committee have it under consi- 
deration to remove this very serious difficulty, and | sinc r-ly 


we | will do so. 

nother difficulty in the way of steel is ite supposed greater 
liability to corrosion than iron. Till now, upon this point, 
my firm's experi has been small. The seping paddle 
steamer built of Bessemer steel by us in 1876, been so 
far upon most favourably in regard to the matter of 
corrosion, On the other hand a small twin-screw built by 
us of Siemens-Martin steel in 1878, for trading in the creeks 


water- 


The fourth difficulty in the way of steel is the doubt 
entertained by some as to its reliability and safety in actual 
service inaship. This doubt it will, I believe, finally and 
fully overcome. Our experience, already referred to, of its 
behaviour under manipulation ought to tell strongly in its 
favour, and the — on the docking and repairing of our 
first sea-going steel steamer, the Rotomahana, after running 
on to and over a rock, ought to convince many not only of 
the reliability but of the actual safety of properly made steel. 
This report I have been permitted by the Rotomahana’s 
owners to add to my paper, and it will be found in full in the 
Appendix. Personally I am of opinion that it is a mere 
matter of time till steel supersedes iron, and its steadily 
lessening proportionate cost will undoubtedly hasten that 
time. 


APPENDIX. 


Report of Repairs to s.s. Rotomahana, executed in the 
Graving Dock, Port Chalmers, and rendered necessary by 
the steamer touching on a rock while running an excursion 
se Auckland to the great Barrier Island, on New Year's 

lay, 1880. 

On examining the bottom it was found that on the star- 

board bilge, at the bulkhead between the forehold and the 

stokehole, about 20 ft. of the fourth strake from the keel was 
all more or less indented, one plate particularly, 14 ft. by 

8 ft. 7in. by }in. thick, being very badly indented between 

the frames. [his plate we decided. to remove, and started 

doing so at 7 p.m. on the 7th inst. The removal occupied 

twenty-four hours, as all our tools broke in the work, and a 

new set had to be specially made to stand the steel. The 

plate looked so bad that it was doubtful whether it was worth 
while spending any time over it ; however, we decided to give 
ita fair trial; and it was put in the furnace and heated for 
two hours, then taken out and hammered on the blocks. 

This process bad to be repeated three times before the rollers 

would take it in, but when it had passed through the rollers 

it really looked like a new plate perfectly sound ceed yw 

In working it stretched ¥, in., but by paring a little off the 

ends, the rivet holes at both the landings the butts, came 

in exactly as required for a fine fit. Seven of the frames 
were badly bent, with a curve tending both inwards 
and alt, two being bulkhead with double angles and 

~— strong. 5. 

he floors were cut and the frames thoroughly examined, 
but we found no sign of crack or strain in the material. 

Gamnen wage hentedl end restraightened and rivetted to the 

floors. All the rivetting was com 





The | Bessemer or mild steel, which 





cemented, and the ceiling laid and bolted down as before. 
The bottom was coated with McBean’s anti-fouling composi- 
tion, and the top sides ee 

The steamer was safely floated out of dock on the 10th 
1 at 11 p.m., and sailed for Melbourne at 5 p.m. next 


ay. 
(Signed) 
January 15, 1880. 


A. CamERon, Marine Superintendent. 


Extract from Letter of Managing Director of the Union 
Steamship Company of New Zealand referring to the 
Rotomahana’s touching on a Rock. 


‘This experience has shown clearly the immense own 
of steel over iron. There is little doubt that had the Roto- 
mahana been of iron, such a rent would have been made in 
her that she would have filled in a few minutes. A number 
of frames were set back by the force of the blow, the bulk- 
head was bulged and the plate was corrugated, and yet there 
did not appear one crack anywhere. e would, however, 
require better tools than we have at present if we are to have 
—t further of this nature, as the steel proves very 
difficult to work.” 





CiviL AND MecHanicaL Enatnesrs’ Socrety.—At the 
last meeting the debate was resumed on the important paper 
on the ‘‘ Fracture of Cast Iron,’’ read at a recent mee of 
the Society by Mr. James Love, F.R.A.S., F.G.S._ The 
chair was occupied by Mr. William C. Street, the Presi- 
dent. Mr. Love supplemented the information given in hii 
paper by some valuable obscrvations, accompained by experi- 
ments with the polariscope, showing the lines of equal 
stress, and specimens of cast iron and steel under the 
microscope showing different descriptions of fracture. A 
discussion took in which Mr. Harkness, Twigg, 
M.I.C.E., Mr. croft, Mr. Haughton, Mr. Valpy, 
M.1.C.E., and Mr. Rymer Jones took . Various 
oa _ ad the failure of i vod and 
gene assumed, and the failure ipes, columns, 

f ions of cast iron. The President said there 
was no doubt that many professional engineers knew much 
less about the nature of metals than they ought to. There 
was no doubt there was another m that would 
enter largely into building construction, namely, modern 

engineers and architects 
would have to deal with more than with cast iron. A 
inl vote of thanks was passed to Mr. Love. Mr. 


ibited to the aeuees. 6 vey Rees 
‘or 


Jones 
a 


» which he has recently invented for pl 
Ss of the d over which it is driven toa 
scale. It is designed to lessen the cost of railway and 
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AMERICAN IRON AND STEEL WORKS. 
By A. L. Hotey and Lenox Smita, 
No. XXXIX.—Tae Sprinerretp Iron Works, 
SPRINGFIELD, ILLINOIS. 


Tue Springfield Iron Works at Springfield, 
Illinois, occupy a level tract of 45 acres, and the 
plant, which is thoroughly modern, includes a 





Springfield, the capital city of Illinois, lies in the 
west centre of a vast aud fruitful prairie which ex- 
tends above 500 miles in either direction. This rich 
and growing region is already traversed in every 
direction by railways, eight of which (five railway 
corporations) radiate from Springfield. A varied 
manufacturing industry has also naturally grown 
up to supply Tesal demands. But the agricultural 







Fig. . 
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puddle mill, an iron and steel rail mill, a pair of 
15-ton Pernot open-hearth furnaces with cupolas 
and Krupp’s washer, a blooming mill (containing 
room for a plate-making plant), and an iron and 
steel merchant mill. Siemens’ gas-heating furnaces 


are used throughout the works. 








Open-hearth. 


resources of the region, and their demand for iron 
and steel, did not chiefly determine the placing of 
iron and steel works at Springfield, A bituminous 
coalfield of many seams underlies’ the whole 
southern part of the prairie. The shaft that 
supplies the Springfield mill is but 500 ft. from the | 











works, and the contractor delivers coal by means of 
elevated railways, to the producer and boiler-house 
floors, at 75 cents (3s.) per ton. 

Iron ores are not quite so near, but they abound ia 
— variety and in every direction. St. Louis, the 

ron Mountain, and Missouri ore and iron market, is 
95 miles away ; Chicago, the Lake Superior ore and 
pig market, is 180 miles in the other direction ; these 
are Bessemer irons. The impure and cheap ores of 
Western Kentucky and Tennessee are 300 miles 
south; and there are nearer but undeveloped ores 
in Southern Mlinois. 

The general plan of the works, Fig. 1, annexed, 
explains itself. In the blooming department A 
is the train, B are gas furnaces, D are boilers, and 
C is a place reserved for plate making. In the bar 
mill H and J are trains, G gas furnaces, and F pro- 
ducers for this and the blooming mill, The uddle 
train is at L. The rail furnaces (gas) are at M, the 
rail train at N, and the finishing department at P Q. 
There are boilers at R and producers at K. A larger 
plan and section of the open-hearth plant are given 
in Figs. 2 and 3 on pages 374 and 375. Details of 
the blooming train and tables appear in Figs, 4,'5, 
and 6 of the two-page engraving which we publish 
this week, while the hot curving apparatus for rails 
is illustrated by Figs. 7, 8, and 9. The hot bloom 
shears are shown by Figs. 10, 11, 12, and 13 on the 
present page. 

The Open-Hearth Plant. — The Springfield Iron 
Company were the first in the United States to 
adopt the Krupp system of washing phosphorus out 
of pig iron, and the second to introduce the Pernot 
revolvingand movable hearth —two systems essential 
to the cheap open-hearth steel manufacture not yet 
adopted in Great Britain, The arrangement of 
open-hearth plant is essentially different from the 
European type, as will be seen on reference to 
Figs. 2 and 3 on pages 374 and 375. The furnaces 


Fig.N.\. 


stand high enough to give a roomy and well- 
ventilated floor all around them on the general 
level, and also a conveniently shallow casting pit. 
The upper part of the regenerators, and also the 
reversing valves, stand accessibly above ground. 
The charging floor and appurtenances are on the 
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opposite side from the casting department. A 
movable charging platform on the tapping side, as 
at St, Chamond, is highly inconvenient. 

Casting is done by means of an ingot crane of 
large radius, rather than by the less convenient and 
less easily moved ingot car. In the best practice 
there is an occasional “‘ mess ;” a ladle car is likely 
to be disabled by an accident in tapping or in pour- 
ing, but the parts of a ladle crane liable to injury, 
are out of reach of a “‘mess.” There is a platform 
in front of the furnace for dressing the tap hole. 
The arrangement is such that the ladle may be 
moved over the ingot moulds ; or steel may be run- 
ning into the ladle and at the same time out of the 
ladle into a group of moulds, 

The furnaces, however many may be ultimately 
erected (there is room for an indefinite number), 
will stand in a single line, and not in a double line. 
The latter arrangement places the always hot cast- 
ing department in an unventilated pit between two 
fires, and it requires the bringing in of materials and 
of on both sides of the works, The single line 
of Tesnenee gives a concentrated stock-yard and a 
producer-house (reached by the same elevated rail- 
7 system) on one side, and a cool casting house 
and an ample ingot yard on the other side. ‘The im- 
portance of convenient arrangement, and of habit- 
able working spaces, has been amply proved by the 
output of American Bessemer works. 

he chief advantage of the revolving hearth is 
mechanical agitation, which facilitates the chemical 
reactions. The obvious and important advantage 
of the removable hearth, is convenience and economy 
of repairs. The hearth may be withdrawn every 
Saturday night (this frequent withdrawal is not 
usually necessary); the hearth and the roof then 
cool so rapidly that their repairs may be made on 
Sunday ; the furnace is heated Sunday night, and 
the usual charge is got out Monday forenoon. The 
ordinary repairs do not, asin the case of the sta- 
tionary hearth, interfere with the continuous pro- 
duction of steel. 

The sustaining and er wen, gt of the hearth 
are not materially'changed from Mr. Pernot’s designs, 
except that a water-cooled centre pintal has been 

rovided to resist the lateral thrust of the hearth. 


he hearth must necessarily run out for ~ 


not only on the charging side, but through the 
charging floor, In order to avoid the trouble of 
taking up the charging floor when the hearth is run 
out, that part of the floor behind the hearth is 

laced on a carriage that rests on the same railway 
that sustains the hearth. 

The arrangement of the pig melting and washing 
apparatus is intended to promote the least hand- 
ling of materials, and also good ventilation. 
This matter of ventilation, so often alluded to in 
these articles, is one upon which the authors lay 
very great stress, ‘The concentrated heat in the 
working places of many works which might be men- 
tioned, is so trying that men—all the men that can 
be put there—cannot do a normal day’s work, and 
cannot continue the work they do year after year. 
It is not only economical, but it is humane, to 
arrange a plant so that men can comfortably perform 
the best work there is in them. 

The cupola furnaces are set 12 ft. from the open- 
hearth house, and their débris (drop bottoms) and 
slag discharge are directed away from other furnaces 
and operations, One hydraulic hoist raises materials 
with equal convenience to the charging floors of 
the cupola, the washing furnace, and the steel fur- 
naces. The flow of fluid metal from the cupolas 
to the washing furnace, from the washing furnace 
to the ladle, and from the ladle to the steel furnaces, 
is short and direct. 

It will be observed that there is no lateral trans- 
ference of melted metal in ladles; the washed metal 
ladle stands permanently on a lift, and is once 
raised vertically. The time and labour attendant 
upon swinging, turning, and drawing about heavy 
ladles on cranes, turntables, and sats are expensive, 
and the danger of accident is serious, 

The output of the open-hearth. plant cannot be 
exactly stated until it is got into full working ; only 
one furnace has been running for a few weeks, The 
8-ton Pernot furnaces at St. Chamond make four 
heats per 24 hours from unmelted pig and scrap; 
experiments there with washed pig show that a 
charge can be made every four to five hours. 

The hearths at Springfield prove lange enough to 
convert 20-ton charges with facility. ith cold pig 
(30 per cent.) and cold scrap, 24,000 lb. heats have 
been made in four hours, and 40,0001b. heats in 
eight hours, The regenerators prove abundantly 





large, and the burning gas plunges down upon and 
flows over the whole surface of the bath in such a 
manner as to heat it with the greatest efficiency. 
The only difficulty experienced, so far, is the rapid 
wear of the side | ens of the hearth ; this will of 
course be overcome, as it has been at St. Chamond, 
by the improvement and adaptation of refractory 
materials. The importance of the removable hearth 
has been strikingly demonstrated; the hearth has 
been run out (by means of a chain from an ingot 
crane), its lining entirely replaced, and again run 
under the roof, in seventeen hours from the tapping 
out of a charge. Meanwhile a part of the roof was 
renewed. It is now confidently expected that 
one of these furnaces will produce 100 tons of ingots 
per 24 hours, from Krupp washed material. 

The Blooming Mill.—The building is 90 ft. by 
200 ft. in plan. The two gas furnaces are 20 ft. by 
8 ft. on the bed; they are charged and drawn by a 
power chain. The train is 30 in, three-high, with 
fixed rolls, to reduce a 12}-in. ingot to a 7-in. bloom 
in twelve passes. It is driven by a vertical Corliss 
engine with 32-in. cylinder and 5-ft. stroke, and a 
35-ton 27-ft. flywheel. 

The arrangements for handling and feeding the 
piece at the train are novel in some respects; they 
are also very simple (see Figs. 4, 5, and 6 of our 
two-page engraving). The lifting table on the 
back side of the train sits upon a single hydraulic 
plunger, thus avoiding the cost and wear of 
jointed connexions. The table rollers are undriven, 
A weighted feed roller A is constantly revolved 
by chains from the roll necks. The table roller 
directly under this feed roller projects higher than 
the rest, and is fitted to revolve easily. The bloom 
being lifted by the table is pinched between these 
two rollers, and is in consequence instantly fed 
into the train. In order to accommodate blooms of 
various thicknesses, the feed roller A may move up 
and down in slides on the housings; and in order 
that both ends of the roller shall move alike, its 
journals are attached to a rock-shaft B—a simple 
skeleton casting—hung on top of the housings. 
When the bloom has passed under the feed roiler, 
the latter would tend to drop with a blow destruc- 
tive to the parts; to avoid this, a dash-pot C is 
provided, which allows the roller to fall softly. 

Driven feed rollers in a table have proved very 
costly to construct and to maintain. They must 
run easily, and at the same time they must stand 
not only the weight, but the occasional falling blow 
of the bloom. In the improved apparatus the 
single feed roller has only to endure the stress of a 
weight sufficient to move the bloom; the single 
roller under it is the only one which must move 
easily. The other table rollers may be, of the 
cheapest and roughest description, in fact plates of 
iron may often substituted for rollers. The 
feeding is also instantaneous and automatic, and 
requires no hand aid. 

he power hook arrangement for catching and 
lowering the bloom on the front of the train, is 
actuated by wire ropes from the table. The bloom 
when dropped is fed in by another driven roller. 
A mere tongs and hook on the front side will often 
answer, but the power hooks promote convenience 
and celerity. 

The Hot Shears for Blooms.—These shears, which 
are shown by Figs. 10 to 13 on page 371, have 
been brought up to a degree of satisfactory strength 
and efliciency after many trials in various American 
works, The machine cuts 7-in. to 8-in. blooms at a 
cherry red, and if the blooms are too cold the engine 
stalls. ‘The cut is nearly as square as if the piece 
had been sawn. The machine, although very heavy, 
is cheaply constructed, and the parts. subject to 
stress are very durable. The entire frame is a single 
casting; the blade is a large casting with extended 
bearing surfaces ; the main shaft and eccentric are 
one casting. As the driving engine stands on the 
main frame the machine is self-contained. 

There is room in the blooming mill building to 
connect either a second stand of rolls for billets, 
or a plate train'to the existing engine ; anda second 
engine may attached to the other end of the second 
train when required. 

The Rail Mill,—The main building is 344 ft. by 
80 ft. in plan, with a main puddling wing 165 ft. 
by 75 ft. There are six Siemens heating furnaces ; 
three are double, 9 ft, by 11 ft. on the bed; two 
are 6 ft. by 9 ft., and the wash heating furnace is 
8 ft. by 18 ft. There are 20 producers. The rail 
train has three stands of 22 in. rolls driven by a 
40-in. diameter by 3-ft. stroke vertical engine with 
a 55 ton fly wheel The furnaces are charged and 





discharged by means of a chain driven by a steam 
iston. This mill has eight tubular boilers set in 
ttery. The train is employed for both iron and 
steel rails, the rolls for the latter being shorter and 
thus stronger. 

Excellent iron rails are made from old rails alone 
by thorough working at two heats from a large pile. 
A greater or less admixture of puddled iron is em. 
ployed in the best rails. The pile consists of ten 
old rails, aud isabout 9in. by 12in. It is reduced 
to 7 in. by 74 in. in the first stand of rolls, then re- 
heated 15 minutes and rolled by six roughing and 
five finishing passes to a rail. 

The Gustin Hot Curving Machine.—The general 
arrangement is shown in elevation and plan by Fig. 7 
of our two-page engraving. When the rail leaves the 
train it is borne to the saws (one of which is shown at 
T) on driven rollers so shaped as not to crook or 
twist it, After it is sawn the same rollers carry 
it to the cambering machine J, which bends it to 
the shape shown at M. The rail is then moved 
laterally to its place on the hot bed by means of 
fingers on chains actuated by the drums P P. The 
cambering machine, Figs. 8 and 9, consists of six 
vertical, driven rollers, adjusted (for each pattern 
of rail) to curve the rail to such a degree that it 
will be nearly or quite straight when it is cool. The 
result is the minimum of cold straightening, a process 
which if excessive, as it usually is in English works, 
accounts for many broken rails. Hand curving is 
also likely to put twists in rails which can never be 
got out. Itis but fair to say that nearly every steel 
rail mill in the United States has the Gustin or 
some other good hot curving machine. 

Production, Fuel, §c.—The mill has turned out 
30,000 tons of 501b. to 601b. per yard iron rails in 
ten months; it has rolled as much as 950 tons ina 
week of reheated rails. The total oxidation in gas 
furnaces on the loose iron pile and on the wash- 
heated bloom—two heats—is 8 to 10 percent. The 
coal used at the producers for these two heats is 
926 lb. per ton of finished rails; the steam coal in 
the rail mill is 521 lb. per ton, The gas and steam 
coal cost less than 90 cents per ton of rails. 

The Puddle Mili hasan 18-in. train driven by a 
28-in. by 5-ft. horizontal Corliss engine. There are 
six double puddling furnaces. 

The Bar Mill.—The building is 108 ft. by 234 ft. 
in plan. The three Siemens heating furnaces at G 
have beds 6 ft. by 9ft. There is a 16-in. train 
having four stands of rolls at H; it is driven by a 
32in. by 3 ft. vertical Corliss engine. A 12-in. train 
at J with four stands of rolls is geared to the same 
engine. The mill is arranged to roll long lengths 
with convenience. The finishing machinery is well 
arranged, and delivery trucks run into the mill 
to save rehandling. The product of fishplates and 
miscellaneous bars is 1200 tons per month, 

In this mill, the oxidation of iron piles in the 
Siemens furnaces, as carefully determined during 
several months, averaged 5 per cent. on one heat. 
‘The oxidation of similar iron piles in the ordinary 
coal-fired furnace was found, in one works, to be 
12 per cent., and this probably represents average 
working. 

The success of the Springfield works from thestart, 
and during all the recent business depression, has not 
been due alone to their good management ; it has 
also been due to a good location with reference to 
buying and selling, to cheap fuel, and to good plant. 
It is proved that Corliss engines and Siemens fur- 
naces are good investments, even when fuel is very 
cheap. As the best construction and latest im- 
provements have been embodied in the open-hearth 
plant, a similar or greater success may be expected 
in the steel manufacture, which is just starting. 





THE IRON AND STEEL INSTITUTE. 

In our article last week (vide page 362 ante) on 
the recent meeting of the Iron and Steel Institute, 
we dealt mainly with the discussion which took 
place on Mr. Wrightson’s paper, and we now have 
to speak of the later proce . On the conclu- 
sion of the discussion on Mr. Wrightson’s paper, 
Mr. Pink’s paper ‘‘ On the Dephosphorisation of 
Iron at the Hérde Works, Germany,” was read, but 
the discussion on it was postponed so that it might 
be taken together with the other papers contributed 
on the same subject. 


Tue ANALYsis OF BLast FURNACE GASES. 
Mr. Stead’s paper (which we shall publish in an 
early number), “On an Improved Apparatus 
for Analysing Blast Furnace and other Gases, 
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was then taken, the author describing the in- 
strument by the aid of one placed on the table 
during the reading. It was devised to overcome 
the objections which had hitherto existed in 
similar apparatus, which were of very delicate 
and complex construction, and involved the use of 
long and intricate calculations to arrive at the re- 
sults sought for. 

Mr. Stead’s instrument was more portable and 
handy, and the parts requiring washing being firmly 
fixed together in a suitable frame could be readily 
removed and cleaned without the risk of breaking 
them. Some coloured diagrams of the instrument 
were shown, as well as the instrument itself. The 
discussion was commenced by Mr. Snelus, who spoke 
in high terms as to the value of the apparatus, and ob- 
jected to its predecessor, Dr. Franklin’s, as being 
far too delicate, besides taking up too much time 
both in making the test, and subsequently calculat- 
ing the results. He feared, however, some slight 
difficulty might be found in keeping the joints 
tight. 

eur. Riley considered there would not be so much 
difficulty in keeping the joints tight, and remarked 
that Dr. Franklin’s apparatus did work well, 
although it was very liable to be broken. Mr, 
Cowper observed that if any leakage were suspected 
in the instrument it could very easily be detected by 
the use of soap and water, the most minute escape 
of gas being always detected by the formation of 
bubbles. 

Mr. Marshall remarked that the strength and sim- 
plicity of the instrument were very great particularly 
when compared with Dr. Franklin’s; the working, 
he considered, very rapid, as an analysis could 
be made in 20 minutes, He considered the arrange- 
ment particularly good for determining the changes 
that were taking place in the blast furnace at the 
time those changes were actually going on, so that 
they might then be remedied instead of having to 
await the arrival of the pig in the forge to learn 
what had happened. 

Mr. Rocholl said he feared all the advantages 
claimed by the previous speakers for the use of the 
instrument would hardly be attained, as it dealt 
only with such very small samples ; and it was well 
known in practice that the composition of the gases 
in the furnace was continually varying between the 
periods of charging, and that the gases taken simul- 
taneously from different sides of the furnace were 
not the same. 

Mr. Isaac Lowthian Bell congratulated all 
chemists who had to deal with the subject on 
the very handy instrument now at their disposal. 
He said he agreed with the last speaker that the 
samples operated on were too small, that, there- 
fore, the results obtained could not be so impli- 
citly relied on, and that if samples could be 
collected which were really true averages of the 
gases to be analysed, the results would be much 
more satisfactory. Mr. Bell considered such analyses 
must extend over a very wide basis, to allow of 
proper deductions being drawn from them, and he 
thought that on the whole great reliance must still 
be placed on the deductions drawn by the furnace 
manager from the appearance of the slag. He said 
when he commenced his investigations on the 
subject in 1845, Playfair’s analyses were the only 
ones extant, and he referred to the large economies 
in the consumption of blast furnace fuel which had 
been brought about by scientific investigations of 
the subject. 

In his reply to the discussion, Mr. Stead said, in 
answer to Mr. Snelus’s observations, that the tight- 
ness of the joints could easily be regulated by the 
amount of pressure brought to bear in drawing 
them together, and that the application of a little 
grease or glycerine made them all that could be 
desired, He said he would prefer to be in a position 
to deal with larger average samples of the gases if 
possible, so as to get more general results. He had, 
he said, much faith in the deductions to be drawn 
from an inspection of the fractured slag, but thought 
that the knowledge so gained arrived too late, and 
that it was far better to learn what was going on at 
the other end of the furnace while there was yet 
time to remedy any evil that might be developing 
itself. The conclusion of this discussion brought 
Wednesday's ape ye to a termination, and on 
commencing the sitting on Thursday morning, the 


President announced that the Council had deter- 
mined to postpone the discussion on Professor 
Ackerman’s paper until the meeting of the Institute 
at Diisseldorf, when they hoped the professor would 
able to be present. 


be 








STEEL AND Inaor Iron From PHospHoric Pic. 

The first paper read on Thursday morning was by 
Messrs. Holland and Cooper, of Sheffield, ‘‘ On the 
Manufacture of Bessemer Steel and Ingot Iron from 
Phosphoric Pig,” and was followed by the reading 
of one by Mr. Willis ‘‘ On Reactions in the Open- 
Hearth Process.” These papers we shall publish 
in due course, but the pressure upon our space com- 
pels us to omit them this week. The President then 
announced that the discussion on the three papers by 
Mr, Pink, Messrs. Holland and Cooper, onthe Mr. 
Willis would now be taken together. 

Mr. Pink’s paper showed what had recently been 
done in dephosphorising by the Thomas. and Gil- 
christ system at Horde, where they had taken 
the process up, after it had first been adopted 
by Messrs. Bolckow and Vaughan. The results 
they attained were so successful that they were now 
turning out rails, axles, plates, and tyres in very 
large quantities by the process. Messrs, Holland 
and Cooper’s paper related what they were doing in 
the same direction, having received information on 
the subject from Mr, Pink in November last year. 
They detailed the difficulties they had to contend 
with at first in the slagging up of the noses of the 
converters, and the means by which they gradually 
overcame them, and concluded by showing the 
quantity of work they are doing in regular practice. 
Mr. Willis’s paper dealt with the reactions in the 
Siemens-Martin furnace, and supplied chemical 
analyses showing the changes occurring every half- 
hour in the charge, and concluded with an expres- 
sion of opinion that where very soft steels were re- 
quired the open-hearth process would generally be 
found the most suitable. : 

Mr. Snelus commenced by observing that he con- 
sidered success had now been practically and com- 
mercially attained in the dephosphorisation process 
dealt with in the above-mentioned papers ; it bein 
proved that the phosphorus and the sulphur coul 
be removed from the iron with certainty by carrying 
on the Bessemer operation in basic-lined vessels, 
and that the fears formerly entertained as to the 
feasibility of the process were now shown to be 
groundless. He said he thought there was no waste 
of iron in manufacture, an opinion confirmed by an 
analysis of the slag. At Hérde no alumina was 
found in the slag, and he, therefore, argued that no 
waste of the bricks used in the lining took place. 
He observed that no mention had been made in the 
papers of very high-class steels, such for instance 
as those used in cutlery, which he thought must be 
absolutely free from the presence of phosphorus. 
The samples and tests of the metal exhibited could 
not, he said, be surpassed, and the simplicity of the 
process left nothing to be desired. He did not con- 
sider the frequent taking of samples during the 
blow to be necessary. With re to the objection 
made to the process that the output was very 
limited, he thought that view of the matter was to 
be traced to the large quantities to which in late 
years we had perhaps insensibly grown accustomed. 
Messrs. Brown, Bailey, and Dixon’s weekly make 
was stated to be 540 tons, which in these days 
might certainly not be regarded as an extraordinary 
amount, but he recollected that when in America in 
1870 he had travelled upwards of 1000 miles to see 
the works at Harrisburg, which were then turning 
out a similar amount, it was considered enormous at 
that time. In conclusion, he said he hoped some more 
suitable name than the Thomas-Gilchrist would be 
soon found for the process now being worked under 
the patents of those gentlemen, in conjunction with 
patents held by Mr. Riley and himself, He would 
suggest the name of ‘ Basic Process,” a title which 
had been approved of by the arbitrator to whom 
the matter was submitted. 

Mr. Edward Riley remarked that he was in posses- 
sion of the results of the last five months’ working at 
Horde, who were now making large quantities of 
blooms for English merchants to be sent to America, 
He said he had a resident inspector there who was 
continually making mechanical tests of the rails 
manufactured, and these were found to be most satis- 
factory. The German iron contained more phos- 
phorus and silicon than the English pig used, but 
both phosphorus and silicon can be eliminated quite 
as well by the basic process in the open hearth as by 
the Bessemer process. He informed the meeting 
that besides the Hérde Works, Angleur, Rhenish 
Steel Works, and Messrs. Brown Brothers were 
making steel by this system. 

Mr. Pink gave an analysis made by Dr. Miiller 
on the 31st of December last, on a charge weighing 


3400 kilos., which was as follows: carbon 0.294 per ! des 





cent., silicon 0.588 per cent., phosphorus 0.122 
per cent., manganese 0.611 per cent., sulphur 0.152 
per cent.; 50 kilos. of hot ferro-manganese were 
added to the charge, the slag on analysis showin, 
13.7 per cent. of silicic acid. Dr. Miiller, he sai 
considered too much lime was used, and that better 
results would be obtained were only half the 
quantity employed. With their present limited 
experience, however, they feared to reduce the 
quantity. They had experimented with various 
other substances as a substitute for lime, but had 
come back to it at last, finding it in the end the 
cheapest and best material they could employ. 

Mr, E. Windsor Richards then spoke of the pro- 
gress that had been made in the use of the process 
during the last twelve months, which, he said, in- 
cluded the use of white iron, the substitution of fire- 
bricks instead of basic lining, and the heating of the 
lime used. Referring to Mr. Pink’s paper, he said 
that gentleman mentioned the yield which was satis- 
factory. He could, however, hardly agree with Mr. 
Cooper, who said that there were no remaining diffi. 
culties in the way, the output being still limited. He 
was informed the Edgar Thomson Steel Works had 
turned out over 12,000 tons of ingots in one month 
from a single pair of converters, but he thought that 
we were able to beat the Americans in our out-turn 
of rails to the same extent they exceeded us in pro- 
ducing ingots. He said he could not agree with 
Mr. Willis in his statement that the carbon and 
silicon were uniformly removed in the Siemens pro- 
cess, He considered more certainty could be attained 
in the Bessemer than in the Siemens process; at 
Eston they weighed in the charges both of pig and 
—ae they were going to blow. At Eston their 
old plant was not well suited to the work, but the 
erection of the new plant was being pushed on, one 
converter being already in place, while a second was 
nearly ready, and they hoped to get a start made in 
about two months. Over their new converter-house 
they had placed a very high roof and a powerful 
traveller, so that a converter could be easily lifted 
out and taken away bodily, 

Mr. Holley remarked that several works in the 
United States were preparing to adopt the basic 
process, but that as no trials had as yet been made, 
he regretted that he could add no original informa- 
tion. The North Chicago Company were already 
building a new 10-ton plant to be adapted to the 
basic process, and the Edgar Thomson Company 
were getting out drawings. The opinion of e- 
rican experts, as far as they are entitled to have any, 
not having worked the process, was favourable and 
hopeful. They understood that the chemical re- 
sults promised were actually accomplished, that asa 
metallurgical process it was certain and uniform, 
They believed that the only drawback was limited 
output, due chiefly to the rapid wear of basic linin 
and they were sure that this difficulty would 
rapidly and completely overcome by the mechanical 
adaptation of the plant to the frequent repairs and 
changes required. American steelmakers did not fear 
mechanical difficulties; certainly English steelmakers 
should not fear them after the splendid results they 
had achieved in rolling mill practice and in man 
branches of metallurgy. Asan example of difficul- 
ties overcome by mechanical adaptations, the Edgar 
Thomson Steel Works, just alluded to by Mr, 
Richards, made in March last 12,007 tons of ingots 
in two 6-ton vessels in one pit. The make of rails 
was 9538 tons; of billets, 455 tons; of blooms, 
180 tons; total, 10,173 tons of finished product. 
Mr. Holley thought it only fair to state in this con- 
nexion that two other dephosphorising processes were 
making headway in the United States. They were 
adapted to the open-hearth steel manufacture, and 
it should first be remarked that the open-hearth 
— had been largely increased by the adoption 
and improvement of the Pernot revolving and re- 
movable hearth, which hastens the process by 
mechanical agitation, and also greatly facilitates 
repairs, ‘These furnaces* were but recently started, 
and were not up to full working, but the indications 
were that with hot and prepared materials each 20-ton 
furnace would turn out 100 tons per 24 hours, 
Next as to the preparation of materials, First, the 
Siemens direct process was in regular, although not 
yet in large, use. The plant was too well known to 
require description, It produces direct from the 
ore—from the most impure ore—in four to five 
hours, a ton-weight pasty ball of practically pure 
iron, mechanically mixed with silica and other 


* The furnaces here alluded to by Mr. Holley were those 
at the Springfield Iron Works, which are illustrated and 
cribed in our present number. 
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phosphorus. He considered 0.4 per cent. to 0.5 per 
cent. of carbon to be dangerously high. The average 
amount of phosphorus in English rails he gave as 
0.07 per cent, to 0.08 per cent., and in German rails 
as 0.01 per cent. to 0.12 per cent. Mr. Ellis said 
he thought American rails were certainly not equal 
to English rails, particularly as far as their dura- 
bility was concerned. 

Mr. Thomas said that they were much indebted 
to Mr. Bell for his criticism, and as ing upen 
the questions of regularity of quality and waste of 
material he proceeded to read some extracts from 
a letter he Mad received from Herr ae panne 
who was highly satisfied with the steel made by 
what he supposed he must call the anonymous 
process, over 93 per cent. of this steel containing 
only 0.03 per cent. of phosphorus. He said he was 
somewhat astonished when Mr. Bell mentioned 
the iowness of the carbon as a defect, as they rather 

rided themselves upon the lowness of carbon, The 
Fact was that steel low in carbon was in very much 

reater demand than hard steel, and that this steel 
etched a higher price, which was a proof of its 
superiority. ‘lhe regularity of working was, he 
thought, assured, as the samples and tests spoken 
of by Mr. Cooper were taken from the mass of the 
rails that were being made. The question of the 
percentage of carbon in rails he would leave to be 
dealt with by Mr. Cooper. With regard to the 
waste of 17 per cent. which was reported by Mr. 
Pink—the make of ingots being 85 per cent. —it was 
thought by Sheffield and other makers not to be an 
exaggerated figure for the hematite process, In 
Creusét, however, the proportion of waste was 
much less, andin Belgium it had only amounted to 
14 per cent. during six months’ working. In Creusét 
the results obt:ined when working the process in 
Siemens’ furnaces was very satisfactory. It had 
been applied in two large furnaces at Creusét and 
the bottom had proved durable, only needing ordi- 
nary repairs; the phosphorus also had been brought 
down to a very low point and the sulphur likewise 
much reduced. The presence of manganese was, he 
said, doubly advantageous, Continental experience 
having shown that from 4} to 2 per cent. of man- 
ganese could be put into a white pig iron without an 
excessive loss in the slag. The manganese in the 
iron gave heat in the vessel, and they had a very 
complete removal of the sulphur, As much as 0.2 per 
cent. of sulphur could be dealt with, which was above 
the Cleveland average. ‘The present small production 
was, he believed, an objection which would soon be 
overcome by engineers, as it was chiefly a matter of 
mechanical detail. At Eston they were preparing 
to lift out a converter, which weighed complete 
30 tons, bodily, so that it might be immediately re- 
placed by another. Mr. Snelus had said that the 
iron did not seem to be oxidised, and he had given 
his reasons. He (Mr. Thomas) could not say that 
he quite agreed with Mr. Snelus’s theory, but he 
might suggest that the reason for the non-oxidation 
of the iron was that it was protected by the phos- 
yhorus, the latter being oxidised preferentially. 
They found that the phosphorus went out more 
rapidly than the manganese, and this allowed of 
blowing out the carbon and yet leaving 0.3 man- 
ganese while using less spiegel than in the ordinary 


rocess. 
, Mr. Stead said he thought there must be a loss 
owing to the quantity of red fume given off during 
the blow. ‘The loss in the Eston process he con- 
sidered to be the lowest, and he made it 10 per cent. 
by calculation. He had theoretically determined the 
loss by the Bessemer process, by weighing and 
analysing the slag, as 8 per cent. He said he 
thought it would be necessary to sample with each 
blow, but this he considered was due to the want 
of uniformity of the Cleveland pig. He asked what 
was done with the slag made by this process, as he 
considered it would make very valuable manure, 
being so rich in phosphoric acid. 

Mr. Buller cited a case in America, where with 
one encine 95,000 tons of rails had been made ina 
year. He said, as a rule, American plant turned 
out 30 to 40 per cent. more work than was done in 
England, the quality of their raile being quite equal 
to ours, and asked why it was they aid so much 
more. Mr. Richards said the American works were 
carried on with three shifts of men, who working 
shorter hours could of course do more, in reply to 
which Mr, Holley remarked that some works made 
two and some three shifts per day. Mr. Davis 
said the men in America worked harder than the 
men here. 

Mr, Greiner then wrote up on the blackboard an 





analysis of some very soft Witkowitz steel which 
was as follows : 


No.1. No.2. No.3. No. 4. 
Silicon ... None. 
Carbon ... 0.04 05 0.06 0.07 
Sulphur... 0.01 0.01 0.01 0.01 
Phosphorus 0.008 0.014 0.011 0.0055 
Manganese 0.29 0.29 0.26 0.36 


In the first specimen the breaking load in tons 
per square inch was 22.03 and in the second 23.81, 
the relative extensions being 25 and 234 per cent. 
with contractions of 84 and 75 per cent.; Mr. Greiner 
spoke in high terms of its ductility. Mr. Edward 

artin, of Blaenavon, said he considered the great 
softness of the steel referred to, due to the total 
absence of silicon. 

Mr. Snelus then gave on the black board an analysis 
of a steel he considered betterthan that referred to by 
Mr. Greiner, but immediately afterwards rubbed it 
out, and proceeded to give what he considered the 
correct rotation of the disappearance of the silicon, 
carbon, &c., in the Bessemer and basic processes. 

After an adjournment for luncheon Mr. Davis pro- 
ceeded to read an extract from a letter by Mr. 
Jones, the manager of the Edgar Thomson Steel 
Works, who said he attributed much of the speed 
at which they were able to work to the fact of their 
compressing ingots by steam after they are run, 
By this means he said they were enabled to handle 
them ten minutes sooner than they would have been 
able otherwise. They had turned out as much as 
535 tons of ingots in 24 hours. 

Mr. Walker, of Leeds, thought we had nothing to 
fear from the larger amount of the American output 
if they would only take off the duty and meet us on 
terms of equality. He defended the British workman, 
and said he thought he was as capable of doing 
as much work as the American, and that the 
question of -—— was entirely one of engine 
power and size of converters. The whole question 
to be considered, he thought, was one of economy 
in working, and in his view the English system of 
putting down a large plant and not overworking it 
was the most economical in the end. 

In answer to a question Mr. Thomas said at 
present there was only one furnace in Creusét 
working on the basic system, 

Mr. Kock, of Glasgow, remarked that he con- 
sidered the corrosion often observed in steel plates 
due to the presence of phosphorus, the presence of 
which in the slag he was able to detect by the aid 
of the microscope. Some Scotch pig iron contained, 
he said, as much as 2 per cent. of manganese, but 
this he considered did | less harm in steel making 
than the large amount of sand usually found adherio 
to the pigs. Captain Kolokoltzoff, of the Imperi 
Russian Navy, said in reply to the President that at 
the Abouchoff Works they made steel by the crucible, 
the Bessemer, and the Siemens processes. 

Dr. Siemens remarked that he had formerly en. 
deavoured to work his open-hearth process with a 
basic lining, but had not then been able to succeed, 
as the materials with which the furnace was lined 
could not be got to hold together. Amongst other 
things he had tried bauxite, which did pretty well at 
first, but the bottom failedafter some charges had been 
made. The trouble was to some extent got over b 
making the bottom slide out, The Gpen-honuth 
process was less favourable to the use of basic 
linings, he said, than the Bessemer process, as in the 
former case the lining was exposed for eight to nine 
hours, and in the latter case for only about fifteen 
minutes. He thought phosphoric irons might even- 
tually be used by this process with commercial suc- 
cess. 

Mr. Koch said that in the Siemens furnaces they 
were using at Glasgow they had exceptionally 
large coal for the converters, which was capable of 
giving off what he called a very great ‘ mass” of 
heat. They were working eleven to twelve charges 
per week, each charge producing 11 to 12 tons. 

Mr. Daniel Adamson acknowledged the progress 
that had been made in the use of the process during 
the last year, and eaid he considered the difficulties 
yet remaining would eventually be overcome. With 
— to the results of the tests given, he said he 
did not care much to know what the ultimate 
breaking load or the reduction of sectional area 
were. He considered it much more important to 
learn with what load permanent set took place. He 
said he very much doubted if reduction of area gave 
any true guide to the quality of metal. Permanent 
set, he stated, took place at about 16 tons per square 
inch with Siemens, and 19 tons with Bessemer metal, 





and with ingot iron it was also very low, so that 
after all the trouble experienced in making these 
high class materials they were of very little more 
value than common Cleveland iron when judged by 
the test load under which they commenced to take a 

nent set. In some boiler plates he had bought, 
without its being known they were intended to be 
tried, he found they broke with a load of 18 tons 
per square inch with the grain, and 13 tons across 
the grain ; in this case he allowed the ingot iron was 
superior, as it only showed a variation of 2 per cent. 
in ultimate resistance whether broken with or against 
the grain. In smithing, however, it has the disad- 
vantage that it works with very much greater stub- 
bornness than ordinary iron on account of the pre- 
sence of manganese, but this, he said, was an evil 
they must be content to bear with, remembering 
what Dr. Siemens had told them with regard to 
the position manganese occupied in relation to 
steel, viz., that it covered a multitude of sins 
as charity did in religion. With regard to the 
test pieces 2in. long mentioned in one of the 
papers, he considered they were perfectly absurd, 
as in such short specimens very incorrect elonga- 
tions would be given. He also said he thought the 
Woolwich authorities were not testing in the most 
rational manner. He had lately tested some iron of 
a quality far superior to Lowmoor, which gave way 
at 29 tons per square inch, and was quite equal to 
steel. The chief point he thought to be attained in 
the new classes of steel was to enable them to bear 
a heavy load before they commenced to take a per- 
manent set. 

Mr. Cowper remarked that the elastic limit 
was really the figure with which engineers had to 
do; when, for instance, they were testing a boiler 
by hydraulic pressure, they must always be careful 
they did not exceed it. 

Mr. Ellis, of Sheffield, spoke as to the difficulty 
of getting a low and not a high breaking strain 
specified for the steel they had to make; the re- 

uirements of the Admiralty and of the Board of 
rade were that the steel should be capable of taking 
a high breaking strain. 

In summing up the discussion on the three papers 
before calling on the three authors to reply, the 
President stated that he agreed with Mr. Holley’s 
view of the subject that the remaining mechanical 
difficulties would eventually be overcome. He said 
that the view expressed by some of the speakers, 
that it was more economical to produce a smaller 
than a larger quantity with a given plant was cer- 
tainly a to all his experience. He doubted 
very much whether the American workmen were 
better or turned out larger quantities than English 
workmen, most American workmen being in fact 
Englishmen, and he failed to see how merely cross- 
ing the Atlantic could alter them much. He said 
he thought mixing several brands of pig iron could 
not possibly do much good in the way of producing 
uniformity of results in steel making, onl that the 
judgment of the eye in the selection of material must 
still be more largely depended on than analysis, 
uniformity of make being best attained by careful 
furnace management. - He also thought that with 
the powerful mechancical appliances at present at 
command, it might be found advantageous to use 
two separate converters for dephosphorising, pour- 
?—o metal out of the one into the other. 

he first gentleman to reply was Mr. Pink. The 
following, he stated, was an analysis of the pig they 
were using at Horde for making steel by the de- 
phosphorisation process: Silicon 0.06 per cent., 
manganese 1.44 per cent., sulphur 0.08 per cent., and 
hosphorus 1.6 per cent. This pig was half mine and 

f cinder, and in his opinion could not possibly have 
been worse. He said that much of the loss at Horde 
was due to the fact that the converters were filled too 
full, and that it could be reduced to an average of 
1l per cent. The irregularity he thought was very 
moderate, the analysis showing the phosphorus to 
vary only between 0.08 and 0.04 per cent. Mr. Bell 
had referred to the very small amount of carbon con- 
tained in the steel, but it must be remembered this 
particular steel was made for a special purpose. In 
some 9-ton charges they had made for rails the 
carbon was 0.2 per cent. Mr. Adamson had said he 
preferred the stress at which permanent set took 
place as a measure of the strength of the material in 

reference to the reduction of sectional area, they, 
owever, gave the latter figure, as it was the one 
most preferred by their customers, indeed the limit 
of elasticity was not much thought of in Germany. 
He said he could hardly account for the fact that 
the small converters were doing better at Horde than 
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the large ones, it might be due to the blast or various 
other circumstances. } 

Mr. Cooper in replying said that as regarded 
their waste they had as yet no elaborate data, but 
in their largest week’s work, namely, that ending 
March 27th, they had produced 541 tons of steel 
from 636 tons 17 cwt. of pig iron, giving a loss on 
the pig of 15 per cent.; this he thought about 
an average result. He thought the reason the 
Americans were so much before us in output was 
that all their plant was more modern than ours, 
and that they had profited by our experience. 
He could not admit the difference was in the 
men. He thought the difficulties at present 
in the way of obtaining a large output were 
chiefly mechanical and would be overcome in time. 
Mr. Bell had misunderstood what had been said by 
Mr. Holland and himself in their paper respecting 
irregularity of chemical composition ; they had not 
stated that rails of the same composition were always 
of the same quality, but that: ‘If it can be shown 
that steel and ingot iron can be produced from the 
latter kind of pig of the same chemical composition, 
and capable of standing the same mechanical tests 
as that produced from tke purer irons, that one is 
as good as the other for all purposes.” Mr. Bell 
had also referred to the analyses of the ingot irons 
given in the paper, and had stated that in his ex- 

erience rails with 0.4 per cent. of carbon stand 
Petter than softer ones, and that the steels of which 
they had given analyses did not contain more than 
one-tenth that quantity. These steels were not 
made for rails, but were made with a view of pro- 
ducing a very soft material or an ingotiron. Mr. 
Bell had likewise referred to the irregularity in the 
elimination of the phosphorus shown by the analyses 
given, the highest percentage being .111 per cent., 
the lowest .04 per cent. There certainly was a 
variation of .071 per cent., but they did not think 
this a very serious matter, nor that anything was 
to be feared from the presence of the highest 
amount, viz.,.111 per cent. in steel rails, particularly 
as there is an absolute absence of silicon ; the per- 
centage, .111 per cent., was by no means an un- 

recedented amount in steel made from hematite. 
ir. Stead and Mr. Thomas had both referred to the 
resence of manganese in the pig, for one week they 
had worked with an iron containing as follows ; 
Si. 8 ¥ Mn. 


CC. , 3 
percent. percent. per cent. 
373 1.92 24 


per cent. per cent. 
2.9 1.0 


During this time there was great reaction on the 
addition of the spiegel, there was rephosphorisation, 
the steel on casting rose in the ingot moulds, and 
in many cases proved hard ; the quantity of spiegel 
used was 14 cwt. of 19 per cent., or 9 per cent. on 
the charge. In the following week they substituted 
for one-half the charge grey Lincolnshire pig, the 
mixture then had the following composition : 


CC. Si. 8. P. Mn. 
percent. per cent. per cent. per cent. per cent. 
3.5 1. 19 1.7 1.25 


This worked considerably better, there was com- 
paratively little action on the addition of the spiegel, 
no rephosphorisation, the steel did not rise in the 
ingot moulds, and the spiegel used was 12 cwt. of 
19 per cent. only; or 7$ per cent. on the charge, 
that is 1} per cent. less than in the former case. 
They could confirm the statement made by Mr. 
Thomas that with pig of suitable composition a 
smaller quantity of spiegel was required in making 
steel by the new process than from hematite; the 
quantities used had been 12 cwt., or 7} per cent, on 
the charge in the former case against 14 cwt., or 9 
per cept. in the latter. Mr, Stead had asked whether 
they considered it would be found practicable to 
work direct from the blast furnace; this they thought 
depended altogether on the working of the blast 
furnace, and with this they had had no experience 
in Sheffield. Their results had been obtained from 
mixtures of six or eight brands of iron, all of which 
had been carefully analysed and quantities so 
arranged as to give a constant composition in the 
charge; to that they attributed the regularity of 
their results, Mr. Adamson had complained that 
they had not given the amount of silicon in the 
analyses of the steels and ingot irons. They had 
many times attempted to estimate the silicon in 
steel made by this process, but had never found 
any, and they considered it would be waste of time 
toattempt the estimation in these instances, parti- 
cularly as these steels were blown for a minute 
longer than had been their custom. Mr, Adamson 
also considered that the manganese was much too 
high for ingot iron. Blow 314 was the first of this 





class made, and the other five quoted were made in 
regular succession, and no single blow attempted 
failed ; they submitted therefore that the results ob. 
tained had been regular, and they thought that better 
results would be got than these given on further 
practice, and that a softer material with less man- 
ganese would eventually be produced, They agreed 
with Mr, Adamson’s remarks concerning the 2-in. 
test-piece, samples 10 in. long were better, but it 
happened that they had supplied a small quantity 
of rail steel to an eminent firm to experiment upon, 
and the results of the 2-in. test-piece were supplied 
to them by that firm a few days ago, and as they 
had had but a short time to get up the paper, and 
were anxious to give all the information they could, 
they quoted them with the chemical analysis 
which they had by them. When they used pig 
iron containing but a small quantity of manganese, 
they found they got into difficulty, and were obli 
to use a very large quantity of spiegel to enable 
them to deal with it. He quite admitted 2 in. test- 
pieces did not give such satisfactory results as 10 in. 
pieces, but as they had to get up their paper ina 
very limited time they were unable to obtain tests 
of their results on longer specimens. 

Mr. Willis said it would be easy for steelmakers 
to work to Mr. Adamson’s requirements if they 
really knew what it was he wanted. 


ByE-PRODUCTS FROM THE MANUFACTURE OF COKE, 


‘I'he next paper read was by Mr. Henry Simon, of 
Manchester, ‘‘On an Improved System for the 
Utilisation of Bye-Products in the Manufacture of 
Coke.” This paper contained a description of the 
Simon-Carvés coke ovens, which have already been 
largely adopted by the Terrenoire Company in 
France. Reference was made to the large pecuniary 
loss arising from allowing the tar and ammoniacal 
water to escape when the coke was being produced, 
as well as to the destruction of vegetable life that 
went on in the neighbourhood of coke ovens. The 
om i coke ovens were illustrated by a diagram, 
and consist of an arrangement of retorts surrounded 
by flues. The paper, which we shall publish ix 
eutenso, ccbtahnall a-detailed statement of the cost of 
erecting a group of one hundred of these ovens now 
in operation at Terrenoire, 

The discussion on Mr. Simon’s paper was opened 
by Mr. Martin, of Blaenavon, who said that he had 
used both hot and cold blast in coke ovens, and that 
when the ovens were very hot he was able to coke 
dry coal. When using hot air he found it best to 
work at about 500 deg. Fahr., this rise of tempera- 
ture being derived from the waste gases. 

Mr, Aitkin said he had erected similar ovens more 
than fifteen years ago. He had found it was a 
mistake to produce very dense coke, what really was 
wanted he considered was a hard coke. 

Mr. Thompson remarked that he had seen the 
ovens referred to at work on the Continent, where 
he certainly found that the yield was very large, 
although the quality was inferior in appearance. 
He said he failed to see the great ultimate economy 
claimed for the system; the old beehive ovens were 
making 64 to 65 per cent. of coke, and the waste 
heat from them was found sufficient to drive the 
boilers required for winding, pumping, and all the 
other work about the colliery. Several years ago he 
said he was unfortunate enough to recommend 
Messrs. Bell Brothers to adopt a similar system, in 
which all the waste products were caught, but their 
difficulty was that the flues could not be made to 
stand; the coke they made was certainly hard, 
much harder than that made in the ordinary bee- 
hive ovens, but in spite of its greater hardness they 
were unable to make it carry a proportionately 
greater burden in the blast furnace. It was a 
system he could not recommend, and thought better 


results would be produced by the use of the old bee- 


hive ovens. 

A member said he agreed with the last speaker ; 
at Consett they were using the Bucken oven, with 
which they were perfectly satisfied. He said he 
failed to see the use of excessive hardness in coke. 

Mr. Wood, of Middlesbrough, remarked that he 
had been using the Bucken coke ovens for the last 
twelve months, and that he liked them much better 
now than when he commenced using them. They 
found that by their use they were now working 
much more cheaply, and they were able to drive 
their furnaces with greater regularity. 

Mr. Martin observed that the cost of the new 
ovens was _iven at 150/., whereas ordinary coke 
ovens could be built in South Wales for 502, yield- 
ing 70 to 75 per cent. of coke. The gas given off 


\ 





varied, he said, with the description of oven used, 
as well as with the diaerent kinds of coal treated. 
Watering the coke outside the oven, as was done by 
this system, added 5 to 10 per cent. to the weight. 
He certainly appreciated the value of the bye-pro- 
ducts obtained, but thought the waste gases might 
be used very much more profitably in making 
steam for the pumping and winding engines n ces- 
sary ataeolliery, He asked what the size of the coal 
used in these ovens was, and said that small coal 
always made denser coke irrespective of the heat 
employed. He thought the cost of making coke by 
this system would amount to double what it was 
by the old method. 

In summing up the discussion before calling on 
the author fora reply, the President said that about 
ten years ago he had altered about a hundred ovens 
at Messrs. Bolckow and Vaughan’s very much in 
accordance with the system described, by putting 
flues under the floors of the old beehive ovens. 
He ey found that by this means they got 
an increased yield out of the ovens, but the coke 
80 —— did not go so far in the blast furnace 
as the coke they formerly made. They found that 
they were using more coal than formerly per ton of 
pig iron turned out, so they reverted to the old 
system. He thought the waste products from the 
ovens might be much more profitably employed by 
leading them into one large common flue from 
whence the boilers could be heated. Durham coal 
coked well, he said, and therefore could be treated 
in the old beehive ovens, but perhaps there might 
be cases where the new ovens would be useful as 
when working with coal that did not coke freely. 
It was in his opinion a great mistake to try to 
make coke too dense; some years ago a special 
plant was put up in South Wales for compressing 
coke, which certainly turned it out as solid as 

ranite, but as this coke had the disadvantage that 
it would not burn, the system had to be abandoned. 

In his reply Mr. Simon pointed out that he had 
, ies in his paper the yield of the coke after the 

eduction of the water ; the purity of the coke was, 
he said, increased by the larger yield, a ton of coal 
only containing a certain amount of impurities the. 
proportion left in any given quantity of coke would 
naturally be less, the r the proportion was of 
the coal actually coked. He said he had been in- 
formed the Coppée ovens had been in successful use 
for the last six years at Ebbw Vale, requiring very 
little repairs, he therefore argued that these ovens 
being very similar would not cost much under that 
head, As he allowed the aprons of the coke was 
against it, he thought coke makers were not the 
right people to take up the process, but that it 
should be undertaken by blast furnace proprietors, 
who would be both. makers and users of the coke, 
and would, therefore, not be troubled by any 
prejudices due to mere appearance. 


Tue SPECTROSCOPIC ANALYSIS OF IRON AND STEEL. 

The close of the discussion on Mr. Simon’s paper 
terminated the business of the meeting on ‘Thursday 
afternoon, and on Friday morning the first paper 
read was one by Messrs. Parry and Tucker, ‘* On 
the Application of the Spectroscope to the Analysis 
of Iron and Steel.” In this highly interesting paper, 
which we shall publish next week, the authors gave 
the results of recent spectroscopic investigations 
they had made on iron and steel, the results being 
photographed and laid before the meeting; the 
authors dwelt much on the desirability of employing 

hotography, so that a permanent record might be 
een 4 eye-work got rid of as much as possible 
in connexion with the spectroscope, 

The discussion was opened by Mr, Allen, who 
spoke in terms of great praise of the work the 
authors had been carrying on, and particularly of 
the successful application they had made of photo- 
graphy. He said that during the time the analyses 
were oh made some slight chemical reactions 
might be going on which would account for the 
differences noted. 

Sir John G, N. Alleyne, by the permission of the 
President, next read some notes be had made on 
Messrs, Holland and Cooper’s paper read aud 
discussed the previous day, and then referring to 
the paper occupying the meeting asked whether the 
authors had been able to obtain any photographs 
which would enable the exact character of the steel 
to be practically determined? He said he could 
hardly confirm Mr. Norman Lockyer’s theory that 
what are now looked on. as chemical elements may 
by subsequent investigations really prove to be com- 
pound substances. 
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Mr, Norman Lockyer then referred to the spectrum 
analyses he was then carrying on, particularly with 
reference to the determination of the iron contained 
in the sun, and spoke of the marked coincidence 
there was in the variations produced by tempera- 
ture in the spectroscopic lines of iron observed in 
solar and terrestrial analyses. He then made a 
sketch on the black board showing an arrangement 
of vacuum tube he had used in making analyses, 
which was provided with a capillary tube-at one 
end, and stated that he had been able to make ob- 
servations in the capillary tube when the vacuum 
was best at the lowest temperatures he had yet 
attained. He spoke in high terms of the usefulness 
of the work the authors of the paper had been 
carrying on, and hoped the Institute would be 
enabled to establish a research laboratory, where 
such work could be permanently carried on and 
recorded, He thought it was impossible to produce 
woodcuts of the photographs exhibited, in fact he 
considered they would only be useless and mis- 
leading. 

Mr. Bernard Samuelson inquired whether Mr. 
Lockyer could suggest any means of making the re- 
sults already attained more practically valuable to 
the iron and steel trade, or could he as head of the de- 
partment over which he presided, render the authors 
any assistance in their future investigations. 

Mr. Lockyer said it was out of his power to pledge 
his department, but he was sure the Government 
would give every possible assistance in the matter ; 
he would personally render them all the aid he 
could, aud the whole of his previous investigations 
he would place freely at their disposal. 

Sir John G. N, Alleyne said he also had a large 
quantity of apparatus suitable for such investiga- 












tions not fully employed, and he would be glad to | had used platinum crucibles in their analyses, and 
allow it to be utilised for such purposes, and to | thanked Mr. Lockyer for the assistance he had so 
lace himself under the direction of t, Lockyer or | kindly promised. s 
he authors to continue their researches. The President said that for the balance of his 
In reply to the discussion Mr. Tucker said they ! earthly career he intended contenting himself with 
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the investigation of the iron found on the earth, and 
would gladly leave to others the self-imposed task 
of looking after whatever might exist in the sun. 
He thought these spectrum analyses might be very 
good things for the new school of ironmakers, to 
whom, he said, he certainly did not belong. The 
temperatures that would be used in future in steel 
making would he considered be very much higher 
than those to which we were now accustomed. He 
thanked Mr. Lockyer for the assistance he had 
offered the Institute, and promised to bring the 
matter before the Council at an early meeting, so 
that they might put themselves in communication 
with the Government on the subject. 

In answer to a question, Mr. Cooper, of Sheffield, 
stated that he had not made any measurements of 
the lengths of the waves in the spectrum analyses 
made by them. 


NITROGEN IN IRON AND STEEL. 

Mr, Allen’s er on ‘‘Further Experiments on 
the Existence of 3 Titsogen in Iron and Steel” was then 
read, The paper, which we shall probably publish 
hereafter, gave an account of some investigations 
the author had lately been making on this subject, 
which went to prove by the results tabulated in the 
end of the paper that nitrogen did exist in small 

uantities in commercial metals. In opening the 

iscussion, Mr. Stead said he agreed with the de- 
ductions arrived at by the author. Mr. Riley then 
made some hardly audible remarks about No. 1 Bes- 
semer pig and titanium, 

In replying, Mr. Allen stated that in some recent 
experiments made by Dr. Miiller, of Osnabriick, 
steel ingots were drilled upwards under water, and 
an amount of nitrogen was found equal to that men- 
tioned in his paper. 


THE Errect or TEMPERATURE ON THE STRENGTH 
oF STEEL RalILs. 

Mr. Jouraffsky’s paper was next read, being a 
“Report on the Results obtained by Testing Steel 
Rails at Natural and at Artificially Lowered Tem- 
ratures.” This report was made by order of the 
tussian minister by a committee of experts on eighty- 
8ix specimens, when it was found the effect of intense 
cold en = resistance of “an rail. A Table was 
appended to the ivin, e detail of the re- 
sults of the onpesianente snasiad out, The discussion 
was commenced by Colonel Beck-Guerhard, one of 
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the committee, who was understood to say that they 
had found the mild steel rails stand best. 

Mr. Snelus, who spoke next, said he hoped the 
Iron and Steel Institute would try and come to some 
definite understanding with the Institution of Civil 
Engineers on the subject of; testing rails, for as 
matters now stood there was a very painful absence 
of uniformity in the matter. He lately had 
the following personal experience. One week he 
was rolling 76 lb. bull-headed rails, for one of the 
home railways; as the inspector wanted them very 
hard, he had put in as much as 9.2 per cent. of 
spiegel, when they stood the tests satisfactorily 
with a monkey falli 8 20 ft. The next week he 
commenced rolling 62 lb. rails from the same ingots, 
when he found they gave way seriously under the 
tests, and he was obliged to change back in at 
once to a softer make of steel. He thought the 
thanks of all concerned were due to the committee, 
as they had now by experiment definitely proved 
that the rails gave way more easily when subjected 
to intense cold. 

Mr. Riley instanced a Vignoles rail made at 
Bochum weighing 644 lb. per yard, which had stood 
a blow from a 13 cwt. monkey falling 39 ft. 44in. 
without breaking. This rail he said contained 0.225 

er cent. of carbon, and 0.364 per cent. of silicon. 
He objected to the Dr. Dudley’s “‘ phosphorus units” 
(vide ENGINEERING, vol. xxvii., pages 143, 166, and 
184). 

Me. Daniel Adamson observed that no notice had 
been taken in the paper of the sulphur contained in 
the steel, and as he considered the sulphur quite as 











injurious as the phosphorus he thought the results 
arrived at were untrustworthy. He stated that 
sulphur was actually more injurious than phosphorus 
between the temperatures of 450 deg. and 750 deg. 
Fahr. Any sulphur present would always tend to 
make the rails brittle. 

Mr, Riley stated that in Germany they did not 
test for sulphur, and that he believed it did not 
injure rails so long as they could be rolled. He had 
seen rails which contained as much as 0.27 per cent. 
of sulphur and yet stood all the mechanical tests 


‘required of them satisfactorily. Mr. Parry said he 


considered sulphur actually made rails stronger. 

Mr. Martin, of Blaenavon, remarked that he always 
found rails were better and stood the mechanical 
tests more satisfactorily if the ingots were never 
allowed to become cold, but were rolled down at 
once. The steel soquses for plates and rails was 
very different, the duties imposed on each being so 
dissimilar. Sulphur gave the steel greater ductility, 
although it certainly made it red-short, 

Mr. Greiner, of Seraing, ed with Mr, Martin 
that the rails were better if the ingots were not 
allowed to cool. He also thought that the section 
of the ingot had an important bearing on the rail, as 
it gave a measure of the work that had been put 
into the rail in rolling. He thought the chemical 
analysis given in the Table at the end of the paper 
must be incorrect, as he was sure they never 


any pig iron at Seraing having such a large - 
tion of phosphorus as that shown there. fie also 
thought injustice had similarly been done Messrs. 
Brown, Bailey, and Dixon in the matter. 

The President summed up the discussion by re- 
marking that sulphur always made iron unworkable, 
and was the greatest possible nuisance with which 
they could have to deal. If it did not tumble to 
pieces during the rolling, it was, however, very tough 
when cold. 


SILica IN Limestones, Iron Ores, &c. 

The last paper read was one by Mr. H. Rocholl, of 
the Clarence Iron Works, ‘“‘On the Separation of 
Silica in Analyses of Limestones, Iron Ores, and 
other Minerals,” in which the author described a 
method by which no insoluble residue was left at 
pra Ae porn ae ig , a8 is a the 
es = A processes, . Riley remarked that he 
feared the platinum crucibles used would not answer 




























































































380 





ENGINEERING. 


{May 14, 1880, 





as the iron present would alloy with the platinum 
and burn into the crucible. In reply Mr. Rocholl 
said this was not so in his experience, as he found 
the crucibles did not get spoiled in practice, only a 
little of the iron sticking occasionally to the side of 
the crucible. 

At the conclusion of the reading of this paper the 
secretary announced that during the Diisseldorf 
meeting an excursion would be made on the Rhine 


from Bingen to Cologne, and that the details of the | p 


rogramme would be in the hands of the members 
in a few days. 

The President then proposed a vote of thanks to 
the Institution of Civil Engineers for the use of 
their rooms, and the proceedings were brought to a 
termination by a vote of thanks to the President, 
Mr. Williams, proposed by Mr. Crawshay, and 
seconded by Mr. Barker, for his very able and 
courteous conduct while presiding over the meetings. 





WATER-PRESSURE ENGINES. 
On Water- Pressure Engines for Mining Purposes.* 
By Mr. Henry Davey, of Leeds. 
(Concluded from page 360.) 

THE winding engine, Figs. 22 to 24, page 378, consists of 
a pair of double-acting hydraulic cylinders, coupled to right- 
angled cranks on the driving shaft, which latter is geared 
to the winding drum by a spur pinion; the general ar- 
rangement of the engine being very similar to that of a steam 
winding engine. The gearing has a proportion of 1 to 6, 
and the winding dram is 6 ft. in diameter. The weight to 
be raised is two tons of ore atatime. The cylinders are 
54 in. in diameter, 16 in. stroke, and run at 194 revolutions 
a minute, giving a speed of 60 ft. per minute to the rope. 

he admission and eduction valves are somewhat simi 
in construction to those already described, but are driven 
by means of eccentrics, having a link reversing motion, and 
are put in 4 by the somewhat novel arrangement 
shown in Fig. 24. The two mushroom admission valves 
A A, are on the same spindle, on which are also fixed two 
pistons B B, each equal in diameter to the annular eduction 
valves CC, These pistons work in cylinders D D, placed 
beyond the engine ports, and forming continuations of the 
valve-box. By following out the motion of the valves, as 
= by the eccentric, it will be seen that the eccentric 
as only to overcome the resistance due to friction, because 
the valves are in all positions balanced as regards pressures. 
This the author considers an important improvement in 
this type of hydraulic valve, as it enables very large valves 
to be used, and thus prevents any loss from throttling. 
It also enables the reversing to be done by means of a 
link motion, and gives easy and complete control over the 

engine. 

aving described some examples of water-pressure 
engines of general application, the author proceeds to de- 

scribe two engines specially designed for particular cases. 
In Fig. 25, page 379, is shown a peculiar application of a 
hydraulic pumping engine, and one which the author has had 
occasion to adopt in several instances for mining operations. 
At the Hutton Henry Colliery, near Wingate, Durham, a 
certain quantity of water comes out of the strata at an 
intermediate point A, in a shaft where it is not convenient 
to place a pump, except at the bottom. The water pro- 
duced at A has therefore to be taken down to the bottom 
before being forced to the surface. The water is taken 
down from the point A in a down suction pipe to the 
hydraulic pump, and is delivered through the delivery 
pipe to the surface ; so that the work done by the pump 
is that due to the difference of 364 ft. between the 
866 ft. head in the delivery pipe and the 502 ft. in the 
down suction pipe. The power cylinder, 6} in. in diameter, 
1 ft. 3 in. stroke, is actuated by means of a driving column 
from the point E, having an effective pressure of 260 ft. 
head. The power cylinder and pump, Fig. 26, are both 
single-acting ; but the pump is a piston pump of a peculiar 
construction. The pressure of the down suction column is 
constantly in the annular space A between the piston rod, 
1} in. in diameter, and the inside of the pump barrel of 
4in. diameter. Daring the forward or delivery stroke 
of the pump, the pressure behind the annular area of the 
pump piston assists the plu of the power cylinder ; and 
the return stroke is p soll entake y the pressure from 
the down suction column being brought to bear on the 
full front area of the = piston, the effective pressure 
for the return stroke being therefore that due to the dif- 
ference between the full front area of the pump piston and 
the annular area of its back face, or, in other words, to the 
area of the piston rod B. The useful effect is thus 


( 13) * SS 60 per cent. The engine is designed to 
6.125 x60 


work at 6} double strokes per minute, and raise 7 gallons. 
It should be added that the driving water is water which 
would run down to the bottom of his shaft at any rate, 
and is ney utilised for pumping. 

In Fig. 28 is shown a pumping engine designed by the 
author to work under a most peculiar condition, namely, 
that of making a single pipe serve both as the driving 
column of the engine, and the delivery pipe of the pump. 
A is the vertical pump plunger, and BB a pair of power 

lungers, all three coupled side by side to the same cross- 
ead C. Dis the suction valve of the pump, and E the 
— lang a F is the pi = mvs both for oS 
ivery from the pump and the supply to the power cylinder. 
It is in connexion with the power cylinders at G, and has 
a branch H connected to the delivery valve box above the 
delivery valve E. The crosshead C is of sufficient weight 
to cause the descent of the three plungers against the head 
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of water in the pipe F. Water has to be pumped from 
the point M to the point N. The power water is obtained 
fromthe column O. J is a single-acting valve-box, similar 
to those already described in connexion with the other hy- 
draulic engines, and has a change valve actuated by the 
rise and fall of the plungers through a tappet and 
wire. 

The modus operandi may be thus described. During 
the up-stroke the plungers B B are being raised by means 
of the pressure in the riving column O, and water is being 
drawn up into the pump cylinder through the suction valve 

- On the completion of the up-stroke the change valve 
in the valve-box J is reversed by the tappet rod and wire, 
and the other valves are also reversed by the water itself ; 
so that the communication to the plungers from the driving 
column O is closed, and also the suction valve D belonging 
to the lower sump M ; while the delivery pipe to the upper 
sump N is opened. The weight of the crosshead C then 
causes the plungers to descend, forcing the water out of the 
pump and the power cylinders, through the pipe F, into the 
sump N; and the operation is repeated in the same way. 
It will thus be seen that the pipe F serves as a supply pipe 
to the engine during the up-stroke, and as a delivery pipe 
from the pump during the return stroke. This engine is 
specially applicable to the draining of dip workings, but 
can only be used to advantage is fixed positions, since it is 
not so portable as the other dip-working engines already 
described. 2 

If a pump situated at J be substituted for the driving 
column O, the valve-box J can be done away with, and the 
pipe F connected directly to the barrel of the pump. The 
dip engine would then derive its motion from this pump, 
and would work simultaneously with it. 

The two engines last described are of very limited appli- 
cation ; but they present several points of interest, parti- 
cularly as, in the application of water power, engineers are 
often called upon to devise special means in order to meet 
special contingencies. 

The question of applying bydraulic power economically to 
varying resistances = received considerable attention. A 
very clever and ingenious device, that of automatically 
altering the stroke by means of a resistance governor, has 
been recently described in a paper before this Institution 
(Proceedings, 1879, p. 484). There are other methods 
which — J suggest themselves, such as levers having 
shifting fulcrums, and similar devices ; but the author has 
never found any such mechanism sufficiently practical for 
general application. ‘ 

The dip engine already described might be provided with 
a lever having a shifting fulcrum, between the power cy- 
linder and the pump; but the economy so gained, beyond 
that effected by the loose liner and change of piston, would 
not compensate for the extra complication. 

In rotary engines having flywheels, the admission valves 
of the power cylinders may be made to close at wenymng 

ints in the stroke by means of known mechanisms; an 
if the ends of the cylinders are provided with vacuum valves 
opening inwards, from pipes dipping into a waste-water 
cistern, the speed of the engine may be kept constant, 
whilst the supply of pressure water is varied to meet the 
varying resistances to which the engine may be applied. 
The cylinder would be partly filled from the pressure pipe : 
and then the remaining s would be automatically filled 
from the waste tank. By the use of three double-acting 
cylinders working on one crankshaft, the portion of the 
stroke during which the pressure water would be admit 
might be considerably varied, without causing a great 
fluctuation in the velocity of the driving column. 

Notwithstanding the great progress which has been made 
in the employment of water-pressure engines, the author is 
of opinion that there is a wide field still open for their 
further application, and for the exercise of ingenuity in the 

rfecting of details, and in securing greater efficiency. It 
is mainly with a view of directing attention to a power which 
is somewhat neglected in this age of steam, that he has been 
prompted to bring forward this subject for discussion. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was an 
average attendance on ’Change. Prices were again flatter. 
The fact that there was a considerable reduction in the 
stocks of Messrs. Connal and Co., the warrant store- 
keepers, did not help to advance quotations. These great 
storekeepers have now a stock of 82,838 tons at Middles- 
brough, and they still hold a very large quantity of pig 
iron in Glasgow. It would appear that the strike in the 
finished iron trade of the North of England last week de- 
ressed the kindred industries. The price of pig iron in 
leveland has ually declined since then, and yesterday 
No. 3 was sold for 37s. 6d. per ton. Merchants only did 
business at this low , makers refusing orders at any- 
thing like these quotations. It cannot be denied, however, 
that with the recent increased production in Cleveland 
there has not been the demand which was anticipated, and 
some pig makers feel very uneasy at the present condition 
of things. The immediate prospect is not encouraging. 
Shipments continue active. 


The Finished Iron Trade.—The strike having been 
speedily settled, the men are steadily working throughout 
the North, having wisely accepted the advice of their trades 
union leaders to accept the result of the sliding scale and 
hope for better times. There is less inquiry for finished 
iron of every description, and prices are consequently 
lower. Ship plates can be had at 7l. per ton, angles at 
5l. 17s. 6d., common bars at 6/., and iron rails at 61. 5s. 
all less 2} per cent., and delivered in trucks at 
works. 


The Steel Trade.—There continues a fair demand for 
steel and the Cleveland district receives a share of orders 
which keeps the available works fully occupied. In the 











course of a few months the output of this district will be 
greatly inc on the completion of the extensive altera- 
tions and additions which are being made at Messrs. 
Bolckow, Vaughan, and Co.’s Eston Steel Works and the 
Erimus Works, Middlesbrough. 


Engineering and Shipbuilding.—All the establishments 
on the banks of the Tyne, Wear, and Tees are tolerably 
well employed. Some splendid steamers are being built, 
and the marine engine shops are kept at work. Bridge 
builders are not badly off. 








NOTES FROM THE SOUTH-WEST. 
Newport Dock Company.—The directors of the company 
have decided to extend and alter the railways and sidings 
at the dock so as to accommodate an increasing amount of 
traffic, and facilitate the working of it. A contract has 
been entered into by the directors with Mr. Joseph Firbank 
for the execution of the work. 


The Rhymney Valley.—Trade at the house coal collieries 
continues on the whole tolerably good. The coke trade also 
remains brisk, with prices generally firm. 


Cardif.—A strong impression prevailed amongst mer- 
chants and others last week that the time is not far dis- 
tant when an improvement in the prices of coal will pre- 
sent itself. ‘The clearances week after week have been 
above the usual averages, and for the last five weeks very 
little has been shipped to France, owing to the dulness of 
trade in that quarter. The general demand continues good, 
orders are being received freely, and consequently the 
market is firmer. Coke of the better kinds is in good de- 
mand, and prices last week were a trifle higher than in the 
previous week. 

Discovery of Coal.—A valuable seam of coal has been 
struck upon the Pentyrch estate of Mr. T. W. Booker. It 
is described as the purest anthracite, and as containing 
the most carbon of any coal hitherto met with. 


More Coal Winning.—On Saturday Messrs. Rowland 
and Morgan, Penygraig, had the good fortune to strike the 
9-ft. seam of steam coal in a pit in which they had already 
struck the 6-ft. seam. This last find proves that the 
quantity of coal in the centre of the Rhondda Valley is 
something enormous. The is of excellent quality. 
The company, by working the Nos. 2 and 3 seams for some 
years above the seams recently discovered, have thoroughly 
tested the strata there. Past experience has proved that 
the 1300 acres, the area of the take, is almost free from any 
serious breakage faults in the strata. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Steam on Tramways.—The Leeds Tramway Company 
has applied to the Board of Trade for permission to make a 
three months’ trial of a locomotive engine on their lines. 
Major-General Hutchinson has inspected the route and the 
lans of the engine which were submitted to him from 

essrs. Kitson and Co., Airdale Foundry, Leeds. The 
engine is similar to several which Messrs. Kitson have sent 
out to New Zealand, and which are being satisfactorily 
worked at Dunedin. The trial trips will commence after 
Whitsuntide. 


The Yorkshire Steam Coal Trade.—An important meet- 








ted |.ing of the South Yorkshire Steam Coal Owners’ Associa- 


tion has been held at Barnsley for the purpose of taking 
measures to prevent new contracts, which are coming into 
the market, being taken at last rates. It was said that 
though the railway companies are now only paying 6s. per 
ton for coal, they are charging the same rates as when they 
had to pay 21s. to 24s. per ton for fuel. The Association 
will support the new Hull and Barnsley Railway Bill, 
which, if successful, will enable the placing of coal 
from this district on board ship at Hull at 2s. 7d. per ton. 

Neepsend Rolling Mills Company.—The annual report 
of this company just issued is very favourable, and main- 
tains the usual dividend. The rolling mills of Sheffield and 
district are now “—_ busy both on steel and iron sheets and 
plates and rods. The armour plate mills are also briskly 
employed on the new composite plates. 

The Steel Trade. — Bessemer steel is rapidly falling in the 
market ; 20s. per ton for No. 1 billets being the amount of 
depreciation during the past week. It is anticipated that 
good billets will yet become cheaper, and some important 
changes will be noted during the month. 








AGRICULTURAL ENGINEERS’ AssocraTION. — The 
annual meeting of this association was held on Tuesday 
last at the offices, 7, Westminster Chambers, Victoria- 
street, S.W., Mr. James Howard, M.P., the President, in 
the chair. The annual report and treasurer’s statement 
were presented and adopted. Mr. Robert Fowler was 
chested President for the ensuing year, and Mr. James 
Hornsby and Mr. J. T. Griffin were elected vice-presidents. 
A paper upon ‘‘ Cost Prices’ was read by the ident, 
was followed by an interesting discussion. A vote of 
thanks to the retiring president terminated the proceedings. 





Merrorouitan WaTER Suppiy.—The Council of the 
Society of Arts have had under consideration the question of 
holding a public conference on this subject, and appointed a 
committee to consider and report thereon. This committee 
having met several times, and given full attention to the 
expediency of the society holding a conference on the 
supply of water in the metropolis at the present time, and 
having confidence that the supply of the best water to the 
metropolis will be fully consi by Her Majesty's 
Government at an early period, reported that they were of 
vpinion that no conference should now be held, and the 
Council have accordingly resolved not to summon the con- 


ference as proposed, 
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NOTICE TO AMERICAN SUBSCRIBERS. 

We beg to announce that we have appointed Mr. Lenox 
Smith, 46, Pine-street, New York, the sole agent for ENGI« 
NEERING in the United States, and all subscriptions for the 
United States will in future be payable to him. Mr. Lenox 
Smith is also prepared to receive advertisements for ENGI- 
NEERING, and will afford full information as to terms, &c., on 
application. The annual subscription for ENGINEERING de- 
livered post free in the United States is 10 dols. U.S, currency 
payable in advance. 








NOTICES OF MEETINGS. 

INSTITUTION OF CIVIL ENGINEERS.—May 18th, Whitsun Tuesday, 
No meeting, 

THE METEOROLOGICAL SOCIETY.—Wednesday, the 19th inst., 
at 7 p.m., at the Institution of Civil Engineers, the following 
papers will be read: “ Variations in the Barometric Weight of 
the Lower Atmospheric Strata in India,” by Professor E. Douglas 
Archibald, M.A., F.M.S. ‘Winds and Weather experienced in 
the North Atlantic, between latitudes 30 deg. and 50 deg., during 
February and March, 1880," by Charles Harding, F.M.S. “On 
the Meteorology of Mozufferpore, Tirhoot, for the year 1879,” by 
Charles N, Pearson, F.M.S, For Exhibition: The Radiometer, 
invented by D, Winstantly. 


ENGINEERING. 


FRIDAY, MAY 14, 1880. 














RAILWAY ACCIDENTS FOR 1879. 


THE annual report for 1879 is not yet issued, but 
from the returns, which usually precede the report, 
we glean the following particulars : 

During the year, accidents to trains, rolling stock, 
permanent way, &c., have caused the death of 
84 persons, and injury to 720. Of those thus killed 
75 were passengers, 8 servants of the railway com- 
panies, and 1] other person. Of those injured 
602 were passengers and 118 servants of the com- 
panies. 

Of the accidents contributing to these results 
37 were collisions between passenger trains, by 
which 15] passengers and 7 servants were injured ; 
95 were collisions between passenger trains and 
goods or mineral trains, engines, &c., by which 
2 passengers and | servant were killed, and 258 pas- 
sengers and 50 servants were inj ; 22 were 
collisions between goodstrains, by which 2 passengers 
and 23 servants were injured; 71 were cases of 
passenger trains leaving the rails, by which 1 servant 
was killed, and 49 passengers and 5 servants injured ; 





13 were cases of goods trains, engines, &c., leaving 
the rails; 11 were cases of trains or engines 
travelling in a wrong direction through points, by 
which 36 paseengers and 6 servants were injured ; 
21 were cases of trains running into stations or 
sidings at too high a speed, by which 1 man was 
killed, and 87 passengers and 3 servants injured ; 
5 were cases of bursting of boilers or tubes of en- 
gines ; 10 were failures of tunnels, bridges, viaducts, 
&c., by which 73 passengers and 3 servants were 
killed; whilst the accidents contributing in a minor 
degree to injury and loss of life was the failure of 
1227 tyres ; 496 failures of axles; 14 failures of 
couplings; 2 failures of ropes in working inclines ; 
1541 breakages of rails; 9 cases of failure of ma- 
chinery, springs, &c., of engines; and 26 slips in 
cuttings or embankments. 

Of other casualties, unattended with personal in- 
jury, there were 150 cases of trains running over 
cattle or other obstructions ; 58 cases of trains 
running through gates at level crossings ; 19 failures 
of wheels; 1 failure of brake; 49 cases of flooding 
of the line; 2 by fires in trains; and 2 by fires at 
stations. 

Of the failures in tyres, 63 were engine tyres, 
37 tender tyres, 1] carriage tyres, 28 van tyres, and 
1088 were wagon tyres, of which 888 were tyres of 
wagons belonging to owners other than the railway 
companies. 

Of the 1227 tyres which thus failed 933 were made 
of iron and 262 of steel, while the material of 32 was 
not stated; 72 were fastened to their wheels by 
Gibson’s patent method—2 of which left their wheels 
when they failed ; 28 by Beattie’s patent—1 of 
which left its wheel when it failed; 14 by Mansell’s 
patent ; and 5 by Brotherhood’s patent; 1082 tyres 
were fastened to their wheels by bolts or rivets, of 
which 12 left their wheels when they failed ; 26 tyres 
were secured to their wheels by various other 
methods, 1 of which left its wheel ; 142 tyres broke 
at rivet holes, 265 in the solid, 23 at the weld, and 
797 split longitudinally or bulged. 

Of the 496 axles which failed, 272 were engine 
axles, viz., 248 crank or driving, and 24 leading or 
trailing ; 23 were tender axles, 3 carriage axles, 
190 wagon axles, and 8 axles of salt vans ; 76 wagons 
belonged to owners other than the railway com- 
panies. Of the 248 crank or driving axles, 180 were 
made of iron, and 68 of steel. The average mileage 
of 163 iron axles was 183,992 miles, and of 63 steel 
axles 157,824 miles. 

Of the 1541 rails which broke, 1363 were double 
headed, 130 were single headed, 32 were of the 
bridge pate, and 15 were of Vignoles’ section, 
whilst the section of 1 was not stated, Of the double- 
headed rails 849 had been turned; 1225 rails were 
made of iron, and 316 of steel. 

Accidents to passengers from causes other than 
accidents to trains, rolling stock, &c., under which 
is included accidents from personal want of caution 
in travelling, or passing over, or, upon the line, have 
resulted in death to 504 persons, and injury to 960. 
Of these 85 of the killed and 705 of the injured 
were passengers, The accidents contributing to this 
result were : 

Classification. 
Alighting from trains... oe 25 495 


Getting into trains ... os eos 10 
Passing over line at stations ... 24 ll 


travelling of trains ove Joa 


9 24 
Passing over railways at lev 
crossings ... eee ied eee 64 80 
Trespassers ... ove ees se 259 «3= «187 
Suicides eee eee sie ase 49 
Other causes... 64 14 


In addition to the loss and injury to life occa- 
sioned by accidents to trains as mentioned in the 
foregoing paragraphs, 444 servants of companies or 
contractors are rena as having been killed and 
1833 injured, Of these no less than 25 were killed 
and 304 injured whilst coupling or uncoupling 
vehicles ; 52 were injured whilst passing over or 
standing upon buffers during shunting ; 29 were 
killed and 217 injured in getting on or off, or by 
falling from engines, wagons, &c., during shunting ; 
8 were killed and 112 injured whilst braking, 
spragging, or chocking wheels; and 57 were killed 
and 560 injured whilst performing various other 
shunting operations. Of the numerous other acci- 
dents or causes of accidents which go to make u 
this large sum of injury to and destruction of life 
under which they are summarised, are 88 killed 
and 126 injured whilst working on the permanent 
way, sidings, &c. ; 127 killed and 162 injured whilst 





walking, crossing, or standing on the line on duty ; 
and 36 killed and 160 injured by being caught be- 
tween vehicles, / 

Altogether the number of persons killed and in- 
jured on railways in the United Kingdom in the 
course of public traffic, during the twelve months 
ending 3lst December, 1879, as reported to the 
Board of Trade, was as follows : 


Classification. Killed. Injured. 
Passengers : 
From accidents to trains, rolling 
stock, permanent way, &. «. 75 602 
By accidents from othercauses ... 85 705 
Servants of Companies or Contractors : 
ie accidents “4 trains = . 
stock, permanent way, aes 
By accidents from othercauses ... 444 1833 
Persons passing over railways at 
level crossings... os si Of 30 
Trespassers (including suicides) ... 308 137 
Other persons, not coming within 
above classification one oe 48 88 
Total 1082 3513 


Beyond this, however, there is yet a supplementary 
item of 42 persons killed and 2315 injured by acci- 
dents which occurred upon the several railway com- 
panies’ premises, but which were in no way connected 
with the movement of vehicles used exclusively 
upon railways, which brings up the total number of 
personal accidents reported to 1074 persons killed 
and 5828 injured, 

The unfortunate accident of the Tay Bridge 
naturally places the North British Company in the 
unenviable ition of having contributed most 
largely to the list of killed and injured during the 
peri covered, the numbers against which are 
77 killed and 40 injured. The other companies 
which follow in the order of the test number 
killed and injured are: The London and North- 
Western, 2 killed and 165 injured; the Great 
Eastern 2 killed and 44 injured; the London, 
Brighton, and South Coast, 1 killed and 76 injured ; 
the Great Northern, 50 injured ; the Great Western, 
42 injured ; the North and South-Western Junction, 
$1 injured ; the Cheshire Lines, 1 killed and 14 in- 
jared ; and the Great Southern and Western of 

land, 1 killed and 10 injured. 

In the return of servants of railway companies and 
contractors killed or injured by the travelling or 


)| movement of trains or vehicles, the following are the 


most noticeable items : 


Killed. — 
London and North-Western 74 


Great Western eu ve as 85 254 
Midland eee Sad ove per 44 173 
Lancashire and Yorkshire Pe 29 234 
Great Eastern wi wee aad: ca 148 
London and South-Western _... 21 64 
North- eo te oes a 117 
Caledonian ... “ RS es 23 100 
North British ca a 38 176 


Turning to the Table showing the occupations of 
oe illed and injured during the year, we 
nd : 


Brakesmen and goods guards ... 
Engine drivers eee oe eee 19 118 


Firemen... oe sa oo «= 156 
Labourers ... ose ne ove 21 56 
Permanent-way men we oe 103 156 
Porters she aS 00 ov a 847 
Shunters ..: ” a 85 230 


the above being the most noticeable of a long list 
comprising casualties in almost every class of em- 
ployés in railway working. 

Although we shall be in a better position to con- 
sider the returns now published on the issue of the 
annual report to the Board of Trade, we may, so 
far, anticipate the occasion by observing that in 
point of casualties arising from accidents to trains, 
rolling stock, permanent way, &c., the past year 
stands favourably as compared with 1878 in the 
number of injured. In the number of killed, 
1879 presents a total three times as great as 
that for 1878. The Tay Bridge accident will, 
of course, account for this, but the fact remains as 
to the increased number. For 1878 the returns 
rendered show 24 passengers killed, and 1173 
injured ; for 1879, as is shown above, the numbers 
stand at 75 killed and 602 injured. The number of 
injured under this head is satisfactorily much less 
than for 1879. In the aggregate, however, 1879 
compares favourably with 1878, the figures for the 
two years standing as under : 


Killed. Injured. 
1878 1053 4007 
1879 1032 3513 


To these figures may be added those representing 
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accidents to persons upon the railway companies’ 
premises, but in which the movement of vehicles 
was not concerned, and which ee can 
scarcely be considered “‘ railway accidents.” These 
numbers stand for 1878 as 59 killed and 2050 
injured; and for 1879, 42 killed and 2315 in- 
jured, On the whole, bearing in mind the in- 
creased mileage run, increase of traffic—which 
although possibly not great will have occurred to a 
certain extent—and higher et attained, the re- 
turns carry with them some degree of satisfaction, 
which will probably be rendered more apparent 
under the analysis which usually accompanies the 
annual report. 


THE EYE AS A PHOTOMETER. 


It is well known that when we look at a minute 
‘ point” or star of light it is seen to be rayed round 
with spokes of light. Such an artificial star can be 
obtained by having a blackened screen perforated 
by a very small round hole, and placing behind it a 
steady bull’s-eye lamp. The image on the retina of 
such a star should be a brilliant luminous point, 
with rays emanating from it in all directions. 
These rays of light are demonstrated to be due, 
not to the nature of the star, but to the radiate 
structure of the crystalline lens, and to the lachrymal 
fluid on the surface of the cornea of the eye. They 
are of various lengths, and in the first or second 
quadrants are obviously shorter than in the third 
and fourth quadrants, as may be determined by 
looking at a real star on a dark night. 

This fact has been shown by Mr. William Ackroyd 
to be due to the vicinity of the blind spots which are 
situated on the lower and nasal sides of the retina 
where the shorter rays are seen. 





It is also well known that the iris or circular curtain 
of the pupil expands and contracts, so as to enlarge 
or diminish the area or pupil according to the in- 
tensity of the light falling on the eye. Moreover, 
there is a sympathy between the two irises, quite in- 
dependent of the will of the person, and a change in 
the size of the +r! aperture in one eye is 
accompanied by a like change in that of the other. 
Now the iris is placed between the seats of the re- 
fracting power of the eye which causes the rays of 
a point of light, and hence any alteration in the area 
of the pupil will be rendered evident to the observer 
by an alteration in the length of the longer rays of a 
point of light at which he is looking. 

These remarks are preliminary to the understand- 
ing of e plan for using the eye itself as an auto- 
matic photometer which has been devised by Mr. 
W. Ackroyd, and was described in a paper read 
at the Physical Society during a recent meeting. 
Mr. Ackroyd bases this employment of the eye 
on the fact just cited, namely, that the chan 
in the iris can be detected by change in the length 
of the rays from an artificial star. The sensitive- 
ness of the iris will doubtless vary in different indi- 
viduals, but the author finds that on his eyes the 
light of a sperm candle, burning 120 grains per 
hour, causes a distinct enlargement of the iris when 
placed at a distance of 14 ft. 

The intensity of a beam of light falling on the 
eye is inversely proportional to the square of the 
distance of the eye from the source, and therefore if 
the area of the pupil is constant, the relative intensi- 
ties of two sources can be calculated when their 
distances from the eye are known. In other words, 
if a light A at the distance d produces precisely the 
same effect on the iris as a light B at a distance ¢', 
the relative intensities are une to the 
squares of the distances d and a’. 

To carry out this method in practice, Mr. Ackroyd 
assumes that when the observer is in the dark out of 
the range of the stimulus of the lights to be compared, 
the iris has a practically constant area. He then takes 
a steady point of light P (as shown in the diagram 
on a level with the eye, and places below it in the 
vertical plane the light L, which is to be tested, The 
observer soe ~ at such a cuneate that, while 
gazing at P, no shortening of the rays is produced 
ken te black pas stn pat S ecli i g Lis 
suddenly withdrawn so as to allow the light of L to 
fall upon his eyes also. He then grad advances 


8° | fore with an improvised laboratory experiment, 


) | ing sentence: “That Mr. Edison will finally over- 


exposure of L does affect the iris sensibly, as is 
recognised by the alteration of the rays of P. Now 
the distance EL is=d, and is to be carefully mea- 
sured, In the same way a second distance d! is ob- 
tained for the second light L' to be tested, and from 
these two distances the intensities of Land L' are 
found by the proportion 
L: L' :: dt; d. 

Experiments made by the author of this beautiful 
and novel method show that it agrees pretty accu- 
rately with Bunsen’s photometer; but for some 
unexplained reason the first two observations had 
to be rejected, as they gave in each case too incorrect 
a result. The method is of course too sensitive for 
such oses as the comparison of a powerful 
electric light with a standard candle, and would re- 
quire too much space for its practice, or in other 
words, in order to get the values of the distances. 
But the author hopes by the use of mechanical 
adjuncts to overcome this defect, and render the 
process available as a good practical photometer. 

The eye or iris —— is, as Mr. Ackroyd 
remarks, probably the most absolute of light mea- 
surers, since the apparatus used is the organ of 
vision of itself, and the movement of the iris on 
which it is founded is quite involuntary. But it 
remains to be seen whether it is really more trust- 
worthy or convenient than the different photometers 
now inuse, Mr. Ackroyd’s plan is highly ingenious, 
and we hope he will also render it thoroughly 
practicable. 








EDISON’S HORSESHOE LAMP. 


WE have at last a glimmering of truth upon the 
real value of the carbon horseshoe lamp invented by 
Mr, Edison at the close of last year. A very able 
article communicated recently to the Standard 
narrated the failure of the carbon filaments and of 
the vacuous globes to stand permanent use. We 
now possess a careful scientific investigation into the 
economic value of the light. These results, though 
brief, are conclusive; and they confirm in every 

int the adverse criticisms which we published (vide 

(NGINEERING, page 113 ante), when the authoritative 
article upon the light appeared last February. It 
appears that Mr. Edison, dissatisfied with the ex- 
——— of bitter pp preregee heard on every 

d, called in the aid of two prominent scientific 
gentlemen to carry out an independent investigation 
of his lamps and of the amount of power consumed 
by them in the production of light. These gentle- 
men were Professor H. A. Rowland, of the John 
Hopkius University—an excellent nomination—and 
Professor G. F. Barker, an out-and-out partisan of 
Edison (and professor of physics in the so-called 
University of Pennsylvania) and author of the work 
which so unworthily attempted to rob Professor 
Graham Bell of his laurels for the invention of the 
telephone. These gentlemen visited Menlo Park 
only to find the testing apparatus of a description 
too rough for use and the dynamometer hope- 
lessly out of order, Contenting themselves there- 


they measured the light and the heat respectively 
emitted by two lamps coupled in series. Their 
calculations brought out the result that when 
the lamps were emitting from 10 to 13 candles’ 
light, the energy actually supplied by the steam 
engine to the generator was at the rate of one horse 
power for 76 candles’ power. When stronger 
currents were used, so as to make the lamps shine 
with about 30 candle power, the economy was 
greater, but the carbon filament was speedily de- 
stroyed. They wound up their report with the 
following conclusion, ‘ Provided the lamp can be 
made either cheap enough or durable enouga, there 
is no reasonable doubt of the practical success of 
the light, but this point will evidently require much 
further experiment before the light can be pro- 
nounced practicable.” This was the closing sentence 
of the article in Sil/iman’s Journal, but we may record 
it as a fact in journalism that the New York Herald— 
the favoured Edisonian organ—in avowedly quoting 
from Silliman's Journal contrived to add the follow- 


come the difficulty, however, no one who knows him 
can doubt!” ‘This, however, is not all. A much 


more satisfactory series of exact tests have been ap- 
plied to an Edison lamp with all the finest resources 
of the Stevens Institute; the actual resistance of 
the lamp and the strength of the current flowing 


fessor Morton and Professor Mayer. Their report on 
these experiments we hope to publish ix extenso 
shortly ; from it it would cope that though they 
found the efficiency of the lamp experimented with, 
even greater than those tried by Professors Rowland 
and Barker, they emphatically conclude that the dis. 
advantages of the sytem outweigh its advantages and 
its ‘‘ relatively trifling economy disappears or ceases 
to have any controlling importance in the practical 
relations of the subject.” The sounder judgment 
of American science, therefore, accords with that on 
this side of the Atlantic in its estimate of that which 
Mr. Edison modestly called ‘‘ my discovery of the 
electric light.” 








THE SPITZBERG TUNNEL. 
(Continued from page 334.) 

Wirs the assistance of a large number of work- 
men and anenergetic staff, all the temporary buildings 
were erected and engines, pumps, and boilers fitted 
up in four weeks, so that by the commencement of 
December, 1874, the work of sinking the shaft was 
actively begun. A few general dimensions given 
below will show the power available for the work, 
and it should here be mentioned that ample power 
was provided for every contingency. The engines, 
boilers, and pumps were constructed by Messrs, 
Breitfeld, Danék, and Co., of Carolinenthal, near 
Prag, Bohemia. They are illustrated by Figs. 9 
= 12, on the two-page engraving in our last 

ue. 

The general particulars of engines and pumps are: 


Winding Pumping 


Engine. Engine. 

Available horse power 25 0. 
Diameter of cylinder oad in. 17 in 
Stroke a me 247 ,, 37% 5, 
Number of revolutions per 

minute ... oe .» 80max.48min. %& 
Diameter of steam pipe ... 3} in. 2¢ in. 

- » exhaust... 34 in.  _ 
Steam pressure in boilers 70 Ib. 70 Ib. 
Diameter of piston rod ... 24; in 2,9; in 
Guide blocks, length TF 164 in 

” ” width 10§ 29 8} 2 
Flywheel, diameter eo» 8ft. 4fin. 14ft. Spin. 
Pumps, diameter ... ish 10§ in. 

os stroke , oan 4 ft. 1£in. 
Delivery pipe, diameter ... oo 11 in. 
Plunger pumps, diameter ove 10 ,, 

a “ stroke... 4 ft. 5$ in. 


diameter 
. 84 in. 


ub. ft. 
31.78 max. 16.59 min. 


Previous to the erection of the winding and 
pumping engines, the work of sinking the shafts 
was carried on by hand power only, by two 
sets of men, working for twelve hours each set, day 
and night, hauling being done by means of hand 
windlasses and pumping by wooden temporary 
pumps. This mode of working could, however, 
only be carried out in the loose sandy clay and 
soft rock carrying but little water, and to a dis- 
tance of 65 ft. At about this depth the conditions 
became unfavourable, very hard rock was met with 
at 72 ft., while an abundance of water made working 
difficult, and progress was in consequence very 
slow. The first 70 ft. were sunk in one month, but 
P to the end of April, 1874, the advance in shaft 

o. 1 oath} was from 15 ft. to 18 ft., that in shaft 


of delivery 


Capacity per minute 


No. Lope from 18 ft, to 23 ft., which was hardly 
one-half of the calculated progress, To keep the time 
stipulated for the completion of the shafts, it was 
necessary to adopt other means of working, and the 
extremely hard rock necessitated the use of steel 
chisels and heavy hammers, After several trials, 
English cast steel was found to stand best, and was 
almost universally used. To reduce waste, a small 
fine was imposed for every worn-out chisel, and by 
this means the number for each shaft was reduced 
from about 1400 to 800 per day. They were sharpened 
in forges built close to the shafts, each smith being 
able to sharpen from 120 to 150 chisels per day of 
12 hours; they were tempered to straw colour, 
which gave the best results. 
The difficulty caused by the inflow of the water 
was got over very effectively by the use cf collecting 
troughs, which conveyed it tothe pumps. After the 
modified arrangements were complete, progress was 
materially increased and raised from 30 ft. to 43 ft. 
per month. The number of men at each shaft was 
about forty ; pw | were paid by piecework, the price 
metre run including blasting materials and lights. 
As mentioned above, the tools were supplied by the 








until he reaches a position E where the sudden 


being directly measured. These experiments were 
conducted by persons of no less eminence than Pro- 


contractors, a small charge being made for sharpen- 
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ing. The men worked in eight-hour shifts, the 
foremen and overseers, however, remaining on duty 
for twelve hours. Drilling was carried on by two 
men with hammers of from 15 lb. to 18 1b. in weight. 
After many experiments the shape and size of drill 
shown in Fig. 13 on the two-page engraving (see our 
last issue) was adopted; the small holes of 1} in. 
in diameter were, of course, more easily drilled than 
larger ones, and with the use of d ite were 
found the most economical. The dynamite used 
was of the best quality only, partly Nobel’s, partly 
from the Obladner Works. - Bickford’s fuses were 


employed for igniting the charges, and although it | i 


happened rather frequently that the explosion of 
one charge destroyed the fuses of several others 
adjacent, no better means of firing could be found; 
electrical discharging arrangements on Abegg’s 
system were tried, but did not prove a success, 

For hauling up the excavated materials, wood 
buckets of 23 cubic feet capacity were used; these 
buckets were fixed to the hauling wire rope by means 
of a chain 25 ft. long, which passed through a timber 


itl} 











guide, as in the annexed sketch. This arrangement 
revented the bucket from swinging, but left it free to 
moved to any place at the bottom of the shaft. The 
arrangement of pumps in shaft No. 2 is illustrated 
in Figs. 14 to 16. Fig. 15 shows the pumps at a 
depth of 157 ft., the valve box and cylinder being 
fixed on a platform 19 ft. above the floor. The 
suction pipe was connected to a movable nozzle by 
means of a short leather pipe, which could be easily 
disconnected for the purpose of clearing away the 
suction end and valve when blasting. ‘The suction 
consisted of a wood casing in which a copper pipe was 
arranged with a stuffing-box to slide out according 
to the depth of shaft, By this means an increase 
in length of 5 ft. was obtained, the suction pipe 
being further lengthened by putting in an extra 
length of cast-iron pipe, the total length being 
limited to about 25 ft. When this distance was 
reached the pump had to be placed on a 
lower level, which always required a considerable 
amount of titne, as did also the work of securing the 





suction end of the pump against the influence of 
explosions. This latter requirement was ultimately 
met by replacing the telescope pipe by an india- 
rubber hose. Most water was encountered in the 
shaft between 65 ft. and 130 ft. deep, and after this 
depth was reached, an alteration was made in the 
pumping arrangements. In a wooden trunk built 
round the suction pipe of the pump was collected all 
water running down the sides of the shaft, while 
that rising from below was lifted into this box by 
means of a hand pump ; the water was raised to the 
hand pump about 20 ft. and forced up nearly 50 ft. 
into the suction box of the large geet ee , and 
in this way considerable labour was saved in shifting 
the pumps, which was now only necessary for every 
50 ft. depth. Fig. 16 shows the arrangement of 
main and auxiliary pump at 250 ft. depth with a 
suction vessel for the main pump at about 215 ft., 
and the pump set at 180 ft. At this stage of the 
work, the pumping machinery, intended for constant 
use during the completion of the tunnel, was com- 
menced, and after a depth of about 330 ft. was 
reached, the temporary pumps were removed, and 
more D sey seyes ones started. From Fig. 14 it will be 
seen that the valves of this pump were mounted on a 
platform at a depth of about 95 metres or 312 ft. from 
the top of the shaft; as this, however, was not suffi- 
ciently low to draw water from the tunnel level, an 
auxiliary pump, worked by means of a bracket from 
the rods of the former, was added, drawing water 
from a sumph in the tunnel floor and delivering it 
into the suction tank of the main pump about 65 ft. 
higher. As the work of driving the tunnel advanced, 
and the inclined portion was commenced, the water 
could not of course collect in the sumph below the 
pump shaft ; it became nece , therefore, to place 
a small pump at the lowest level, with a suction pipe 
34 in. in diameter, led off to suitable points in the 
tunnel in order to carry off the water to the 
sumph, whence it was lifted oe main pumps. 
The whole arrangement will understood by 
reference to Fig. 14, and the details Figs. 17 to 23, 
which also show the mode of lining employed in 
the vertical shafts, very little framing being neces- 
sary in consequence of the firmness of the rock. 
In driving the tunnel, and particularly after the use 
of dynamite was commenced, it was found neces- 
sary to provide some means of ventilation, and this 
was very effectually done by placing a Schiele venti- 
lator, 32 in. in diameter, and driven at 1100 revolu- 
tions per minute, in the engine-room; this fan was 
worked from the pumping engine shaft. Wood 
upcasts of 2.16 square feet area built into the shaft, 
and connected to the suction pipe of the ventilator, 
cleared the shaft in a very short time from foul air 
after the explosions, and work could be resumed 
very quickly. There was but little difference in the 
time employed for sinking the two shafts ; No.1 was 
416 ft. 8 in. deep and occupied 419 days, No, 2 was 
367 ft. 5.5 in, deep, and occupied 348 days to com- 
plete. The area of the shafts is 183 square feet. 
The average progress made in both was almost 
exactly 1 ft. per day ; this average cannot, however, 
be taken as a fair amount for even this class of 


frock—hard mica slate—because during a con- 


siderable part of the time, nearly five months, the 
average fell very far short of what it ought to have 
been, and under favourable circumstances 16 in, per 
24 hours would probably be a fair average. 














Per Cubic |Per Yard 
ne Yard. | forward. 

1. Depth of each hole 254 in. 

2. Number of holes ... 52 99.3 

3. Depth of all holes eee 11 ft. | 210 ft. 

4. Number of sharp chisels 40 765 

5. Surveyors ... ; eee 0.16 3.06 

6. —— i t = 

7. Dynamite, lb. - 3. 

8. Quick match 19 ft. 8in.| 377 ft. 

9. Fuses, number ... 5.6 107.1 
10. Lamp oil, Ib. 12.3 23.6 
11. Minecarpenters ... 0.72 13.8 
12. Smiths iad 0.41 7.80 
18. Joiners... 0.032 0.61 
14. Labourers ... 0.11 2.14 
15. Watchmen... ne —~. 0.11 2.14 
16. Round timber, cubic feet ona 3.1 59.3 
17. Posts 19} in. square, cubic feet} 3.4 64.8 
18. Iron, lb. ... ove al! Ee 82 
19. Steel, Ib. ... oe i, ol §=285 6.7 
20. Coal for smiths’ fires mixed of 

one-third charcoal and ino-} 17.6 337 

} thirds coal, Ib. ws. 
21. Miscellaneous 2d. 3s. 7d. 








In the Table above are given the quantities of ma- 


terial and labour ne for the removal of one 
cubic yard and of one yard in depth, averaged from 
~ results grog be both ts. ‘ 

e may take this opportunity of mentioni 
that we ~ A indebted for the ives and nae 
ticulars of this important work to our contemporary 
the Zeitschrift fiir Bauwesen, published in Berli 

(To be continued). 
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The Iron, Steel, and Allied Trades in 1879. Annual 
Report to the Members of the British Iron Trade Assso- 
ciation. London: E. and F. N. Spon, and British Iron 
Trade Association. 

Tue report before us comprises within its 11] pages 
a great variety of valuable statistics of especial in- 
terest at the present time to all concerned in the 
prosperity of our iron and steel industries, and it 
altogether reflects great credit upon Mr, Jeans, the 
secretary of the British Iron e Association (and 
also of the Iron and Steel Institute) who is respon- 
sible for its compilation. 

The contents are divided into eleven chapters, of 
which the first deals with the production and im- 

rtation of iron ores. From this we learn in the 

leveland district the output of ores fell in 1879 to 

4,750,000 tons as compared with 5,605,639 tons in 
1878. With regard to the other districts the data 
for an exact comparison are not yet available, but 
the total iron ore raised in the United Kingdom 
last year is estimated at 13,800,000 tons, as com- 
pared with 15,726,370 tons raised in 1878. The 
imports also last year fell to 1,083,692 tons, as com- 
pared with 1,173,860 tons in 1878. The figures 
which Mr, J: anne wns showing the variation in our 
imports from different countries during the past 
twelve years or so are of much interest, but we 
cannot repeat them here. 

Chapter II, deals with the pig iron trade, and 
contains copious information respecting the pro- 
duction of different districts, quantities of stocks, 
shipments, and prices of pig iron during series of 
years, together with notes concerning blast furnaces 
and the consumption of coal per ton of iron made, 
Chapter III. deals in a similar way with the manu- 
factured iron trade, the information given being 
very varied, With reference to this section of his 
subject, however, Mr. Jeans expresses his regret 
that up to the present time no records of the pro- 
duction of manufactured iron have been kept in this 


country. 

The fourth chapter treats of the Bessemer steel 
trade, and from it we learn that at the end of 1879 
there were 66 Bessemer converters in use in this 
country, .while 38 were idle, and 11 in course 
of erection. The total quantity of steel in- 
gots produced by the Bessemer process in 1879 
was 834,711 tons, while the quantity of steel rails 
turned out was 520,231 tons. A noticeable feature 
shown by the tables was the remarkable decrease 
in the output of the Sheffield district in 1879 as com- 
pared with 1878, this decrease amounting to 116,780 
tons, while, with the exception of Lancashire (which 
showed a decrease of 38,792 tons), all other districts 
showed an increase. Chapter V, deals with the 
open-hearth steel trade, and shows that at the end 
of 1879, 102 open-hearth furnaces existed in the 
United Kingdom, these furnaces having turned out 
175,000 tons of steel during the year. 

The next chapter deals with British exports and 
imports of iron and steel, and from it we learn that 
the exports of 1879 showed an increase in quantity 
of 583,000 tons, and an increase of value of 1,045,000/, 
as compared with the previous year, the quantity 
exported being in fact greater than during any year 
since 1873. ‘The principal increase was in pig iron 
and old iron, these two items accounting for an 
increase of 493,000 tons, We have not space here 
to deal with the classification of the iron and steel 
exported, but the statistics given in the report before 
us deserve careful perusal. 

Chapter VII. treats of the coal trade in 1879, and 
shows amongst numerous other facts that the ex- 
ports last year reached 16,535,642 tons as compared 
with 15,494,633 tons in 1878, Chapter VILL, treats 
of shipbuilding, and comprises some specially in- 
teresting statistics relating to the use of steel for 
this p , while next comes a chapter on rail- 
ways and the iron trade, containing a variety of 
interesting information, “The Foreign Iron and 
Coal Trades in 1879” forms the subject of 
Chapter X., this chapter containing statisti¢s which 








tender possible sothe interesting comparisons be- 
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tween our own progress and that of other nations. 
Finally we have a chapter on ‘Tariff Legislation 
and the British Iron Trade,” in which e tariff 
legislation of the last twenty years is reviewed, 
and information given as to the present aspect of 
the subject in Germany, France, Canada, and the 
United States. Altogether, as we have said, the 
report before us is a very creditable one to all con- 
cerned in its production, and we have no doubt that 
the information it affords will be widely appreciated. 
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THE VICTORIA DOCK EXTENSION, 

On Thursday the 6th inst. the Victoria Dock extension 
was practically completed by the admission of water from 
the Thames, and the London and St. Katherine Docks 
Company are now the owners of the finest works of this 
class in the world, comprising an area of nearly 200 
acres of water. The new and old docks—the Royal 
Victoria and Albert—are 3 miles long, with 7 or 8 miles 
of quay room, an almost unlimited warehouse accommo- 
dation, and complete facilities for railway communication. 
The deptb of water is amply sufficient for vessels of the 
largest draught coming up the Thames on spring or 
neap tides, and an entrance is provided 4 miles lower 
down the river than is possessed by any otherdock, We 
have already (see ENGINEERING, vol. xxv., page 246) 
published an illustrated and detailed description of 
this great work, and we need only therefore repeat here 
some of the more general particulars, The new dock 
extends from the eastern end of the old one, to the Thames 
at Galleon’s Reach, and the entrance from the river con- 
sists of two jetties 250 ft. long, and a lock between 80 ft. 
wide and about 600 ft. long, leading into an entrance 
basin of 10 acres, and thence to the main dock of 80 acres, 
through a second entrance 200 ft. long, and also 80 ft. 
wide. The maindock is 6500 ft. long, and 490 ft. wide; the 
minimum depth of water is 27 ft., and the quay walls are 
6 ft. above the water level. The enclosing walls are entirely 
of Portland cement concrete. On the south side and near 
the inner end of the dock are two graving docks, set 
diagonally with the line of the quay walls, so as to cause 
the least possible interference with the shipping when 
vessels are being taken in or out. One of these docks is 
500 ft. long and 84 ft. wide, the’ other is 410 ft. long 
and 76 ft. wide, both having a depth of water on the 
sills of 21 ft. Portland cement concrete enters very 
largely into the construction of these docks, the walls 
being faced with granite and brickwork. The entrances 
are closed by wrought-iron caissons. A formidable piece 
of work involved by this undertaking was the diversion 
of the North Woolwich branch of the Great Eastern Rail- 
way, Which formerly ran over the ground near the junc- 
tion between the new and old docks. A considerable 
diversion of the line became necessary, as well as a 
lowering of the rail levels by 40 ft. so as to allow it to 
pass under the passage below the new and old docks. 
This rendered the construction of a tunnel 1800 ft. 
long necessary, with approaches of 1 in 50 on each side. 
The tunnel was made with a double way each 14 ft. wide 
for a distance of 350 ft., the remainder being in single 
tunnel or covered way. The works have been in progress 
for about 4} years, and will have cost at least a million 
sterling. More thau 3,000,000 cubic yards of excavation 
have been made, largely with the aid >f Dunbar’s steam 
navvies made by Messrs. Ruston and Proctor. Nearly 
100,000 tons of Portland cement have been employed, 
and something like 18,000,000 of bricks, The hydraulic 
machinery for working the swing bridges over the en- 
trances, the lock gates, cranes, &c., were provided by Sir 
William Armstrong and Co., and we may add that within 
a few weeks the docks are to be illuminated by the 
electric light. Mr. A. M. Rendel is the engineer of the 
works, and Messrs. Lucas and Aird the contractors, 
their engineers being respectively Mr. A. C. Andros and 
Mr. W. Colson. 

The operation of filling the dock on tho 6th inst. was 
made the occasion for a considerable celebration, anid a 











large assemblage of distinguished persons were present 
to witness the ceremony of opening the sluices in the 
cofferdam, which was performed by Mr. Chambers and 
Mr. Brand, the chairman and deputy chairman of the 
London and St. Katherine Dock Company. On Saturday 
last, the Prince of Wales, accompanied by the Duke 
of Sutherland, the Duke of St. Albans, and others, paid 
a visit of inspection to the works. It is expected that 
the new docks will be ready to receive vessels in about 
two months, and we believe it is intended that an in- 
augural ceremony worthy of the occasion will be then beld, 








THE AMSTERDAM SHIP CANAL. 

Ar the meeting of the Institution of Civil Engineers on 
Tuesday, the 27th of April, Mr. Barlow, F.R.S., President, 
in the chair, a r was read, ‘‘The Amsterdam Ship 
Canal,’’ by Mr. i Hayter, Member of Council. y 

The object of this undertaking was to provide a direct 
and improved deep-water communication between Amster- 
dam and the North Sea. The principal works consisted of a 
dam across lake Y, to aw < the water of the Zuider 
Zee from the canal, and which was pierced by the Zuider 
Zee locks and sluices ; of the North Sea locks, for shutting 
out the waters of the North Sea from the canal; of the 
land reclamations, intersected by branch canals, to maintain 
existing navigations and drainages, and dividing the re- 
clamation into polders ; of the pumping machinery ; and 
of the North Sea harbour and breakwaters. In gene 
terms the canal might be said to include one long reach 
between the Zuider Zee and the North Sea locks, and a short 
tidal reach between those locks and the North Sea harbour. 
The long reach was required to be maintained by sluices 
and pumping, at a level of 4 metre below Amsterdam 
standard level (A.P.)—or about 14 in. above ordinary low 
water in the North Sea—for the purposes of drainage and 
for the protection of the district. 

The Amsterdam Ship Canal had a bottom width of 
88 ft. 7 in., whereas that of the Suez Canal was 72 ft., and of 
the North Holland Canal only 30 ft.10in. Toexcavate the 
canal, ordinary dredging machines were at first employed, 
the material being deposited in barges and removed by 
barrows on to the 8. wy ~ x the material fall- 
ing from the buckets of the ger was received into a 
vertical cylinder, fitted to the dredger, in which a Woodford 
pump revolved, and being mixed with water to reduce it 
to a semi-fluid state, it was forced by the pump through a 
line of wooden tubes connected by leathern joints. These 
tubes were fitted with buoying pieces to enable them to 
float on the water, and passing on to the banks deposited 
the stream of mud. he longest length of tubes was 
300 yards, and the greatest height of discharge had been 
8 ft. Twelve dredging machines were employed in the 
excavation of the earthworks, to six of which the delivering 
apparatus was fixed. Two large dredgers, under ordinary 
circumstances, were each capable of lifting and depositing 
on the banks, through the tubes, about 1700 tons, or 
1300 cubic yards of material per day of 12 hours, at a cost 
of about 14d. per ton. The quantity of material excavated, 
including the dredging in the North Sea to form the 
harbour, had been about 21 million cubic yards. 

To keep the waters of the Zuider Zee from flooding the 
lands drained by the canal, and to maintain the water in 
the canal at 4 metre below Amsterdam standard level, a 
dam was constructed across lake Y, about 2 miles eastward 
of Amsterdam, its total length being 4462 ft. In this dam 
were the Zuider Zee locks, at a distance of 984 ft. from the 
northern shore of the lake. The execution of the dam 
across a tidal channel nearly a mile wide—involving the 
construction of an extensive system of locks, sluices, and 
pumping machinery—was one of the most remarkable 
features of the enterprise. To lessen the sinkage, 
mattresses of fascines, about 2 ft. 6in. thick, were laid 
over the whole breadth of the dam, and were so woven 
together as almost to resemble basketwork. Exterior 
dams of fascine work were then built to low-water level, 
the space between them being filled with clay and sand. 

The Zuider Zee locks, three in number, including also 
one passage or large sluiceway, and three small sluiceways, 
were built within a circular cofferdam. This dam was 
525 ft. inside diameter, and consisted of two concentric 
rows of sheet piles, with a clear space between them of 
6ft. Gin. The outer row of piles was of whole timbers, and 
projected 8 ft, above high water; but the inner row was 
only 8in. wide and was not carried up above high water. 
In constructing this dam, a dolphin was first erected in the 
centre of the area to be enclosed. At the commencement, 
some difficulty was experienced in getting the piles of the 
exterior ring set out correctly. First py Ae en rope, pre- 
viously strained, was fastened to the central dolphin ; but 
the rope stretching irregularly, the piles were not true to a 
circle. Afterwards, floating rods were resorted to, but the 
wind and tide deflected them sideways. At last a light 
iron-wire rope, kept strained by a weight, was used. For 
a few days this gave irregular results, but soon acquired 
its maximum stretch, and me sufficiently accurate. As 
it was found that if the guide piles were set out 10 ft. apart, 
the resulting curve was not regular, they were spaced 40 ft. 
apart. Three pile engines were then set to the curve, on 
a radial lighter 40 ft. broad at one end and 20 ft. at the 
other, and these drove three piles equidistant in the 40 ft. 
8) - Numerous difficulties were experienced in preserving 
the contour of the dam, in resisting and meeting a violent 
south-west wind, in overcoming a stream of water in the 
pump well, in dealing with floating ice in winter, and in 
connexion with the leakage occasioned by through bolts. 
Eventually all these troubles were surmounted, the several 
expedients described being resorted to, and the locks and 
sluices were finished. The largest of the Zuider Zee locks 
bad a length of 315 ft. and a width of 60 ft. The other 
locks—one on each side of the lock—had each a length 





of 238 ft. and a width of 47 ft. © three locks had each 


tes, two pairs, pointing in o; ite directions, 
being p! at the ends of the locks, on tas pair in the 
middle pointing towards the Zuider Zee. 

The North locks were two in number, and there was 
one posnege or sluiceway. One of the locks was 390 ft. 
long and 60 ft. wide, the other was 227 ft. long and 40 ft. 
wide. 


An important feature of the undertaking was the re- 
clamation of lands from lakes Y and Wijker Meer. The 
area reclaimed had been upwards of 13,000 acres, and this 
had effected a considerable change in the physical features 
of the country. The main reliance for keeping the water 
under was on the pumping machinery at the Zuider Zee 
locks. The power to be provided was fixed at 12 horse 

wer for every 2500 acres, and for each metre in vertical 

eight to which the water had to be raised, and for reduc- 
ing the level of the water to 1 metre under the lowest level, 
or surface of the land in each section. The pumps were 
centrifugal, varying in power from 24,000 cubic feet of water 
lifted 7 ft. 2in. per minute at the Zuider Zee locks, to 812 
cubic feet of water lifted 8 ft. 10in. per minute at Polder 
VIII. The reclaimed land was divided into twelve polders. 
Their superficial area, the mean lift of water in each case, 
the quantity to be pumped, and the principal dimensions 
of yo pumping machinery, engines, and boilers, were given 
in detail. 


The largest adjuncts to the canal were the harbour and 
breakwaters in the North Sea, forming and protecting the 
approach from the ocean. The harbour was enclosed by 
north and south breakwaters, each nearly a mile long. 
They sheltered an area of 250 acres, through the centre of 
which a channel 738ft. wide had been dredged. At the 
landward end this channel had, at its junction with the 
canal, a guide pier on each side, 361 yards long. The 
breakwaters were formed of concrete blocks, resting on a 
mound of stone, the blocks being set in place, for the most 
part, by overhanging travelling cranes. In consequence of 
the tidal range being greater than was at first assumed, 
it had been found necessary to add wave breakers on the 
sea sides of the breakwaters. The interior moles were con- 
structed of fascines and stones. Nearly 54 million cubic 
yards of material had been taken out of the dredged channel 
and deposited at a minimum distance of 3300 yards from 
the coast line. The machines used for removing this ma- 
terial were principally sand pumps. When at work the 
suction pipe of the pump tended to bury itself in the sand, 
being held by a lifting chain at the most effective point, 
which was found to be from 3 ft. to 4 ft. below the surface 
of the ground. Each machine raised on an av about 
1300 tons per day. The cost of raising the material and of 
depositing it in barges was somewhat under 1d. per ton 
when the sand pumps were working. 

It was impossible to state with precision the actual cost 
of the works ; but, altogether, the expenditure had amounted 
to somewhat under three millions sterling, without taking 
credit for the sale of the reclaimed land, which realised on 
an average about 701. per acre. 


NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Glasgow Pig-fron Market.—The warrant market was flat 
last Thursday, and prices receded to the extent of 4$d. per 
ton. There were transactions during the forenoon at from 
46s. 11d. down to 46s. 7id. cash, poe fwok 47s. to 46s. 9d. 
one month, the close being buyers at 46s. 73d. and 46s. 9d. 
cash and one month respectively, and sellers asking 1}d. 
more. The transactions reported in the afternoon were 
done at 46s. 74d. cash, and at 46s. 9d. to 46s. 74d- fourteen 
days, the market closing with buyers at 46s. 74d. cash and 
46s. 9d. one month, and sellers again 14d. per ton higher. 
The market opened stronger on the following morning, but 
again gave way ; the close, however, was firm at Thursday’s 
prices. Business was done during the forenoon at from 
46s. 9d. to 46s. 6d. cash, and at 46s. 104d. down to 46s. 74d. 
one month, the close being buyers at the lower prices and 
sellers lid. over. In the afternoon from 46s. 6d. to 46s. 74d. 
cash and from 46s. 74$d. to 46s. 9d. fourteen days and one 
month were tha quotations, and at the close there were 
buyers at 46s. 7}d. and 46s. 9d. cash and one month re- 
spectively, and sellers 1}d. dearer. Monday’s market 
opened very steady in the forenoon, with buyers at 46s. 74d. 
one month ; then a fair business was done at that price one 
month fixed, and — down to 46s. 6d. fourteen days. 
The market was dull at the opening in the afternoon, with 
sales reported at 46s. 3d. one month to 46s. cash, then 46s. 
various prompts to one month, and 46s. lid. one month, 
closing at 46s. cash and 46s. 14d. one month buyers. 
Farther signs of backwardness were shown at the opening 
of the market yesterday morning, and prices ed 6d. 
per ton, and touched a lower price by 1}d. than was accepted 
on the 26th of last month. There were transactions during 
the forenoon at 45s. 10$d. cash, and quotations then went 
back to 45s. 7}d. cash and 45s. 9d. one month, the close 
being sellers at the lower prices, and buyers offering 1}- 
less. In the afternoon the prices were 45s. 6d. to 45s. 7}d. 
cash and ten days, and 45s. 7}d. to 45s. 8d. one month, the 
close being sellers at 45s. 74d. cash and 45s. 9d. one month, 
and buyers offering 1jd. per ton lower. The market was 
steady at the opening to-day, and business was done during 
the forenoon at 45s. 7id. cash to one month fixed, improv- 
ing to 45s 9d. cash and 45s. 10}d. one month paid, closing 
sellers at the highest point. There was a steady market 
in the afternoon, 45s. 74d. to 45s. 9d. cash, also 45s. 9d. to 
45s. 10}d. one month done, closing buyers at 45s. 9d. cash. 
The purchases during the past week for investment have 
been very large, and the character of the buying has been 
of the very highest class, the purchasers being principally 
persons who pay for the warrants, and take them ont of 
the market. In consequence of this, warrants are very 
scarce, and are being carried on the market without any rate 
for interest being charged. This buying shows no signs of 
abatement, and it now seems quite possible that, notwith- 
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stock and hold until backed up by actual business, 1n which 
case the upward reaction would doubtless be sudden and 
severe. In the meantime, however, there are but few 
symptoms of this revival of actual business. The Conti- 
nental demand is slightly better, though it is still light. 
American shipping orders are now nearly all completed, 
and there is no appearance as yet of fresh business of any 
extent. Hematite pig iron is selling at 62s. 6d. per ton. 
Doubtless, everything is as flat as possible for the moment, 
but the prices are now so low that, even taking the lowest 
quotations for American iron, there seems to be a consider- 
able margin in favour of this country, so that as soon as 
the present stocks in America are worked up, the British 
maker ought to be able to compete successfully against the 
American in spite of the duty. One blast furnace has been 
blown out at Clyde Iron Works, thus bringing the num- 
ber actually in operation back to'115 as against 87 at this 
time last year. Last week’s shipments of pig iron 
amounted to 17,799 tons as compa with 13,135 tons in 
the corresponding week of last year. The stock in Messrs. 
Connal and Co.’s public warrant stores stood at 439,651 
tons at the end of last week, showing an increase for the 
week of 1597 tons. 


Gas Apparatus Exhibition for Glasgow.—It has been 
resolved by the Philosophical Society of Glasgow to hold a 
gas apparatus exhibition on a large scale next autumn, and 
to combine with it an exhibition of apparatus to illustrate 
progress in electric lighting, the manufacture of mineral 
oils, telephonic communication, water measurement and re- 
gulation, hydraulic engines, ventilation, and heating, &c., 
A meeting was held yesterday at which a large executive 
committee was formed. It is confidently anticipated that 
this exhibition will be one of the completest and most in- 
teresting yet held in connexion with the manufacture, dis- 
tribution, measurement, and consumption of gas. 


Royal Scottish Society of Arts.- At a meeting of this 
society held on Monday night, Mr. George Blanshard, 
President, in the chair, Mr. John Wilson, of Bantaskine, 
Falkirk, gave a description of a continuous railway brake 
invented by him in 1848, and subsequently used for seven- 
teen years at the coalfield of Summerhouse, near Falkirk, 
now worked out. The brake was applied to horse wagons, 
and had proved thoroughly satisfactory, having been worked 
on declivities averaging 1} in. per foot. It was claimed for 
it that it was the first continuous brake known to have 
been-used. The paper having been discussed, was remitted 
to » committee. 








FOREIGN AND COLONIAL NOTES. 

American Mechanical Industry.—The Phoenix Iron 
Company, of Trenton, New Jersey, are making some 
architectural ironwork for the United States Patent Office 
at Washington. A part of this work includes an iron 
ceiling, 19 ft. by 35 ft., which is to be placed above the 
landing of the main stairway. It weighs 12,000 lb., and is 
finished in nine panels, five of which have handsomély 
ornamentel rosettes which are to serve as ventilators. 
The same works are making the columns and stairs for the 
Washington Monument at Washington, and an iron roof 
frame for a new post-office and court-house at Nashville, 
Tennessee. A new lighthouse about to be erected on the 
American shoals, Florida, was built by this eg It is 
140 ft. high. Messrs. Wells, French, and Co., of Chicago, 
are building 500 =— cars for the Atchison, Topeka, 
and Santa Fé Railroad. 


Melbourne Harbour Trust.—Ata recent meeting of the 
Melbourne Harbour Trust it was resolved to again com- 
municate with the Victorian Government with the object 
of obtaining permission to cut the canal through Fisher- 
man’s Bend which Sir John Coode recommended. Hitherto 
the Victorian Government have maintained an attitude of 
hostility towards the Trust, and have declined to allow 
them to undertake this work. 


Lehigh Valley Railroad.—The Lehigh Valley Railroad 
Company is improving the gradients and curves on its 
Beaver Meadow branch, between Penn Haven and Black 
Creek Junction. As the line runs at present the gradient 
in some places is as much as 96 ft. to the mile, and there 
are six bridges in a distance of about five miles. The new 
line has been run on the north side of Quakake Creek, and 
will cut off four of the bridges and reduce the gradient to 
about 50ft. to the mile. The grading is now in progress, 
and is being pushed forward rapidly. 


The Messageries Maritimes.—A new line of steamers 
between Marseilles and the Australian ports is projected 
by the Messageries Maritimes. It is agree that the 
vessels shall leave Marseilles monthly, and call at 
Réunion, Mauritius, Melbourne, Sydney, and Noumée 
(New Caledonia), performing the voyage in fifty-six days. 


Southern Pacific Railroad.—This important line will be 
completed to Tucson this month, whence a branch line to the 
northern boundary of Mexico will be built after the com- 
pletion of the main line to El Paso. This branch will 
extend 70 miles from Tucson to the Mexican boundary vid 
Tabac. The main line, which is nearly completed to 
Tucson, will be finished in about twenty months to the Rio 
Grande at Fort Thorn, a distance of 300 miles, and from 
there to El Paso, a distance of 350 miles, in two years 
more. 


Locomotive Wheels.—The turning of four driving wheels 
for the first of two new passenger locomotives of unusually 
large size, has been completed at the Philadelphia and 
Reading Railroad shops, at Allentown. When the wheels 
came from the foundry each weighed more than a ton. 
In turning them off, the weight of each was reduced to 
about 1800 Ib. They are the heaviest wheels ever made at 
the Philadelphia and Reading shops. The wheels have been 
attached to the axles, which are also of unusual thickness. 
The wheels of some of the passenger locomotives hitherto 
made have weighed only 1100 lb. 








THE CONSTRUCTION OF MERCHANT 
VESSELS. 


To THE EDITOR OF ENGINEERING. 

Srr,—When a person begins by compliment, and ends 
with adverse criticism, it ap natural to weigh the 
value of the latter as ated pe one can before taking 
much comfort from what has gone before it. I have fol- 
lowed this course with the letter signed ‘ James Lyall,” 

ublished in your columns last week, and find it has sadly 
emoralised the compliments. 

No one who has read my paper can fail to see that 
throughout it I was careful to exclude everything that 
could even seem like placing the on of Lloyd’s Register 
in juxtaposition with the Liverpool Underwriters’ ; 
In fact I scarcely mentioned the question of the classifica- 
tion of ships at all. I preferred to treat the subject from 
a purely professional point of view. I did not pretend to 
mention all the ships that have been built on the longi- 


tudinal system, and should care little except from a | oj} 


historical point of view if some of those nientioned by Mr. 
Lyall resembled the modern ones in construction much 
more nearly than can be gathered from his e reference 
to them. I do however protest against his insinuation that 
I did yr yey re anew os te ey were built under the 
survey of the Liverpoo’ istry. 

I am sure your ete oll believe that neither myself 
norany of my a. would resort to unfairness, even 
werethe supposed rivalry between Lloyd’s and the Liverpool 
Registries a keen and momentous one, and it is absurd to 
suppose we should do so in the present day when the society 
Mr. Lyall represents has scarcely enough surveying duties 
to do to keep their officers au courant with the progress of 


t ay. 
Certainly if Mr. Lyall had been so, he could not have | 55 


pores cs my paper so ow as oo sunoeee I ae 
‘the advantages of making the t strength up by trans- 
verse instead of longitudinal setensin the engine and boiler 
spaces.”’ 

I thought of nothing of the kind, and those who have any 
experience of the modern practice in vessels built on the 
cellular system would know at once that I was referring to 
solid intercostal plates fitted transversely at this part in- 
stead of bracket plates. I have not a copy of my paper by 
me as I write so as to examine minutely the words I used, 
but the possibility of Mr. Lyall’s misapprehensions did not 
cross my mind. 

I care little for Mr. Lyall’s sneer about my not having 
‘got beyond the it or = of the student’s elementary 
text-book.” It would not have been difficult to embody a 
few abstruse calculations and formule in a paper on shi 
construction, but those who would best have unders 
them would have seen they were not needed in the paper 
in question, and certainly I should have thought my 
endeavour to exclude them, and to present the principles 
involved as simply as possible, would have been received 
with a more grateful appreciation by Mr. Lyall. 

I am, Sir, your obedient servant, 

Glasgow, May 12, 1880. Wm. Joun. 


PERMANENT WAY FUR STREET 
TRAMWAYS, 
To THE EDITOR OF ENGINEERING. 
S1r,—Allow me to make a few observations in reply to 
Messrs. Spielmann and Co.’s letter of May 4, inserted 
in your last week’s issue, in which they complain that in 
the description of Aldred’s patent rail in my ay ee read 
before the Institute of Mechanical Engineers on April 22, 
I had not brought my remarks down to date ; or in other 
words, that I had only described the earlier form of rail 
and chair. My answer to this is, that Messrs. Spielmann 
and Co. knew as far back as last January that I was pre- 
ring a paper on the above subject, to be read before the 
Institute, and I asked them for particulars of their system 
and invited them to send models to the meeting, but all i 
received was a printed circular. 

you are aware my paper was postponed till April, so 
pointed 








there was abundance of time for Mr. Aldred to have 
out any modifications that may have been made in their 
system. 

6 the new design of rail and chair, as illustrated in 
their letter, fail to see any improvement over the original. 
On the contr ry, the web on the chair being dispensed with, 
I am of opir’ n that they are more likely to be burst by the 
wedging actien of the double rail than the former pattern 
were. I grant that, presuming the chairs are made of the 
same width as the paving stones, then by leaving out the 
strengthening web, the cutting or dressing of the under 
side of the stone is unnecessary. But is not the securing a 
better base for the stones opposite each chair, secured only 
by a sacrifice of strength in the chair so far as the 
tendency to split is concerned ? 

I do not think it a matter for argument whether or no 
wood sleepers are perishable—it is well known they are ; 
but I know that experience has shown that all perishable 
materials should be dispensed with as much as possible. 
Another serious objection to cross sleepers, irrespective of 
the material, lies in the fact that where used in conjunction 
with deep paving setts, the stones on either side of the 
sleeper in process of time subside a trifle more than those 
immediately on the sleeper, and give to the road a wavy or 
undulating appearance. It was solely for this reason that 
the municipality of Paris —— ly refused to allow 
-~. system embodying cross sleepers to be used in any part 
of Paris 

I think it is unnecessary to discuss the merits or demerits 
of a base-plate, as I very much douht if any new company 
would be allowed by the Board of Trade to adopt avy 
system that did not provide some base-plate. 

I cannot see that any spécialiti¢é can be claimed for 
breaking joint in the rails, because the same thing is 
secural by many different systems. 

J.D. LARSEN. 


7, Poultry London, E.C., May 12, 1880. 





VARYING THE SPEED OF GOVERNORS. 
To THE EpIToR or ENGINEERING. 
en See your janes of April 23rd last you Fn paar vse Se 
ag or e 8 governors, recently 
ry Messrs, Wallis and Sieevens. A precisely similar ar- 
rangement was applied to an engine in one of Messrs. 
Tangye Brothers’ shops at Soho, Birmingham, several 
years ago, and has, I believe, been in continuous use ever 
since. 
Yours truly, 
T. B. Ewen. 
4, Duchess-road, Birmingham, May 10, 1880. 


DREDGER FOR KURRACHEE. 
To THE EDI10& OF ENGINEERING. 

_ Srr,—Referring to your recent notice in ENGINEERING 
in reference to the dredging plant built for Kurrachee, I 
find that it is stated that the plates for shells and ends of 
ers are of B. B. Staffordshire iron, whereas the whole 
of the iron emploved, both in tke construction of the boilers 
as well as the hulls of the vessels, was entirely of Messrs. 

Hawks, Crawshay, and Sons’ superior make. 
Will you, therefore, be good enongh to correct this error 


and oblige, 
Yours truly, 
st =e W. F. Baruo. 
9, Victoria Chambers, Westminster, May 10, 1880. 


THE TAY BRIDGE AND WIND PRESSURE. 

To THE EDITOR OF ENGINEERING. 
Srr,—As I see from the evidence on this subject 
that some doubts were expressed as to how the value of 
per square foot of wind pressure, as adopted by the 
late Professor Rankine, had been obtained, r may state 
that in the ‘‘ Manual of Civil Engineering” Professor Ran- 
kine give this value, on the authority of the late Dr. 
Nichol, of G w Observatory, and in the ‘‘ Manual of 
Applied Mechanics,’’ Professor ine states that ‘‘ this 
result, obtained by observations with anemometers, has 
been verified by the effects of certain violent storms in de- 

stroying factory chimneys and other structures.” 

am, &c., 
W. J. Mruuar, 
Editor, Rankine’s Manuals. 
100, Wellington-street, Glasgow, May 6, 1880. 











SPREADING SAND ON ROADWAYS. 
To THE EDITOR OF ENGINEERING. 

Sir,—Onur attention having been called to the excellent 
article in your columns of the 7th inst. upon this subject, we 
venture to submit the following remarks with to the 
quantity of material contained in the machine constructed by 
us for Mr. Livingstone. The hopper of this machine contains 
about 5 bushels, and although we are not quite clear upon the 
subject at present, we have been led to believe that 24 bushels 
of sand distributed omy over an acre of swept asphalte 
would make aconsiderable show upon the surface and be 
found sufficient to afford the necessary friction for the 
traffic, whilst the 5 ft. 3 in. wide machine would have 
2765 yards to cover the acre of roadway. If, therefore, it 
be found in practice that 24 bushels of sand are sufficient 
for the acre, Mr. Livingstone’s machine contains sufficient 
for a three-mile journey, whilst the “‘ slip’’ can be instantly 
nome Wy the driver to give a more copious supply as 
needed. though we venture to adduce these facts, we 
muclf appreciate your remarks bs ae the subject, and as 
the new machine can easily be adapted to contain a cubic 
yard if necessary, we should highly esteem the expression 
of the views of your more practical correspondents upon the 


point. 
We are, Sir, your obedient servants, 
May 11, 1880 RICHARD GARETT AND Sons. 





SEWAGE OF HerTFORD.—The Corporation of Hertford 
have agreed with the Rivers Purification’ Association to 
continue the treatment of the sewage of that town at an 
increased annual subsidy of 6501. instead of 5501, 


Hotorast Bay Rartway.—The Satellite has arrived at 
Adelaide from Cardiff with all the rails, fishplates, sheath- 
joints, and spikes required for the Holdfast Bay Railway. 

t is expected that the line will be in working order before 
the close of this month (April). 


THe TEMPLETON Famity.—We have pleasure in 
acknowledging the receipt of the following amounts con- 
tributed to the relief of the Templeton family, whose case 
was noticed on page 305 of our number of April 16. 








£8. 4. 
Amounts already acknowledged .. 915 6 
iT el@ Gaga bigwigs ~ oi 6 
. and C, yson, ship 0 
F. Pilcher aus oa oss a 010 0 
A friend of ditto... ood eos oo 023 6 
The following amounts have also been received by Mr. 
ay oo ET 0 0 
moun acknow be 21 
Subscribed by Mr. eon sl and 
some of the employés at Church 
Wharf, Chiswick ... « wo fea 
R. M. Ogle so a wa 010 0 
E. Dawson ove ea oe 05 0 
R. Lindsley Ke i 0 2 6 
H. Lawrence, Jun. i ied 026 
R. Ogle, Jun... soo se oe eee 
A subscriber to the fund writes: ‘‘ There are a great 


*€ many mechanics both old and young who will remember 
** the pleasure they felt when turning to their ‘Templeton’ 
“ (as the books are called) and finding their query answered 


Tin a gia unvarnished style, and I trust that these will 


‘* not allow your appeal to pass 
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DOVETAILING MACHINE. 

We annex an illustration of a novel and very ingenious 
machine for dovetail jointing, invented by Mr. W. Tighe 
Hamilton, of Rathmines, Dublin, and recently exhibited 
at the Building Exhibition, Agricultural Hall. 

Numerous attempts have been mado during the last 
thirty years to perform the operation of dovetailing by 
mechanical means, but—with the exception of Armstrong’s 
machine for the larger class of work—with scanty success. 
The failures have chiefly arisen through the employment 
of conical or other cutters, which after a time vary in the 
amount of their wear, thus producing misfits in the 
wooden joint. 

In the machine under notice both the “tails” and “ pins” 
are cut by means of an ordinary circular saw to which a 
peculiar combined rotary and reciprocating motion is 
given. The saw is mounted on a spindle, one end of 
which is bent at such a degree of obliquity to its central 
line as is necessary to produce the angle of the dove- 
tails. This spindle is free to reciprocate as it rotates, 
the reciprocating motion being produced by means of an 
eccentric of very peculiar and original form ; it can 
hardly be described without drawings, but may be termed 
a “ drunken” eccentric or an eccentric thrown out of truth, 
with its action governed by an adjastable controlling 
lever attached to a box and socket joint. When the saw 
spindle is set in motion, the saw swings to and fro in 
pees passing through a vertical diameter for cutting 
the tails, or through a horizontal diameter for cutting 
the pins. The sizes of the tails and pins and the spaces 
apart, can be varied from the thickness of the saw up to 
any ordinary dimensions required in practice. The dif- 
ferent sizes are obtained by causing the planes of the 
saw to intersect in otherflines those that pass through the 
centre of the spindle, the saw being kept in any desired 
position by means of adjustable collars, The peculiar 
mechanical principle embodied in this machine has been 
applied to various other uses, including the cutting of 
bevel or other gearing in iron, steel, gun-metal, or wood, 
a perfectly formed tooth of any desired shape being pro- 
duced by a single passage of the saw. 

In addition to cutting all ordinary forms of dovetails 
as used in cabinet work or joining, mitre dovetails, con- 
cealed dovetails, or dovetail grooving and tonguing, can 
be performed with equal facility, and with absolute truth 
in the result. The depth of the dovetail, or inward tra- 
verse of the saw, is regulated by stop pieces, and the 
vertical or downward traverse is arranged with an auto- 
matic quick return motion, 

The whole of these details have required some years 
to be brought to their present state of ection, and 
the result may be pronounced as eminently satisfactory. 
The machines have been thoroughly tested by Messrs. 
Howard and Sons, London, in the production of their 
parquet flooring, by Messrs. Cubitt and Sons, London, 
and in about a dozen other large establishments, includ- 
ing the Government dockyards, for whom we hear two 
additional machines are now being constructed for Ports- 
mouth. The sole agents for those machines are Messrs. 
Powis Bale and Co., woodworking engineers, 20, Budge- 
row, London, E.O. 





HYDRAULIC SUGAR-CANE MILL. 

Srr,—With reference to a “‘ Hydraulic Sugar-Cane Mill 
and M Steaming Chamber,’’ illustrated in ENGINEER- 
1n@ of the 12th March, 1880, stated to have been success- 
fully tried in Jamaica, it a; rs to me to be similar as 
regards the ent of the two mills, to ‘‘ Russell’s 
ing or Double ing Process,’’ the novelty being 

the use of hydraulic pressure brought to bear on the side 


ler brasses. 

The idea is good, and appears to have been well carried 
out, but oh mill entails a wy ome complicated 
arrangemen engine, gearing, &c., any 0 
mill, and consequently runs the risk of more frequently 


givin, in various 
Mille of this a a lee require much more care- 
ful attention, both from the workmen who have to look 
after them, and also from the engineer in charge, than they 
would be likely to receive in the West Indies, and the first 
cost of them must be very much more than the cost of 
ordinary mills. 
If beneficial results can be obtained by using a mill of Mr. 
Berry’s design, that is if a larger percentage of juice be ex- 
from the canes, at the nee yee hy cost, an 
cupgiened rom an ordinary mill, e 8 ing 
world has received a valuable addition to its akveady long 
list of machinery, and if any of your readers can place 
particulars of working, &c., of Mr. Berry’s mill in your 
—— they will, Iam sure, confer a great benefit on all 
who are interested in the maaufacture of sugar. I 
enclose my card, and remain, Sir, 


Yours ully, 
London May 8, 1880. Tovusouns Pret. 








STANDARD RAIL SECTIONS, 
To THe Eprror oF ENGINEERING. 
Str,—The question of tail sections has been 
enough with the aim to unite the interests of 
consumers and producers of rails. With this view in 
mind, and as a rail i ¥ | i and published in 
1870 a series of s rail sections, of which the two 


weighing 50 lb. and 56 1b. per were very 
a for American railways ; are et in 
tho and the height, and were made in iron. stevl 


THE TIGHE HAMILTON 








came into use for rails, I was called upon to design forms fo 
steel rails, and published a new series of standard rail 
sections in 1878. These are higher than the width of the 
base, the web and the being somewhat thinner, 
owing to the greater facility in rolling steel than iron. Of 
these the 50 Ib. and 56 lb. sections have also been very largely 
adopted in America. In fact, since the revival of the 
American rail trade in this country there are hardly any 
other sections asked for, and makers are deriving great 
benefit in being relieved from the numerous sections which, 
besides the cost of rolls for each one, cause great delay in 
executing orders. Unhappily, however, the publication of 
the two sets of sections—the new and old—sometimes 
causes a confusion, and in order to explain and avoid such, 
I have often been upon to give a consultation, but 
have Gongs it more efficient to explain matters through 
your widely circulated paper, to the railway engineer as 
well as the railmakers. As drawings have been extensively 
distributed since they were published, it would now suffice 
to point out the difference so as to distinguish the old from 
the new. This can be done in two ways, first, by entering 
them, the new and the old, or | the year of publication, 
1870 or 1878 respectively, or by the dimensions, height of 
rail, or width of flange for the respective weights, 50 lb. or 
56 Ib. yard. To call them by iron or steel would be 
less efficient, inasmuch as the old sections formerly made in 
iron are now often made in steel for maintenance and re- 
newals of old roads, in order to keep the same fishplates. 
The benefit in the new ones, although more advan- 
tageous in constructing new lines, is not so great as com- 

with the inconvenience of having two sections of fish- 
plates on the same road. 

The old sections having been down in America for eight 
or ten years must inly have proved good, as they are 
now so much asked for, and it is inly ve aratifyin 
to find that the American railway engineers have uni 
their requirements in adopting these sections, both new and 
old, and they will naturally derive the benefit in obtaining 
the rails cheaper and quicker than if every one should have 
his own section. 

My object has thus been reached to a very great extent. 
I have no pecuniary advantage in either the old or new 
sections being adopted, and unless I have the inspection 
entrusted to me, could not be accountable for any 
correctness, neither as to sections nor quality of the rails, 
ostensibly made to the so-called Sandberg’s section and speci- 
fication. Yours truly, 

Cc. ¥. SANDBERG. 


19, Great George-street, Westminster, May 3, 1880. 





THE STRENGTH OF IRON STRUCTURES. 
To THE EpiTor or ENGINEERING. 

Srr,—My last letter on this subject was written before 
Mr. am Ende’s letter in your issue of the 16th. 
Having now read this . I willingly withdraw the ob- 
jection that I f made to Mr. am Ende’s method of 
using the factor of . 
to understand the objection which I made, will probably 
recognise the force of the reasoning in Mr. am Ende’s last 
letter. His conclusion—the justice of which I fully admit 
when its application is limited in the way Mr. am Ende 
limits it namely, to bridges, and I think it applvs suffi 





citntly well also te boilers—is that in strutturce, where th 
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maximum possible forces can be predicted with a fair 
approximation to accuracy, no factor of safety should be 
= to these forces. A section should be calculated 
that will be just sufficient for the actually possible forces, 
and then that section so calculated should be multiplied by 
a factor of safety. The factor of safety should be applied 
to the section alone, not to any of the forces. Whether 
the above just sufficient should have reference to the 
rupturing stress of the material or to the limit of elasticity, 
is a point on which I do not wish to touch just now. 
But if I withdraw that minor objection that I made, itis 
= otherwise with regard to the legitimacy of the 
unhardt-Weyrauch formula itself, which formula Mr. 
am Ende wishes to press on the acceptance of English engi- 
neers. I took exception to that formula, firstly, because, 
so far as I have had means of comparing it with the ex- 
periments, it did not seem to agree with the intermediate 
experimental results with that amount of closeness which 
may be fairly demanded ; and, secondly, because it had 
been in all probability conceived without reference to the 
cases of negative, i.e., compressive, stresses and had after- 
wards been applied to these cases without experimental 
justification. I explained a graphic method of represent- 
ing the rule by which it is easily recognised that it is really 
quite inapplicable to these cases of compression. In my 
letter in your number of 2nd April, I said, ‘‘ If the above 
bolic curve be extended into the negative side of the 
gure, it leads to results that are evidently absurd.”” My 
present object is to propose another better formula, 
and, therefore, I hope you will excuse my occupying & 
little of your space in showing how very absurd it is, 
because there is no need of another one if this one 
is a good one. Mr. Longridge has, in your last 
issue, shown by arithmetical calculation that the equa- 
tion does not give any possible values of the lower stress 
limit beyond & tons of compression. By the method 
adopted you can evade the mathematical difficulty that 
caused Mr. Longridge to pull up at 6 tons. In fact, no 
mathematical difficulty occurs if simply C be calculated 
from A, instead of A from OC, as Mr. Longridge did. But, 
of course, in whatever mode the equation is dealt with, it 
cannot be tortured into giving any negatively greater 
value than } U for C. If the parabolic curve which I drew 
to represent Weyrauch’s rule be produced to the left-hand 
negative side, it takes this form: The vertical ordinates to 
the line C N P are the values of A; those to the curve 
C BL Pare the values of C. The horizontal ordinates are 
the values of the ratio of Ato C; but to my mind one does 
not need to consider what the horizontal co-ordinates may 
be in order to ise at a glance how utterly absurd is 
the whole of the diagram from C nearly up to L. Total 
want of symmetry of any sort is only one of its least faults. 
The point B corresponds to that beyond which Mr. Long- 
ridge shows the square root to be positive. It gives the 
maximum value allowed to the compression by the equa- 
tion. ond this the value of C begins to decrease again 
(negatively). Symmetry may be introduced into the — 
by rejecting the portion A C B, and drawing the line B P' 
and the curve A L P' similar to A P and BLP. The 
values of C would then be the vertical ordinates to 
PLBP', and the corresponding values of A would be 


those to PNAL FP’, and the values of ¢ and of © would 
be reckoned along the horizontal axis. But although they 
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make the figure symmetrical, and at first sight take away 
the apparent absurdity of the diagram, in the first place 
these dotted lines cannot by any means be arrived at by 
the help of the equation, except, indeed, = turning it vio- 
lently upside down when one is half finished with it ; andin 
the second place the results given are still impossible, or at 
least very improbable for all ordinary materials. Because, 
firstly, A B, the range of oscillation of stress which will 
produce rupture when the oscillations range to equal limits 
of tension and compression, is of the same amount as L N, 
the corresponding range when the oscillation is between 
zero stress and a tensile stress, and it is, to say the least, 
very unlikely that for any material these two ranges are 
equal, whereas the Weyrauch formula makes them equal 
for all materials. And, secondly, there would be at ABa 
break of continuity in the rate of variation of the range. 
Proceeding from P to A B, we find the range diminishing 
at AB, the maximum lying between NLand AB. If we 
continue to proceed towards P' from A B we find the range 
suddenly beginning to increase again after leaving A B. 
It would soon reach another maximum and then decrease 
once more. We may be quite sure that nothing of the 
sort would be found by experiment in nature; especially 
that there would not be found any sudden change in the 
rate of variation of the range. 








— 
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Since the correspondence in your paper, Sir, has again 
called my-attention to the subject, I have tried to modify 
the Weyrauch equation so as to make its applicability 
complete, and so as to avoid the above irrationalities. But 
it is impossible to do so; and, therefore, I have tried to 
construct another formula which will fulfil all the necessa: 
conditions of the case, and at the same time be of suc 
simplicity as to be useful in business. For the sake of 
simplicity I have assumed that the algebraic connexion 
between the upper and lower stress-limits does not involve 
higher powers than the square of either of them. At the 
expense of considerable labour I have, I believe, fully 
examined the suitability of nearly all the possible forms 
which could be given to the equation (of the second degree) 
between them, and I now give that which I believe is the 
best, and, indeed, having regard to the necessary condi- 
tions to be fulfilled, the only possible one (of the second 
degree). Ishall use the letters U, T, and C for the follow- 
ing three experimental constants : 

U=what it means in the Launhardt-Weyrauch formula, 
namely, the upper limit in tension of a stress- 
oscillation sufficient 1o rupture the material 
eventually when the lower limit is zero. 

T=the limiting load in tension sufficient to rupture the 
material when applied continually for a long space 
of time without alteration. 

C=the limiting load in compression sufficient to rupture 
the material when applied continually for a long 
time without alteration. 

It is to be observed that Launhardt’s formula does not 
recognise any difference between T and C, or rather takes 
no cognisance of C at all. But it must be admitted that a 
rational formula must be framed so as to suit the 
peculiarities of each material at the limit C, and that C 
must appear in the formula independently of T, because it 
is quite certain that for very few materials, if indeed for 
any at all, does C equal T numerically. 

To give the relation between the varying quantities, its 
simplest possible and most symmetrical algebraic expression, 
I have found it best to take as the two variables to be co- 
ordinated the ranye of the oscillation and the algebraic 
mean of the limiting stresses, tensions being considered 
positive.* 

Let r=the range of stress oscillation, and 

t=algebraic mean of the stresses between which the 
oscillation takes place. 

Then the formula I propose is 


4 (C+t) (T—t) 
(2C+U) (2T-—U) 
This equation has not, of course, been taken at random, 
nor has it been found by guessing. It is the result of con- 
siderable algebraic investigation, and it was only after con- 
siderable trouble that it was- reduced to so very simple a 
form by the choice of the particular variables r and ¢. 

A single glance at the formula is sufficient to show that 
it makes r=0, both when t=T, and when t=—C. When 
t=} U, it makes r=U ; that is, it gives U as the value of 
the upper tensile limit when the lower limit is zero. 

_ Of course, instead of making experiments upon this last 
limit in tension U, and inserting it as one of the experi- 
mental constants in the formula, we might just as well 
make experiments upon the greatest possible compressive 
stress in an oscillation whose numerically lower limit was 
zero. If the quantity found thus by experiment be called 
V, then we might write the formula thus: 
af 4(C+t) (T—#) 

(2C-V)(2T+V) 

The maximum range r occurs when {=} (T—C). Call 
this maximum range Ei, then 


r=U 


(I.) 





* The above letter C, however, represents the positive 
numerical value of the limiting compressive stress. 








c 2 
ee en LI 
— (20+0) (2T-U) 

The equation gives perfect symmetry backwards and 
forwards from this point t=} (T -C) 

Suppose it is wished to find the range of the oscillation, 
which would, if continued, produce rupture when the limits 
of the oscillation are alternate numerically equal tensions 
and compressions. Here t=0, and therefore if this range 
be called Ro, then 
4CT 
RU. 2, 

o" @0+U) @T-U) 

If this range were determined by experiment, and used 
instead of U in constructing the formula, that formula 
would take the shape (C+8 (T—1) 

=R, CTU) II. 
r 0 CT (II.) 
ier upon account of its greater simplicity is preferable 
to (I). 

If for any particular material C were found equal to T, 
then for that material we would have U=V and R\=Ry= 
Pi tala and the equations (I.) and (II.) would become 

4T?—U? 

T?2 om ¢2 
Pe ¥ 


> #2 2 
r=R,. = Ry é! 7): (b) 


In this case the equation gives perfect symmetry back- 
wards and forwards from the point at which t=0. It is in this 
form that Weyrauch’s formula can be best compared with 
the one I am proposing. In order to make this comparison, 
and at the same time to illustrate numerically the meaning 
of my formula, I give the following figures calculated 
from it. 

Weyrauch puts T=1}U. With this value (a) becomes 


r= Q (2 - ba 2): This gives the following values for t= 


r=U.4. 


mean of the two limiting stresses; r the range between 
these two stresses, and (¢-47r)=the lower of these two 
stresses. Each of the fractions in the Table has to be 


multiplied by U : 
1.3 3 


1 
625 


c oe 
fan 0 .28 88 1 1.08 

t- 5 = 13° tt ae SR OO Va 
—- 2 a--@ ae 
r= 1.105 1.12 1.125 1.12 1.105 

t- = = —.3595 —.46 —.5625 —.66 —.7525 


The values of r to the right hand of t=0 correspond ex- 
actly to those on the left hand of that point, and therefore 
there is no need to extend the Table. To compare these 
results with those calculated by Mr. Longridge for Mr. am 
Ende’s coefficient U=12, the following will be sufficient : 


i= 18 15.6 13.2 10.8 6 

r= 0 3.36 6.24 8.64 12 
t-—} r= 18 13.92 10.08 = 6.48 0 

f= 4.8 3.6 . i 

r= 12.54 12.96 13.26 13.44 13.5 
t-$}r= -145 -168 -432 -—552 —6.75 


I conclude by giving two pairs of curves (Fig. 2) which re- 
present two particular cases of the generalequation. The pair 
with the shorter major axis is that given numerically above, 
and which approximates closely to Weyrauch’s equation, 











at least for the positive or right half of the figure. This is 
the case C=T=14 U. The pair of curves with its major 
axis extended further to the left hand represents a case in 
which the breaking crushing strength is greater than the 
breaking tensile strength, the ratios taken being C—2U 
and T=1}U. The horizontal ordinates are the values of 
t=the mean stress, and the vertical co-ordinates to the 
upper and lower curves are the corresponding values of 
the upper and lower stress limits, the vertical distance 
between these curves being thus r=the range of oscillation. 
The slanting line is drawn at 45 deg. to the rectangular 
axes. The vertical dotted line is the centre line of symmetry 
for the latter pair of curves. The scale to which the 
diagram is to be read is proportional to the absolute value 
of U. 


Lucca, Italy, April 21, 1880. 


‘To THE EDITOR OF ENGINEERING. 

Srr,—If Mr. Holste will reconsider the formula which 
he asserts is always soluble because n is always less than 
unity, he will see that Mr. Longridge was perfectly correct 
in stating that in the formula : 


a=U + Jo +ncu 
2 4 


Rosert H. Smirx. 





when n C is negative and greater than Us the quantity be- 
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a negative under the radical—for writing equation 
us: 
oe 
a=U + a es 
2 = cinachaicighneemnes 
we get: 
VG +ne 
4 ee 
U 


is positive, when C is negative, and (taking U=12) nC is 
less than 3, is=0, when nC=3, and is negative when ne 
is greater than3. So that the limit in the case of Wey- 
rauch’s formula where n=} is when C= —6, in the case of 
Launhardt’s form n=, and the limit is Oa~*, if in 
euch case the numerical value of C is greater than that 
stated above, the equation is insoluble. With other co- 
efficients than those stated, the results are similar, the 
limits varying from: 
, -—12 when n=} to 


C= — 3 when n=]. 
Yours faithfully, 


Witiram H. Garsgs. 
24, Abingdon-street, S.W. 








THE TAY BRIDGE INQUIRY, 

ConTINUING (from page 366 of our last number) our 
report of the evidence given before the Court of Inquiry 
appointed to investigate the failure of the Tay Bridge, we 
have now to deal with the p ings of Thursday, the 
6th inst. On the meeting of the Court on that day, the 
President, Mr. Rothery, called attention to certain portions 
of Dr. Pole’s evidence with reference to the marks on the 
girders, as to whether they indicated a blow of sufficient 
strength to bring down the bridge. On this point he had 
given two different answers, which, if not contradictory, 
were at any rate somewhat calculated to mislead. With 
regard also to the evidence as to the bolt-holes in the 
flanges, it was necessary that any doubt should be cleared 
up. The President then recalled Mr. Law, and asked 
eo sates he was aware that the holes in the flanges were 
cas 

Mr. Bidder here objected to any such question being 
put. He was quite taken by surprise at such a question, 
which he did not think fair to those in whom he was in- 
terested. Mr. Law had already given his evidence with 
great fulness. 

The President said the Court had not pressed hardly 
upon Sir Thomas Bouch, but throughout the whole pro- 
ceedings had Eng him the greatest indulgence and con- 
sideration. r. Law -was not a party in the suit, but a 
witness specially sent down by the Court to examine the 
strueture and ruins. There wasa doubt as to what Mr. 
Law meant, and the Court required to know from him, for 
the purpose of founding its own report, what was the con- 
dition of the bolt-holes in the 18-in. columns. 

Mr. Bidder replied that Sir Thomas Bouch was not there 
asking for indulgence, but merely wanted the matter cleared 
up and to have a proper investigation. 

Mr. Law was then examined by Mr. Rothery and stated 
that he had examined the bolt-holes in the 18-in. columns. 
He considered it was almost impossible to cast bolt-holes 
square, regular, and in the exact position desired. The 
holes should be drilled or rimed. The bolts being the 
only means of preventing the columns from shifting one 
upon another, and those bolts being in all cases larger than 
the holes, and the cast holes being irregular, there was 
nothing to prevent one column shifting upon the other at 
the base, except the bending together of the bolts. The 
strut bearing against the baseplate and the tie pulling 
upon the column, the direct action of any lateral strain was 
to cause the columns to slide one towards the other. The 
bolts not fitting the holes, and there being no spigots, there 
was nothing except the pinching of the bolts to resist that 
action, and in every case it took place. 

By Mr. Bidder.—In all his calculations he had ignored 
the friction of the columns. —~ 

Mr. Allan Stewart, Edinburgh, examined by. Mr. Bidder, 
stated that he was for many years in the office of Messrs. 
Biyth, of Edinburgh, the engineers for the Caledonian 
Railway Company ; since that time he had been in business 
independently and had been extensively employed in assist- 
ing Sir Thomas Bouch in many of bis fase: my He worked 
out the details of the Redheugh Bridge at Newcastle, and 
in 1869 had assisted him by preparing designs and making 
calculations for the girders of the Tay Bridge. He was 
consulted upon the occasion of the alteratidn of the piers, 
and quite aguees with the substitution of the six columns for 
eight. In 1875 he attended up of twenty meetings in 
regard of the Tay Bridge. On the 6th of April, 1875, Sir 
Thomas Bouch decided to make the outer columns 1} in. 
thick and the inner columns 1 in. thick, and instructed Mr. 
Grothé accordingly. He was present at the examination of 
the bridge by General Hutchinson, and the tests it was put 
to were of an exceptionally strict c' It bore the 
tests remarkably well, and witness considered that it was a 
very well-designed structure and very well put er. 
He had seen the wreck of the bridge, but found nothing to 
suggest that the bridge had not been well put poetort he 
columns could not possibly slide laterally. He had jointly 
with Dr. Pole made the investigations and calculations upon 
which his (Dr. Pole’s) evidence was . He concurred 
in the soundness of the methods adopted and the results 
of the calculations. He agreed generally with Dr. Pole’s 
evidence, and believed that it required something more than 
any statical wind pressure that could come upon the bridge 
to cause the rosa on — pe page The shock of 
carriages going at the rate of 25 miles an hour coming into 
collision with the girder, superim: bon the enormous 
strain already on the bridge, would be sufficient to cause the 
failure. Lateral sheering was a totally different thing from 
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uprooting. Lateral sheering was the tendency of one column 
to slide over the other. The mere frictional resistance to 
the columns sliding would, su ing there were no bolts at 
all, amount to 119 tons at the head, while the sheering force 
of 40 lb. of wind was 76 tons. There was also the concrete 
in the colamns to be sheered through, and in the six 
columns this would require a sheering force of 60 to 80 tons. 
It was impossible for Mr. Law to tell from what he had seen 
after the accident that it had happened in consequence of 
the sheering action on the columns. He substan- 
tially with the calculations made by Mr. Law that it would 
require about 75 lb. of wind to destroy the bridge by the 
uprooting of the windward columns In his calculation the 
resistance of the columns to flexure was taken at one-fifth of 
the overturning force which would uproot the bolts. As to 
the suggestion that the tightening of loose ties had kept the 
bridge in a distorted form, witness said that could only have 
been done during the continuance of a storm. As soon as the 
bending force was taken off the column it would go back to 
its original position and there would be a chattering. By 
putting in packing pieces and cottering up, the tie-rod was 
shortened by precisely the amount of elongation given by 
the bending of the bolt. He agreed with Dr. Pole’s 
evidence as to the safety of the structure and the wind 
pressure. He could not at all see why the L girders 
should be joined together; they could not turn over or 
slide, and there were no forces tending to bring them to- 
gether or to separate them. Without relying at all upon 
the flanges of the rollers, it would require from 70 lb. to 
80 Ib. of Y wind simply to overcome the natural friction of 
the weight of the ake resting upon the top of the column. 
He highly approved of using six columns in each pier 
Sete of eight, because no two consecutive columns were 
in the same plane. Every column was held in position by 
forces acting in four different directions. No lateral force 
could bring the struts into compression or tend to draw 
away the bolts. 

By Mr. Rothery.—In order to get eight columns in two 
planes of four columns each much more bracing and a 
wider base wou'd be required than for six colamns. A 
column could not be put at the very outside edge of 


masonry. 

By Mr. Bidder.—He considered it quite wrong to say 
that a pier having a base one quarter its height could not 
be made strong enough. He had seen Mr. Law’s design of 
two brick piers but he did not approve of it. A wind 
pressure of 40 lb. per square foot would assuredly turn it 
over. It was based on the erroneous assumption that a 
brick pier as light or lighter than an iron one could be 

f a train running on the top of a girder went off 
the rails he was not at all sure that it might not destroy 
one of the boom: if not a continuous girder. 

By Mr. Trayner.—He had never designed any railway 
bridgesexcept for Sir Thomas Bouch, but he had built several 
up to 100 ft. span. He could not tell who originally 
made the six-column design. The duties of the ties were 
to resist the lateral force of the wind, and not to resist 
vertical pressure. The heavy lateral pressure of a storm 
might produce looseness in the ties ; but if the looseness 
did not exceed }in. the — of the bridge was not en- 
dangered, and the resistance of the columns to wind pres- 
sure was increased, Noble had done right to tighten up 
by means of packing and cotters, as that prevented the 
ties giving another } in. If the top of the 18-in. column 
were taken away, the L girders would be better if con- 
tinuous than if separated. The lugs were essential to the 
stability of the bridge, and if all the lugs in one tier were 
removed, the bridge would not stand so great a lateral 
force. If two consecutive ties or struts in the girder had 
been removed, that would probably have brought the bridge 
down. He considered that the wind blowing the carriages 
off the line was the cause of the accident. 

By Mr. Bidder.—The finding of bent bolts at the bases of 
the colamns would not prove that the latter had shifted. 
He believed the ties broke at the lugs, and that there was 
no fault in the columns. A looseness of a }in. in the ties 
increased the forces resisting lateral pressure, but it would 
occasion a distortion of the verticalload. While the boom- 
ing of the ties mathematically increased the power of the 
bridge to resist lateral pressure, it should explained 
that the strains on the tie remaining the same, and the 
extension being increased, there was simultaneously a 
| ata bending of the pier, and consequently more work 

one by the flexure of the columns. 

By Mr. Rothery.—He was first consulted by Sir Thomas 
Bouch respecting the Tay Bridge some time in 1863 or 
1864. The hexagonal ent of columns gave a 
wider base than a rectan ment. He quite 

ed with Sir Thomas Bouch as to the undesirability of 

; the columns py in brickwork and partly on 

somet else. It would be undesirable to put a very 
heavy pressure of some hundreds of tons nearer than 
2 ft. 6 in. from the edge of the brickwork ; but he did not 
think there would be absolute danger if a column were 2 ft. 
or 1ft. Gin. from the edge. It might possibly be put at 
the very edge, but he would not like to do it. He could 
see no objection to the fact that a certain member of a 
structure acted with less effective power than another 
member. If the pressure of the wind had been taken at 
200 Ib., he could ectly well have made a column on the 
present base which would have resisted that pressure or 
any other. When Sir Thomas Bouch designed the Tay 
Bridge he believed the wind pressure to be less than when 
Le designed the Beelah Viaduct, and he therefore made the 
Tay Bridge weaker than that viaduct. ing weaker, it 
would be cheaper. The amount of stress upon the inclined 
ties {was considerably less than upon those to the north 
and south, therefore the former might have been made 
ighter. He did not think that it was any objection to the 
bridge that certain parts did not act with as much strength 
as others. He considered one raking column om each 
side as good as two if the — colamn had the strength 
of the two, and in the case of the Tay Bridge the single 








oan had the advantage that it could be placed farther 
out. 

By Colonel Yolland.—He would prefer the ties to be 
tight. If they were loose they were better able to resist 
side pressure, but they were better able to resist downward 
pressure if they were tight. Pier No. 33 no doubt gave 
way from sheering action. 

By Mr. Barlow.—Referring to evidence which had been 
given by Mr. Grothé as to the manner in which he sup- 
posed pier 33 had given way, witness considered that was 
the pier least likely to go, because the downward pressure 
was very light, and the lateral pressure also proportionally 
light. A ship could not strike the columns, the masonry 
care shave high-water mark. As a matter of fact he 
had been informed by Sir T. Bouch that a ship had struck 
a pier and she went to the bottom. 

By Mr. Rothery.—He believed the casualty was due to 
the sheering action caused by the great pressure of wind 
acting on and first breaking the ties, thus leaving the 
columns unsupported. 

Mr. Bidder said that that unswer should be taken in con- 
nexion with what the witness had said previously as to the 
pressure of the wind not being enough to cause sheering 
action. 

Mr. Rothery understood the witness to mean some lateral 
pressure applied on the upper part of the girder. 

Mr. Benjamin Baker, Mem. Inst. C.E., examined by Mr. 
Bidder, stated he had had very large experience in the 
construction of iron bridges, oan was responsible for some 
dozen of miles of bridges and viaducts up toa height of about 
160 ft. He visited the Tay Bridge during the operation 
of sinking the caissons, and was much struck with the 
ability of Mr. Grothé and his staff. At every stage some 
new difficulty was encountered and successfully met; for 
instance, when the pneumatic process failed, one of the 
staff devised a perfectly novel and successful method of pier 
sinking. Altogether witness was so satisfied with the way 
in which the works were constructed, that when some very 
important and difficult barrage works were being organised 
in Egypt by Mr. Fowler, he recommended Mr. Grothé as 
the man above all others to be entrusted with carrying 
them out. He had visited the bridge very recently since 
the accident, and had examined the ruins of the piers. 
Asked by Mr. Bidder if, in his judgment, as a question of 
design (apart from the question of workmanship), the 
design of that bridge was sufficient for resisting the wind 
strains that could be expected to come upon it, witness 
replied that the design of the bridge was merely a duplicate 
of previous designs by other engineers, and previous ex- 
perience had shown the sufficiency of it. 

Mr. Rothery.—That is hardly an answer to the 
question. 

Mr. Bidder.—May I take it that in your judgment the 
bridge was sufficient in design for resisting the wind strains 
that might be expected to come upon it. 

Witness.—If you ask me whether I think the bridge 
was blown down by the strains that came upon it, I say I 
think it was amply strong for the wind that it Ses 
sustained since it has been erected. 

The witness went on to state that having regard to the 
strength of the wind on the 28th of December last the 
design of the bridge gave a factor of safety of between |two 
and three, and therefore he thought that the failure was 
due to something in addition to mere statical wind pressure. 
With reference to workmanship, good and bad work were 
merely relative terms, he could point out much better work 
than this, and also very much worse work. If the girders 
had been bad work they would have been far more smashed 
up than they were by the fall of,80ft., and as the piers 
were made by the same contractors he had no doubt that 
the same attention was given to the piers as to the super- 
structure. He could examine the fallen girders but not the 
fragments of the piers as they still laid at the bottom of 
the river. As to the conical holes in lugs, he thought it 
would have been bad for the lug if the bolt had been stiffer, 
but as the bolts bent it showed that the ewe the stronger, 
and with the bolts once bent ae too wp their strain 
fairly. He did not think the bending of the pins ‘or the 
small bearing area of the cotter had any operation in the 
failure of the bridge. Suppose that in place of one of 
the flat bars with cotter of small bearing area and bent pin 
there was substituted a piece of ship’s cable, in which the 
bearing area of the links up on each other was practically 
a line, and put a high strain upon the cable, then, as Mr. 
Barlow would know, every link would bend and grip its 
neighbour, and the cable would be so rigid that you might 
support it at each end and sit on the middle of it. As 
cables are amongst the strongest of iron structures this 
showed distinctly that neither bending of bolts nor small 
bearing area of cotter would cause failure under high 
strains. If a bolt bent when the pier was under the stress 
of considerable lateral wind pressure the pier would spri 
back to its original vertical position when the storm ‘had 
passed away. The elastic reaction of the 18-in. columns 
would insure this. He had not repeated the calculations 
of Dr. Pole and Mr. Stewart, but followed them and 
approved the principles upon which the calculations are 
founded. The fact that the cast-iron lugs are mostly 
broken indicated in his opinion that the lugs failed first 
and they would be iarly liable to fail by a very slight 


shock. He had great trouble once with a number of 
turntables, the notch into which the catch dro was of 
cast iron, and the catch itself of wrought iron. turning 


those turntables round with only one carriage or truck on 
them the shock of the catch going into the notch in every 
case knocked a great piece out of the cast iron. In two 
days about sixteen turntables were disabled, though if the 
relative sectional areas had been calculated it would have 
appeared that about twenty times as much force would have 
been required to have broken the cast iron as to have bent 
and destroyed the wrought-iron catch. The fracture was 
due merely to the shock of the table being brought —— 
up. Though cast-iron lugs are peculiarly liable to 








from shock they had been used successfully in tens of 
thousands of yards of viaducts in precisely the same way 
as in the Tay Bridge, therefore Sir Thomas Bouch was 
a follo precedent in using them. On the Bombay 
and wm bre the struts were similarly dependent 
upon a pin and did not butt, as it had been stated they 
should, solidly against the columns. In reply to Mr. 
Barlow he stated that that was not the way he (witness) 
made his viaducts, but he would remark that there was a 
model of these viaducts at South Kensington Museum, 
presumably for the instruction of young engineers, which 
ought to be promptly removed from the Scienceand Art 
Department if the system was not approved of. 

Mr. Trayner.—Is it not there as a beacon to young en- 
gineers to warn them off a bad practice ? 

Ls eae can assure you it is a very nicely made 
model. 

To Mr. Bidder.—Supposing the bolts loosely fitted the 
holes and moved over in the struts the stability would not 
be endangered, but you had no right to assume that the 
struts would slide, as the frictional grip of the bolts would 
be ample to hold them. Experiments had been frequently 
made and quite recently repeated in Germany, showing 
that the frictional grip was equivalent to a sheering strain 
of about 7 tons a square inch of bolt. The hexagonal 
arrangement of the columns of the piers was quite satis- 
factory, he had built clustered column piers with only four 
cast-iron raking columns instead of six. One advantage of 

iving the columns a rake was that a very large re- 
uction of the stress upon the bracing was effected. 

To Mr. Rothery.—He had frequently used two raking 
columns only, one uniler each girder, and in recent Nor- 
wegian viaducts these have been made rocking, the girder 
being fast to the top instead of being placed on expansion 
rollers. He did not use cast iron in such instances, but he 
had put as much as 400 tons upon a single cast-iron column. 
There was not the slightest difficulty in building a pier of 
any required strength upon the same base as the fallen 
piers. He had visited the spot and heard all the evidence, 
and in his judgment the wind pressure on the bridge as a 
whole (not upon an isolated part of it) did not on the night 
of December 28th inst. exceed 15 lb. per square foot. In 
making this statement he was judging from the strength 
of the structures which now existed, but which would have 
been destroyed had the wind pressure exceeded that 
amount. There were two sig boxes, one at the end of 
the bridge and another a few yards away, and those signal 
boxes had windows on the windward side. Amongst other 
experiments which he had made from time to time he had 
tested a great deal of glass up to ljin. in thickness. He 
had also tested the st: th of a complete glazed sash frame 
by placing a ledge round it and pumping water on to it till 
the glass broke. Taking those two things together he had 
deduced a very simple rule for the probable strength of a 

e of glass, and applying that information to the windows 

ere he found that in one case the effective pressure on a 
pane of glass in the door of the signal box could not have 
exceeded about 9lb. per square foot, and in the other box 
about double that. The pane of glass in the door was about 
2ft. 3in. high by 2ft. wide and j;in. thick. The sash 
frame was about 2ft. 8in. high by 2ft. 10}in. wide, and 
included four panes of glass. ‘That sash frame was lightly 
held in position by seven brads only—in fact it was held 
exactly like the back of a picture frame—and the fillet was 
so loose that he could certainly have pulled it away with 
his teeth. It was perfectly idle to talk of a wind pressure 
of 40 lb. or anything like it ever having taken effect upon 
that large area of glass so lightly sec 

Mr. Barlow.—Did you try the effect of opening one of 
the windows on the opposite side of the cabin? The reason 
why I ask the question is that you would not get the full 
pressure upon the glass if it were acting upon a room closed 
on the other side of the glass. You would not get the 
pressure of air in the room itself unless you open the window 
on the other side. 

Mr. Bidder.—Is that so? 

Mr. Barlow.—I am afraid a great many of our windows 
would go away if it were not for that. 

ibsens. Ties time ago he had tested a sash frame 
3ft. by 2ft., having four panes jin. thick, which failed 
under a pressure of 541b. per square foot. The strength 
varied approximately as the square of the thickness and 
inversely as the square of the least width of the pane. 
These data would enable an approximate estimate to be 
made of the strength of the panes of glass in the signal 
boxes. The signal boxes were possibly not exposed to the 
same extent as the — at the centre of the river, but 
he noticed quite as much disturbance of the ballast near 
the signal boxes as near the centre of the river ; it had been 
blown or scudded away in places in both cases. He had 
observed other structures from which deductions could be 
drawn relative to the wind force. The gable end of the 
Caledonian Station was near the sidings, where it was 
alleged some wagons were blown about, and faced as near 
as he could ascertain the direction of the wind. It was a 
light match-boarded elliptical structure about 62 ft. span 
by 20 ft. high. The only thing to prevent the whole gable 
being blown in was one strut at the centre, and what may 
be termed a wooden tie-bar about 6 ft. by 5ft ranning from 
wall to wall. That was to say, a beam 62 ft. long suppo: 
imperfectly at the centre had to sustain the pressure, and 
the resultant strength of the gable would not be more than 
that of the glass. Lower down the river was a building 
slip with two very lightly constructed roofs 120 ft. wide in 
all, and standing on posts 50 ft. high fully yr on all 
sides, so that the wind could get under and lift the roof 
or skylights. Then there was a ph her’s shop like a 
very bathing machine stuck on the top of the roof of a 
house, supported by the ridge of the latter on one side, 
and by a couple of props on the other, the whole affair 
could, he was sure, have been pulled down by a couple of 
cart-horses. Instances —_— be multiplied of existing 
structures at Dundee which could not have stood more 
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than 15 Ib. per square foot. During the past 15 years he had 
looked very carefully for evidence of any structure capable of 
standing a uniform pressure of 20 Ib. per square foot which 


had been blown down, and when the question of the stability | di 


of Cleopatra’s Needle was raised, and these heavy pres- 
sures of 80 lb. per square foot were talked about, he wrote 
aletter to the Times challenging any one to give him an 
instance of a chimney, wall, or any other structure capable 
of standing 20 lb. which had come to grief. The heaviest 
storm he was ever in was some years ago at Brighton. He 
saw a man blown down, and subsequently he looked out for 
fence walls, some on the edge of the cliff, and some on the 
top of the downs, measured them and calculated their 
stability. He found miles of wall 30 or 40 years old, which 
would inevitably have tumbled over with an effective pres- 
sure of 13 1b. per square foot, standing quite unaffected by 
the sturm. Anemometers may truthfully record higher 
pressures upen a limited area—a sort of jet of air impinging 
upon them perhaps—but for practical purposes for areas of 
reasonable size he looked upon 20 lb. as about the maximum 
in this country, He knew three instances of railway car- 
riages having been blown over in France. They were cited 
frequently and were the basis upon which French engineers 
proceed in calculating the wind pressures on their viaducts. 
Two cases occurred on the 27th of February, 1860, one 
near Salcesand, the other at Rivesaltes, and a third on 
January 19, 1863, in the Lencate Station, all being in the 
same district near the Pyrenees. The carriages were 
empty at the time they were blown over, the loaded ones 
remaining on the line. In the first two instances the trains 
were running, and it was thought that derailment might 
have preceded overturning. In the last case the train was 
standing on a siding, and the whole 17 carriages were upset. 
The French engineers had calculated the effective wind 
pressure required to overturn their carriages in the same 
manner as Dr. Pole has calculated it for the North British 
carriage, and deduced pressures ranging from 24.2 Ib. to 
32.5 lb. per square foot. On the bases of these results it 
has since been the practice in France to assume the maxi- 
mum wind pressure on a train on a viaduct at 34.6 lb. per 
square foot, because a greater pressure would upset any 
rolling stock in use. 

Mr. Barlow.—That is the calculation which is made with 
regard to a train upon a viaduct, but from a letter which I 
have received they have a different mode of estimating for 
the structure without the train. 

Witness.—Yes, they have. That is based upon experi- 
ments made fifty = ago by an engineer who was building 
a lighthouse, and had instructions to make it as strong as some 
other lighthouse. He took the opportunity of going gene- 
rally into the strength of chimneys and lighthouses, &c., and 
as a result adopted the arbitrary figure of 55 lb. per square 
foot, which French engineers have always accepted since. 
It was not based on direct observation—indeed, one of his 
own examples, a chimney in Paris which had stood for 
years, would on his own showing have been blown down 
with a pressure of 391b. A van was blown over on the 
Chester and Holyhead line in January, 1867, and carriages 
and horse boxes had been blown over in India. Assuming 
the two last carriages of the train going at 25 miles an 
hour did overturn and run into the leeward girder, he did 
not think the shock would have hurt the pre camy but could 
imagine that in the high state of tension the lugs would be 
under at the time, and their peculiar liability to fail by a 
comparatively slight jar (asin the instance of the turn- 
tables cited) they would fail from the transmitted shock— 
the blow might exhibit its effect at the base of the pier in 
the same way that a blow on a man’s forehead frequently 
fractures the base of his skull. The shock might mark the 
girders, but would not bring them down. It was surpris- 
ing how tough metal would absorb a blow; one of the 
Thornycroft torpedo boats ran at 14 knots an hour into a 
stone wall with very little resultant damage to herself. 

_ Cross-examined by Mr. Trayner.—He did not attach any 
importance to the marks upon the girders, because if one 
of the struts or one of the ties were destroyed, or even two 
at the centre of the span, it would not bring down the girder. 
Professor Rankine stated that the wind pressure to be pro- 
vided against in Great Britain was 551b., but the statement 
is of no value because it was not based upon experiments. 
The appliances for measuring|wind pressure were very crude 
and unsatisfactory, and he would rather take his walls and 
other structures which have not been upset as data. Pro- 
fessor Rankine as regards wind pressure was not an 
original observer, but merely passed on what others had re- 
ported. Ifthe Astronomer Royal said that a pressure of 
100 lb. might occur at the site of the Tay Bridge, he 
thought it was a pure assumption, as hundreds of structures 
in the neighbourhood would be blown down with one-fifth 
of that pressure. He did not calculate the stability of the 
tall chimneys at Dundee, because he knew from previous 
investigations that such chimneys generally had an exeess 
stability. If an ordinary fence wall in any part of the 
country, on the top of a hill or elsewhere, were taken, it 
would be found that the stability rarely exceeded 20 lb., 
and was commonly nearer to 13 1b. per square foot. When 
he first visited the Tay Bridge he discussed with Mr. Grothé 
nothing but the foundations, se all the difficulty and 
novelty was in the foundations, the clustered column pier 
and superstructure was ordinary every-day work. Taking 
the bridge as a whole he believed the pressure did not ex- 
ceed 151b., the ballast on the deck of the bridge would have 
been blown away like dust if there had been any such tear- 
ing hurricane as was represented. He could not say what 
was the greatest wind pressure on any small portion of the 
work. The lugs as tested b: Kirkald would not be sub- 
ject to shock, and the result would the most advan- 


tageous as regards the strength of the iron. The lug was 
much weaker than the sectional area of metal would in- 
dicate. He looked upon the lugas a slice cut out of a thick 
gun-barrel or the cylinder of an hydraulic press, subject to 
& species of bursting action from the pull on the pin, and 
in all such cases the greatest strain came on the metal next 





the hole, and the outside metal did comparatively little 
work, hence he was not surprised to find the lugs far weaker 
than the direct tensile strength of the metal would in- 


cate. 
To Mr. Rothery.—The force of wind on a fence wall was 
broken to some extent by the surface of the earth, but he 
thought a fence wall situated on the edge of a cliff was 
placed under very disadvantageous circumstances as re- 
gards resisting a wind tending to blow it over the cliff, be- 
cause the air could escape so readily from the back of the 
wall that the eddy would cause a a vacuum, and so 
intensify the overturning force. He instanced the gable 
end of the station, because being high up in the air it was 
not liable to the objection raised. There was no under- 
standing among English engineers as to the wind pressure 
to be provided against. In his practice for works in this 
country he assumed the effective wind pressure to be 28 lb. 
per square foot, and varied the factor of safety eps 
to the circumstances of the case as regards material an 
otherwise. 

To Mr. Barlow.—In the United States the allowance 
varied say from eee lineal foot of bridge to 50 lb. per 
square foot of exposed surface. A higher strain, eunaiiy 
15,0001b. per square inch, was allowed on the wind ties 
than on other parts of the bridge. 

To Colonel Yolland.—The fall of the structure was due 
to the giving way of some of the lugs, not necessarily at 
the base of the pier, but anywhere. If the two central 
lattice bars were cut the bridge would certainly not come 
down. Within the past year he had to tighten up the 
centre diagonals of a bridge of about this span which 
become perfectly slack under the traffic, though the pins 
were 5in. in diameter, and therefore had a large bearing 
area. The question of tightening up bracing, such as that 
in the piers, was merely a question of time; if the cotters 
had been three times as big they would have requi 
tightening, but not so often. He had run over a girder 
bridge on an engine when all the vertical web joints were 
unrivetted. 

Mr. Barlow.— You have told us that you attribute the 
coming down of the viaduct to the giving way of a lug ; but 
what made the lug give way—was it undue pressure of the 
wind, or do you attribute it to a shock or jar? 

Witness.—I think not undue pressure of the wind alone, 
because my opinion is, that taking the strength of the 
bridge upon the basis of Mr. Kirkaldy’s experiments, there 
was a factor of safety of between 2 and 3 on the 28th of 
December ; and, therefore, I think that whilst there was a 
ee severe strain upon the lugs, there must also have 

m some jar. 

Mr. Barlow.—Such as would be occasioned by what? 

Witness.—-It might be occasioned as has been suggested, 
by the train striking,the girder. 

a Rothery.—Or it might have been from defective 
wor 

Witness.—It might have been from a thousand things. 

Mr. Barlow.—If the wind pressure were only 15 lb. per 
square foot it would not upset a carriage 

Witness.—No ; I do not think it would. The rails here 
were rather special; there was a rail, and the 
rail was very rough, and there might have been a tendency 
for the flange to mount that g rail from the pressure of 
the wind driving it against it. It would be mere assump- 
tion on my part if I said what amount would be necessary. 
I know that railway carriages get off the rails on curves, 
and in a variety of ways, without any wind at all. 

Colonel Yolland.—You are aware that the remaining 

tof the structure of the Tay Bridge that is standing 
as the girders immediately under the permanent way. 
Does not that naturally present a great elementjof danger, 
in the fact that carriages will off the rails, and axles 
will break, and tyres will fly off, and so vehicles be thrown 
over? In most of those cases would not those vehicles be 
thrown into the Tay? 

Witness.— Yes, unless you adopted the American plan of 
having a couple of balks as rail guards outside. 

At the conclusion of Mr. er’s examination, Mr. 
Bidder stated that he did not propose to call further 
evidence on behalf of Sir Thomas Bouch. 

The Court then adjourned until. Friday morning, 
when, on the assembling of the Court, Mr. Rot said 
the Court had received the result of some experimental tests 
made by Mr. Kirkaldy. The conclusion to which that 

entleman came was that the iron of which tbe columns had 
Co formed was exceptionally good. 

Mr. Edgar Gilkes, called by Mr. Webster, was then ex- 
amined. He said he had been for many years one of the 
managing directors of Hopkins, Gilkes, and Co., and 
been en in erecting bridges since 1842. He was a 
member of the firm when the contract for the erection of 
the Tay Bridge was taken. He had constructed man, 
bridges and viaducts, among which were the Beelah an 
Deepdale Viaducts, the Cookfield Viaduct, and others from 
the designs of Sir Thomas Bouch. Healso constructed the 
Kingston and Kew Bridges and the bridge of 300 A coe 
over the Wear, the Albert and Victoria Bridge in Wi r 
was first introduced to him it was a structure with metal 
and brick piers. By his contract the work on the bridge 
was done at scheduled prices. . Patterson was the resi- 
dent engineer, acting on behalf of Sir Thdmas Bouch. He 
resided at Perth and was almost daily at Dundee. His 
assistant was Mr. Raff; Mr. Noble was also on the bridge, 
inspecting the brick and cement work. Mr. Wemyss 
represented the engineer, while Mr. Stuart and Mr. (now 
Sir Thomas) Bouch came over frequently. When his firm 
took over the contract they made arrangements with the 
staff then employed on 
Bouch, and his ony mye. experience of the abilities of this 
staff fully justified the recommendations he had received. 
Mr. Grothé was at the head of the work on the part of the 
contractors. Under him, at the head of the foundry and 





in charge ef any fitting work done on shore, was Mr. 


Park, and many bridges abroad. When the Tay Bridge | tapered to facili 


the recommendation of Sir Thomas | had been 


Frank Beattie. Mr. Reeves had charge of the general 
construction on the water, Mr. Camphuis had charge of 
the foundations, and Mr. Jones the construction of 
the small B aon at the north end. Two brothers Tagen. 
sons of General Delpratt, had the putting on the 
superstructure, and Mr. Lawrence had charge of the fleet. 
Mr. McBeath succeeded Mr. Wemyss, as inspector of the 
work for Sir Thomas Bouch, in 1877 or 1878. Witness 
took great interest in the work, and gave it personal atten- 
tion. He was at Dundee frequently at intervals of from a 
en ton six = = on i a of such — 
stop’ wo or ys or longer if n . He 
himself selected the materials for the bridge at Middies- 
brough, and gave instructions that nothing which was not 
perfect should be passed. He tested various columns, and 
should think he had twenty broken up for one fault or 
another. He gave strict injunction that any doubtful cast- 
ing should be broken up. Mr. Beattie stated that about 
_re cent. was destroyed for various reasons. The firm 

a foundry on the spot as well as at pera Kea this 
being convenient for casting columns to special lengt when 
required. All the girders were made at Middlesbrough, 
sent to Wormit, and put up there. The castings for the 
foundations, all the 12 in. raking columns, and many of the 
others were cast at Middlesbrough, where the ties and 
channel irons were also made; but the 15 in. and 18 in. 
columns were cast at Wormit. The bolts were made at 
Middlesbrough, some by his own firm and others by the 
Cleveland Nut and Bolt Company, whose works adjoined 
those of his firm. The bolts made by the Cleveland Nut 
and Bolt Company were ins in his firm’s warehouse. 
The inspectors were Mr. Newcome and Mr. Mayer, the 
former being a foreman and the latter a workman. Every 
bolt was inspected, and a certain Lge pe out of every 
hundred were nicked and bent and tested at an anvil to 


uired | find the quality of the iron. About 11,000 of the 1} in. 


bolts were e at the works of his firm. He had never 
heard any suggestion until this many that the bolts were 
made of iron. The longitudinal holes in the tie-bars 
were cut out by a slotting machine. The bolt holes at the 
~ of the i ve ao The —_ Hy “ > 
rawings suppli y the engineer. e the work o! 

making the tie-bars, cotters, and lugs was going on, Mr. 
Wemyss frequently came over to inspect it. 1 the iron 
was constantly tested. He saw columns castat Wormit; a 
top and bottom flask was used and he did not believe that a 
single column was cast any other mg. ip hae that mo 
received a letter from Mr. Frank ttie confirming this 
opinion. He had heard the evidence which had been given 
two witnesses to the effect that a top flask only was . 
the bottom part of the mould being made in the sand of the 
foundry floor. That evidence he believed to have been given 
from an insufficient knowledge of facts. On some of the 
smaller piers baseplates taking the whole group of columns 
were wned, and thease basepraees ess cast with a top flask 
only in the manner which had been described by former 
witnesses, but this mode of casting was not used for the 
columns. The top and bottom flasks used for the columns 
were made in the ordinary way, and were kept firm by pins 
on one flask fitting lugs in the other. To connect the 

in addition to the usual cotters through the pins, cross- 
bars were passed under the lower and over the soper Sans 
and were connected by bolts witha top and bottom box, and 
he believed there was a and bottom flask. — ese flasks 
were fastened in the usual way. No complaint was ever 
made to him about the way of ne or the a a the 
iron—that it would not work, was full of scum, &. He 
was sure that such a thing only existed in the evidence of 
the men who gave evidence to that effect. They did not 
know how to manage it and they had not tle management 
of it. Columns were sometimes cast vertical and sometimes 
horizontal; where the columns were plain he preferred 
vertical casting, but for such columns as those at the Tay 
Bridge, with lugs and projections which needed side cores, 
he considered it more prudent to adoptjhorizontal casting, 
and they were therefore cast that way. He had seen the 
specimens of defective casting which been taken from 
the bridge since the accident. He should not have allowed 
them to be used had he known of them, nor would, he 
thought, any member of his staff. He saw the ruins, and 
only saw two or three columns that were in any fet 
measure eccentric. The holes in the Savas 40 the 15-in. 
column were drilled by a machine which been made 
specially for use on the Deepdale Viaduct, and which drilled 
the eight holes on a flange simultaneously, The holes were 
thus equally pitched in all the flanges. In the 18 in. columns 
the holes were cast, and they were also cast in all the lugs. 


had | The holes in flanges of the 18-in. columns were formed by 


sand cores laid in the moulds, and it was easy to make 
these cores cylindrical and to secure correctness in their 
position. ee he had seen had led him to the 
conclusion that columns had shifted on their bases. 
The holes in the lugs were also formed by sand cores 
and these cores could have also been made cylindrical 


was a thing which was apt to be done unless special attention 
was paid to the point and it had evidently been overlooked. 
Had he known, as he did now, thatany of those holes were 


conical, he should not have allowed them to be used; but 
he did not think that had anything to do with the falling of 
the bridge. Sorae of the slings cotter holes with 


sides, but in his opinion that would not affect the ho 
power of the gibs and cotters. The slings with the roug 
cotter holes were not made at Middlesbrough ; they were a 
few which were made at Wormit to replace others which 
lost, and the cotter holes were punched ont, 
ing a bolt had bent it would render a cotter loose 
cotter needful to bring the tie into tension 
as before. was with General inson when he in- 


Ass 
or an 





pected the bridge and never saw other bridge so 
<peerely tested. fe took the time oooupied in traversing 
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the high girders by the four heavy engines, and the speed 
was a little over 40 miles per hour. The bridge was ex- 
ceptionally stiff, there being no perceptible vibration in the 
high girders and but little tremor in the columns. He 
considered the test sufficient to discover any slackness. 
From that time until the fall of the bridge he never heard 
any complaint of 1t, or anything about a cracked column or 
packing pieces. His firm had nothing to do with the paint- 
mg after the Government inspection. After the fall of the 
bridge he had several pieces cut out of the columns and 
tested at his works. he tensile strength of one lot was 
8.5 tons per square inch, and of another lot 8.3tons. The 
average crushing strength of 12 samples was 31 tons per 
square inch. He did not think it would have been better to 
have had the flanges faced all over. There was very little 
in the ruins to give evidence as to what wus the cause of the 
bridge falling, but he thought the hypothesis of Sir Thomas 
Bouch that the guard’s van and carriage in front of it were 
first tilted and then thrown off the way against the leeward 
girder was correct. He thought that would be sufficient 
to account for all that followed. He did not think the 
bridge was broken by a steady pressure. He thought it 
must have been a shock supervening upon a steady pressure. 
He was partly helped to that conclusion by having seen 
the fall of the two girders during the time of. the erection. 
These girders were packed up 18 in. above their bed. 
What little evidence there was in the ruins confirmed his 
view. 

Cross-examined by Mr. Trayner.—The two girders were 
blown over by wind pressure alone in 1877. The columns were 
all cast in top and bottom flasks ; the statements which had 
been made as to a top flask only being used were incorrect. 

Mr. Rothery.—If there had been no lugs and no projec- 
tions he should have prefered to cast the columns vertically. 
Knowing what a treacherous thing cast iron was, he should 
prefer some other method of fastening ties than with lugs 
ia high columns; but if an engineer gave him a job in 
which such lugs were used he shoulc not hesitate in doing 
it. The tapering of the holes in the lugs was no doubt 
done to enable the cores to be withdrawn more easily. 
He thought it would have been better had they been rimed, 
but breaking the skin of iron always weakened it. If the 
cores had been kept cylindrical the cast holes would have 
been best; the belts were hammer fitted, not turned. At 
the bottom of the 18 in. columns the spigot and faucet 04 
between the column and base was not used because of the 
difficulty there would have been in filling it. The bases of 
these columns were carefully levelled and the flanged face 


to receive the column was then dressed off fair by hand to 
the proper angle. Cast lugs on the columns were not used 
in the case of the Deepdale Viaduct, another mode of at- 





employed. Lugs like those on 


taching the bracing bei 
colt ridge had been extensively em- 


the columns at the Tay 





ployed in the construction of piers, particularly in those of 
moderate height. He would not himself use them in high 
piers, and he would not have used them in the case of the 
Tay Bridge if he had designed it. He, however, carried 
out instructions, and he did not anticipate any such danger 
from the use of the lugs as to lead him to object to them. 
The Beelah Viaduct was much higher than the Tay, but the 
spans were much smaller. 

Mr. Gilkes was the last witness examined, and at the 
conclusion of his evidence Mr. Bidder, Q.C., addressed the 
Court on behalf of Sir Thomas Bouch, his speech not being 
concluded when the Court adjourned. On the meeting of 
the Court on Saturday, Mr. Bidder completed his address, 
and Mr. Trayner and Mr. Webster also addressed the 
Court, the inquiry being thus brought to a conclusion. 
The decision of the Court will be awaited with great 
interest. 








Tue INsTITUTION OF Civ1L ENGINEERS.—At the meet- 
ing on Tuesday, the 4th of May, Mr. W. H. Barlow, F.8.S., 
President, in the chair, it was announced that the Council 
had recently transferred Messrs. James Cleminson, 
Lavington Evans Fletcher, George Henry List, Jun., 
Patrick Walter Meik, Oscar Reichenbach, and John 
William Mitton Watson, to the class of Members ; and had 
admitted Messrs. John Gorell Stanyan Bigg, George 
Fredrick Blackmore, Evelyn George Carey, Walter Cleeve 
Edwards, John Hall, William Kidd, Ranald Macintosh 
Macdonald, Richard Robert Menneer, Robert Anthon 
Synge, B.A., Louis Edward Tylor, Theodore Isaac Vachell, 
and Harry Ernest Walters, as Students. At the monthly 
ballot, Count Ferdinand de Lesseps, G.C.S.I., was elected 
an Honorary Member, in succession to General Morin, de- 
ceased, on account of the services rendered to engineering 
science and practice by the successful prosecution of the 
Suez Canal. Messrs. Patrick Temnéts Hyndman, Ex- 
Eng. P.W.D., India; ‘Hen John Pauling, Resident 
Engineer, Cape Government Relieegs ; Carl Pihl, Engi- 
neer-in-Chief to the Norwegian Government; and George 
Seaton, Engineer-in-Chief to the East London Water 
Works Company, were elected Members; and Messrs. Joe 
Burman Abbey, Huddersfield Water Works ; Edwin Sydney 
Barlow, Bradford Corporation Water Works; James 
Gillespie Henry Clow, Stud. Inst. C.E., Peterborough ; 
William Palliser Costobadie, Stud. Inst. C.E.; Viziana- 
gram, India; John Craig, B.A., District Engineer, Cape 
Government Railways ; John George Griffin, District En- 
gineer, Great Northern Railway of N.S. W. ; ‘Matthew 
Wilson Hervey, Stud. Inst. C.E., West Middlesex Water 
Works ; Everard Hesketh, Stud. Inst. C:E., Dartford ; 
Philip Harrison Holmes, Stud. Inst. C.E., Assistant En- 
gineer, Thames Conse: ; Frank Hudson, Locomotive 





Superintendent, Central Uruguay Railway, Montevideo ; 








Herbert Dent Johnston, Stud. Inst. C.E., Resident En- 
gineer, Madras Railway; John Lyons, Bombay; John 
Charles Mackay, Stud. Inst. C.E., Port Elizabeth Water 
Works ; Theophilus Michell, Stud. Inst. C.E., Assistant 
Engineer, P.W.D.; India; Marmaduke John Monckton, 
Stud. Inst. C.E., Assistant Engineer, P-W.D., India; 
Robert Ormiston Paterson, Engineer to the Cheltenham 
Gas Company ; James Courthope Peache, L. and N. W. 
Railway Works, Crewe; Gervaise Purcell, B.A., late 
Government Railways, Japan; Frederick Sharp, Stud. 
Inst., C.E., Assistant Engineer, P.W.D., India; James 
Donnithorne Thomas, Coleman Street Buildings; Lewis 
Gordon Tyrrell, Stud. Inst. C.E., Resident Engineer of 
the Swindon and Highworth Light Railway; Ernest 
Frederick Welch, Stud. Inst. C.E., Denmark Hill; and 
Robert Stodart Wyld, Jun., Stud. Inst. C.E., Resident 
Engineer, Scarborough Harbour Improvement Works, 
Associate Members. 





Steam COMMUNICATION WITH F1J1.—There is an early 
prospect of direct steam communication between Auckland 
and Fiji. A steamer (the Suva) now trades between 
Melbourne and Fiji; and so rapidly has trade developed 
itself that the owners are now looking out for a vessel of 
large tonnage ; and recognising the importance of coaling 
at the Bay of Islands instead of Melbourne, they have de- 
termined that their new steamer shall coal there, and sub- 
sequently call at Auckland for passengers and cargo. 





New Dock at WHITEHAVEN.—The necessity has 


| presented itself to accommodate a larger class of vessels 
|} at Whitehaven than at present can find accommodation 


at the port, and a scheme has been submitted to the 
trustees by their engineer, Mr. Brunlees, for the construc- 
tion of a new dock at a cost of 180,0001. It is proposed 
that the dock should be ten acres in extent with 23 ft. of 
water on the sill at spring tides. He suggests it should be 
made on the foreshore immediately to the north of the 
existing Queen’s Dock. At Workington a proposal is 
made for the construction of a new dock. 





Tue Great “ CENTENNIAL ENatnz.”’ — The Boston 
Daily Advertiser says: “‘Mr. George H. Corliss’s Cen- 
tennial engine, in every sense the centre of attraction in 
the machinery department of the Philadelphia Exhibition, 
after mney | en idle for three years and a half, has been _ 
purchased by the Pullman Palace Car Company to furnish 
power for its new shops now going up in Chicago. It is 
supposed that Mr. Corliss has lost heavily on this magnifi- 
cent work of honour and love, and it is stated that so far 
the great engine has not brought him a single order, except 
that for the great engine itself.” 
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THE VIENNA TELESCOPE.—No. IV. 


Tue clockwork arrangements for driving the in- 
strument in right ascension, and thus keeping 
celestial objects steady in the field of view, are con- 
tained in the lower story of the general frame, and 
can be seen through the lower window in the general 
view (see page 10 ane). 

The clockwork may be described as consisting of 
two parts. 

1. A uniform motion clock controlled by a 
frictional governor, and which used by itself has 
been found to give results equal to any 
other form of uniform motion clock, 
but which when very great accuracy 
for long periods is required, is supple- 
mented by 

2. A system of electric control by 
which that desired increase of accuracy 
is obtained. 

It need hardly perhaps be remarked 
that any ordinary arrangements of 
time-keeping clockwork would be quite 
inapplicable to astronomical instru- 
ments whose motion must be not inter- 
mittent every second or so, but perfectly 

iform, and it will readily also be un- 
derstood that in the case of these heavy 
instruments where many tons weight 
have to be moved, not only must there 
be a considerable power available for 
actual driving purposes, but there must 
be a large overplus of power to allow 
for any little irregularity of friction, 
balance, &c., and a large amount of 
controlling action to prevent variations 
in speed due to those irregularities of 
driving force required. Various de- 
vices have been from time to time™ 
— to regulate the speed of these 
uniform motion clocks; flies, fans, 
breaks of various kinds, conical pen- 
dulums, &c., have all been brought into 
requisition, but the general result has 
been to show that while it is easy to 
make a uniform motion clock which will 
go well and steadily so long as it has 
little to do, and that that little is con- 
stant, it is by no means so easy to 
construct one which shall behave well 
under these varying conditions which 
are inevitably encountered in their ap- 
plication to equatorial telescopes. 

Mr. Grubb has found the t form 
of regulator for ordinary purpose to be 
a frictional governor, i.e., one in which 
there is always an overplus of ener 
beyond what is required for driving the 
instrument under the most unfavour- 
able circumstances, which overplus, be 
it great or small, is used up in produc- 
ing. friction in some way or other. 

‘ig. 20 is a side elevation of the main 
clockwork, Fig. 21 is a plan of same. 

The framing A A is of cast iron, and all the 
spindles are mounted on bearings on the top face, 
so that any can be removed without interfering with 
the others, 

The barrel 4 2 is of cast iron, not fastened on the 
shaft, but strung loosely on it. 

The barrel shaft has keyed upon it a ratchet c, 
and asmall toothed wheel d (inside the great wheel) ; 
into this wheel d gears a smaller toothed wheel e, 
which is strung on a stud fixed into the barrel, and 
this wheel ¢ again gears into a set of internal teeth 
formed by a circle of steel pins inserted on the 
inside of the rim of the great wheel; this whole ar- 
rangement forms a most efficient maintaining power, 
8o that no cessation occurs in the action of the clock 
during the process of winding, and this winding 
process can be performed even during an observa- 
tion without disturbing the position of the object in 
the field of view. 

The train of wheelwork terminates in a contrate- 
wheel i driving a vertical shaft carrying the 
frictional governor, which consists of a pair of 
hollow brass balls filled with lead and carried on a 
pair of arms hinged to the strong gun-metal castin 





& kat the points 44, To insure the least friction 
the arms are hung on centre screws. Attached to 
the arms carrying the balls are a pair of little steel 
arms yee here pointed screws s; these screws, 
when the balls attain their speed, rub against the 


lower face of the gun-metal | plate p, which plate p 
or cap ¢¢ of the fram- 


is hung from the top “ hood 












4 bes’ 4 


inside the other, the outer one weve into the top 
plate ¢and the inner passing through the outer screw 
and tapped into the plate ». Thus the inner one 
becomes a pulling and the outer a pushing screw for 
levelling the plate p, which levelling must be done 
with considerable nicety if it is desired to obtain the 
best results. 

In the normal condition of affairs, and the clock 
at its correct speed, the leather-capped screws should 
just rub lightly and steadily, but never lose contact, 
while if some slight acceleration occur instantly the 





Fig. 20. 
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ressure and consequent friction between screws and 
riction plate increases. 

The large amount of perfection obtained in these 
frictional governors is probably due to the prompt- 
ness of the governing action. If an acceleration 
occurs, the whole movement n for correctin 
that acceleration is merely the amount the leather 
top can be compressed by the additional centrifugal 
force, an infinitesimal quantity. 

Many of the original governors of this class were 
made of such proportions that when the clock 
{rotated at its normal rate, the balls still lay on their 
supports, and the friction screws did not bear on 
the friction plate at all, and it was only when the 
clock went too fast that the balls arose, and by the 
friction of the screw against plate checked the speed. 
This is evidently bad, and causes a jerking undula- 
tory motion. e friction screws should always be 
well in contact, and the effects of a deviation from 
the normal rate of the clock should be merely that of 
a difference of pressure, and consequent friction, be- 
tween screws and friction plate. 

The proper suspension of the governor balls is a 
important point, and one rarely attended to. 
is a common practice to the balls from 
centres very near a gs ith axis of rotation 
of governor spi In diagram, which is 
drawn about to that proportion found to be best by 
ex nce, it will be seen that the position of the 
céntres of suspension is very diff. to this. 





ing by three screws o ; these screws are double, one 


best practical form for ordinary observations and for 
all micrometrical work it is amply sutticient, for in 
such cases the acc that is required is an ac- 
curacy of rate second by second, and if the star can be 
kept accurately on the wire of the micrometer for a 
few minutes during an observation it is all that is 
required, and no uniform motion clock is expected +o 
keep rate hour by hour. In certain observations, 
however, notably such observations or investigations 
as those in which Dr. Huggins has lately been 
engaged, in which it is required to keep the image of 
a star on the slit of a pe for some hours 
without an error of a tenth of a second, in such ob- 
servations any ordinary uniform motion clock fails, 
and it is necessary to adopt some form of control 
which, while, it will not interfere with the steady 
going of the clock second by second, will prevent 
those gradual errors which creep in and injure its 
accuracy for long periods. 








CANADIAN RAILWAYS.—No. XXXIV. 


GREAT WESTERN OF CanaDa.—IV, 

LeEAvine Hamilton, on the left-hand track of the 
double road which runs from the neat busy station, 
the main line of the Great Western skirts for over 
a mile the shores of Burlington Bay, to the point 
where the two railways to Toronto and Detroit 
diverge, the one east, the other due west. Just 
before this divergence the two lines cross oo 
the heavy iron bridge over the Desjardins Canal, 
the scene of the fearful accident in which Zimmer- 
mann and sixty others lost their lives, The new 
structure is an iron fixed bridge of 80 ft. span which 
crosses the canal 50 ft, above the water, and close 
beside is a higher, longer, lighter bridge, which car- 
ries the Toronto across the same opening. 
The line is here in a side cutting, the highway above 
it being on the natural surface, and some very 
heavy work was encountered in the pas- 
sage of the age | along the bay side under the 
impending hills of red con erate, h an 
extended spit of which the canal makes a short = 
cutting to a marshy expanse behind on a level with 
the bay and Lake Ontario. Rg mo | along the 
northern slope of the Desjardins ‘V: for ten 
miles, the railway climbs up an ascent of 1 ft. per 
100 ft. to gain the leyel table-land which sw 
round YEE from a and — 4 
excepting for the purpose of descending to'the Lake 
Ontario level at Hamilton, it’ was ible to have 
located the line; a fearful engineering blunder, or 
rather sacrifice, which has been the bane of the rail- 
way for through traffic since the day that it was 
opened. Half’ way up this ascent, hanging on the 
flank of the hillside, where a “‘ run-off” would ‘in- 
volve a tremendous long roll. of some hundreds of. 
vertical feet to the bottom, is seen, on the lower 
table.land, the manufacturing town of Dundas, 
which, though a separate township from Hamilton, 
is nevertheless part of its commercial im nce, 
and linked to it y the closest business connexions. 
Although, by the long detour of the Great Western, 
the respective stations are 6} miles apart, the centres 
of the two places are not above 5 miles by the main 
post road, with a busy street the whole way. On 
this is now established a railway worked es 


the first of its kind in Canada, but not unlikely in 
the future to be extensively imitated. It is more 
like a street tramway than an ordinary railroad, 


and the locomotives employed upon it have an 
arrangement for preventing the noise of the engine, 
the escaping steam, and the usual terrific look 
of a locomotive from frightening horses or inter- 
fering in any way with the use of the highway for 
ordinary purposes. At present this Hamilton and 
Dundas Hailway is an experiment, but the fact 
that a more powerful equipment is about to be 
introduced, would seem as if it had realised the 
expectations of its promoters. Dundas has an 
excellent water power, and having the outlet of 
the Vesjardins Canal to Lake Ontario, it has 
always been a manufacturing town and boasts con- 
siderable variety in its productions, The moun- 
tain side affords an excellent building stone, and 
from these quarries the principal structures, both in 
Hamilton and Dundas, obtained their raw material. 
It is named after the great road or street that runs 
direct from Toronto to London, which was cut out 
by the soldiers by order of General Simcoe as the 
great main road for the colonisation of Upper 

anada, when this was set off from the older por- 
tion of the country asa 


separate province. 
bid. the two branches of 
Tranche 


e old French La 


River, now the Thames, cut their way 





The above arrangements have been found the 
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through the primeval forest to their junction in the 
deep recesses of the then savage 5 rreenca on the 
ond. of March, 1793, General Simcoe, with a small 
retinue as an exploring party, first certainly of 
Englishmen, probably first of white men, stood on 
the site of what is now the city of London in 
Canada, the “ Forest City” of the West, scarcely 
yet in its fiftieth year, but still the centre of the 
prosperous, teeming peninsula of Upper Canada. 
** Here,” said he, with prophetic sagacity, “ will be 
the chief military depét of the West, and the centre 
of a great district: From this spot I will havea 
road made as straight as the crow can fly to the 
Little Lake.” And the promise was fulfilled. Dun- 
das now stands at the Little Lake, as he called it, 
and Dundas-street, as straight as a dart, runs the 
seventy intervening miles alongside the Great 
Western Railway; the Governor's Road, as it was 
formerly called, being on the best location for either 
a road or a railway that can possibly be obtained 
through the district. This road still remains one 
of the main highways in the country. At one 
time the title of Dundas-street was given to the 
whole route between Detroit and Kingston, 420 
miles, but it is now confined to the portion between 
Toronto and London, 130 miles; it was so named 
by General Simcoe after Henry Dundas, first Lord 
elville, then Secre at War, and who, like Sir 
George Yonge, after whom he named his other great 
road intersecting this at Toronto and running north 
to Lake Simcoe, was a personal friend of the 
governor’s. Dundas was a Scotchman bred to the 
law, and admitted a barrister in 1763. He became 
member for Edinburgh in 1774, and the next year 
was created Lord a ge of es the highest 
legal position he co aspire to. He was a strong 
ay friend of William Pitt’s, and when the 
became premier, Dundas was appointed 
Secre to the Navy, then Secretary of the 
Home Department, and afterwards Secretary at 
War. In 1804, when Pitt’s government re- 
tarned to power, Viscount Melville was appointed 
First Lord of the Admiralty, but his peere 
was on the wane and shortly afterw he 
was arraigned for certain malpractices that were 
charged against his former administration of the 
ublic funds when in 1786 he was Secre of the 
avy. Though ornate of the grosser c of 
peculation, he was blamed for neglect of duty, and 
soon after, in 1806, died of apoplexy. A column 
of colossal proportions, 136 ft. in height, besides 
the figure at the top 14 ft. more, which cost 8000/., 
was erected in Edinburgh to his memory, but the 
intended inscription has never been piaced upon 
it, A statue of him by Chantry is aiso to be seen in 
the t hall of the Parliament House, at Edin- 
burgh, but his name is perpetuated in a far more 
permanent and popular manner by this great work 
of the just, wise, patriotic governor of Upper 
Canada. 


At Copetown, eleven miles from Hamilton and 
over 500 ft. above it, the railway regains the summit 
of the Niagara plateau ; its course is laid due west 
alongside Dun treet, and the scenery assumes 
the generally level, slightly rolling appearance of 
the richest part of Canada. Harrisburg, 19 miles 
from Hamilton, is the point where originally the 
Galt branch left the main line running north to 
that town, and where subsequently the Brantford 
branch was turned off towards the south to another 
rising district, Both of these roads have since been 
extended till this junction forms the crossing-place of 
an important railway system of a longer length than 
the original main line, and whose acquisition has 

roved a serious drain upon the resources of the 
Great Western Company. Ten miles further the 
old road crosses on a level the Buffalo division of 
the Grand Trunk, As this is now a through line 
between Detroit and Buffalo, it forms a far more 
serious competitor to the Western than when, in 
the hands of an independent company, it was the 

lain Buffalo, Brantford, ard Goderich. The vil- 

at the junction is Paris, named not after the 
ital in the old world, but from the plaster 
w is here found in great abundance, and 
ee ag is extensively qeeipall -_ sent ane 
as a ilisi t oo y for grass 
Paris is on rand River, which runs north 
and south through this jon of Canada, and 
finds its outlet ultimately in Lake Erie, Cross. 
ing this river, the railway ascends to the highest 
elevation it attains on the main line, 43 miles from 
Hamilton and 762 ft. above Lake Ontario, where it 
crosses the ridge which se the water flowing 
into the Grand River from that which finds its out- 






















































let by the Thames into Lake St. Clair. From this 
int forward the Great Western follows the 
hames to its outlet in the lake, and generally im- 
mediately to the north or south of the river. 
Woodstock, one of the oldest settlements in this 
part of the country, and the county town of one of 
the richest shires in the West, is reached in 90 miles 
from Hamilton. Formerly it was considered the 
most ‘‘ respectable” town in the Upper Provinces, 
and boasted a great ‘number of old English families, 
who had been induced, principally through the in- 
fluence of Admiral Vansittart, to emigrate to Canada. 
The admiral, who was first cousin to Lord Bexley, 
came over to this country over forty years since, 
and brought with him 45,000/. to surround himself 
with an extensive estate, and build a great wilder- 
ness of a house at this place. There is little doubt 
that his presence and the families of Captain Drew, 
Colonel Light, and others, did give a tone to the 
locality which induced family after family of respect- 
ability to come out from the old country and settle 
in the neighbourhood, till it became at one time the 
most aristocratic place in Canada. It bids fair now to 
become one of the most important railway centres, 
and six railways radiate from the town, which are 
likely soon to be increased by at least two others. 
A quarter of a mile east of the station the Great 
Western is crossed on the level, and at right angles 
by the Port Dover, Stratford, and Lake Huron, a 
long, if not a very important, line, which com- 
mences on the shores of Lake Erie at Port Dover, 
and runs north or north-west to a place called 
Listowel, 106 miles from Lake Erie, to be continued 
shortly to Colpoy’s Bay and Tobermory, in the ex- 
treme north of the Huron peninsula, Half a mile 
west of the station the Credit Valley crosses the 
Great Western, which immediately afterwards 8, 
by an iron bridge of two 100 ft. openings, the River 
Thames, and from there to Ingersol, ten miles, the 
Great Western on the north bank of the river, and 
the Credit Valley on the south side, follow its 
graceful windings to the town of Ingersol, the 
centre of the Canadian cheese trade. The Credit 
Valley Railway from Toronto to Ingersol is 94} 
miles, the Great Western is 96 miles. All three 
railways, including the Grand Trunk, which is only 
10 miles to the north, are within a belt 15 miles 
wide, and all three of them have a subsidiary sys- 
tem of branch lines which cut up this rich agricul- 
tural district into such small sections that few 
hamlets have not at least two competing railways 
almost at their doors. No wonder that the two 
original companies, the Great Western and Grand 
Trunk, should view with alarm the tremendous 
duplication and increase of railways, beyond all 
precedent, in this Canadian peninsula. When the 
Credit Valley attempted to cross the Great 
Western, the laying of the rails becamy a personal 
scuffle, and the good people of Woodstock were not 
behindhand in the “ free fight” that occupied nearly 
two days to thoroughly decide; finally the Credit 
Valley outnumbered their opponents, and the 
‘‘ diamond” was laid across. ‘The last railway is 
always the popular one in a fight, and it mat- 
ters not how many level crossings of the most im- 
portant lines are called into existence, each place is 
still anxious to have another competitor for its 
business, another chance of reducing the rates and 
fares. Ingersol, with about the same population as 
Woodstock, is a far more enterprising place. Both 
of them are on the Thames, both of them have 
Dundas-street for their main thoroughfare. Neither 
of them have any water power to attract manufac- 
tures, and the little advantage that Woodstock had 
in its earlier start, and more aristocratic society, in 
its county establishments, literary institute, and 
theological college, has been more than made up by 
the unanimity and hard-working struggle for inde- 
pendence that has marked the poorer but more self- 
a Y pamercs of the Loe that a. ig a 
to ‘‘old country respectability.” ‘To-day Ingerso 
is probably a richer town than Woodstock, and 
forms a better business centre for the agricultural 
roductions that are equally the staple trade of 
both. To any one who has wandered over the rich 
pasture farms of Cheshire and Leicestershire, and 
who has had the same opportunities of ingress and 
egress into the cheese factories and ‘‘ creameries” of 
this county of Oxford in Canada, the present en- 
grossing subject of agricultural depression in Eng- 
d and Canadian competition receives a new and 
— a very simple solution. It is the old fight 
tween hand labour by the rule of thumb system, 
on the one hand, against machinery and the new 
era of scientific and mechanical investigation on the 


other. An English dairy can no more compete with 
an Ingersol creamery for the production of butter 
than a hand-loom weaver can fight against a Man- 
chester factory. A thoroughly well-versed, prac- 
tical, clever manager, surrounded by every appliance 
to save labour, with accurate es, lactometers, 
thermometers, rooms kept to the exact temperature, 
water laid on wherever required, all the work done 
by machinery, and withal a cleanliness utterly un- 
known in most of the old farming districts, against 
the old-fashioned, hard-working, ignorant dairy- 
maids and labourers to whom is confided the oper- 
ation of an English dairy. Nor does the Canadi 
manufacturer stand at any great disadvantage as 
respects distance from market, and a freight of 2s, 
pe hundredweight from Ingersol to Liverpool on 

utter and cheese, is not much more than the great 
bulk of the dairies in Cheshire, with their horse 
conveyance to the station, their retail way of doing 
business, and the absence of all facilities to smooth 
over the friction of transit, will entail on the 
English farmer. Most of the Canadian factories 
are on the line of a railway, and the car shunted 
into the establishment is loaded in the most conve- 
nient manner; one charge to Liverpool is made, 
and the bill of lading pinned to the invoice, can be 
drawn against the same day, and cashed at any of 
the Ingersol banks. Nineteen miles further, with 
the River Thames on one side and Dundas-street on 
the other, the Great Western enters the city of 
London, its most important station, and destined, 
no doubt, to be the centre of the system, of 
which it is the most natural and economical 
point for the concentration of the mechanical 
and working details. The repairing shops of the 
company were originally placed at Hamilton, 
and at first all the offices and establishment were 
clustered round these works, but London is so much 
more convenient in every way that ultimately this 
must be changed as, by the force of circumstances, 
it is toa certain extent, slowly but certainly, now 
being done. The company have practically five 
radiating lines from this point. Itis 119 miles to 
the Suspension Bridge from London, 110 miles to 
Windsor on the Detroit river, the express engines 
here dividing the distance. The Sarnia branch 
trains, although they turn off from the main line 
ten miles to the west, start from this station, reach- 
ing the Canadian boundary in 61 miles; the London, 
Huron, and Bruce runs north to Wingham, 74 miles ; 
and the London and Port Stanley, south to Lake 
Erie, in 243 miles, all commencing from the London 
depét. Besides these the Grand Trunk have a 
branch from St. Mary’s to London, 22 miles, but at 
present they use a separate station, and should the 
two roads amalgamate, the arrangement of bringing 
these trains to the present Great Western station 
would be a great benefit to the community and open 
up several important cross routes of travel now em- 
barrassed by the necessary change from one com- 
pany’s station to the other. 

The Marquis of Buckingham, the Lord-Lieutenant 
of Ireland, had, in 1786, two young Irishmen as his 
aides-de-camp, both well connected, energetic, and 
clever. Of the two the friends of both marked out 
the elder one, tke scion of the old family of the 
Talbots of Malahide, and connected closely with the 
Earl of Shrewsbury, as the most likely to achieve 
celebrity in subsequent years. The younger one, 
however, ‘‘ the mischievous boy,” was Arthur 
Wellesley, afterwards to be Duke of Wellington, 
whilst Thomas Talbot, his brother aide, whose 
ancestors had A mse the same barony of 
Malahide from father to son for 600 years, became 
a pioneer in the great wilderness of the West. The 
intimacy of the early friends continued through life, 
and when both had earned the commendation of 
their country, though in widely different paths, the 
backwoodsman of Canada was a welcome guest of 
the Iron Duke’s at Apsley House. In 1790 Mr. 
Talbot joined the 24th regiment, then lying at 
Quebec, as lieutenant, and became subsequently 
secretary to General Simcoe, then Governor-General 
of Canada. As reading the “ Life of Nelson” has 
sent scores of boys to the Navy, and the exploits of 
Marlborough or Clive have the ambition of 
many an incipient soldier, so reading Charlevoix’s 
‘¢ History of Canada” filled Talbot’s mind with an 
enthusiasm for a life in the woods that never 
forsook ee In 1793 Pe pes me: Simcoe rg: mon 
upon making a perso examination of Upper 
Chaste, aad acocnpaaiel Wr Major Tulbée tad 
several officers started from Rewnk, now Niagara, 
then the capital of the province, proceeded along 





the route now followed generally by the Great 
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Western Railway to the Detroit River, and returned 
on a line nearly parallel, but further south. On the 
trip Talbot was much struck with the beauty of a 
spot which he determined some day to make is own, 
and Port Talbot now stands where his early fancy 
had selected a resting-place when his military days 
should be over. ‘* Here, General Simcoe,” said he, 
‘¢T will roost, and will make the forest tremble 
under me with the flock I will bring round me.” 
At this time the whole expanse of the country, 
where five parallel railways and a dozen transverse 
lines now find ample employment in carrying away 
the produce of the teeming soil, was a wild un- 
cut virgin forest. Nearly the whole of Upper 
Canada was an untamed, savage, pathless wilderness, 
the entire population of half a million square miles 
was scarcely 20,000, and these clustered principally 
in five or six distant settlements surrounding the 
military establishments of Kingston, Newark, and 
Detroit. In 1796 Major Talbot became lieutenant- 
colonel of the 5th regiment, and saw some hard 
service in Flanders and throughout Europe, but the 
remembrance of the wild forest scene in Canada was 
ever present to him, and when the Peace of Amiens 
was signed, March 27, 1802, the colonel laid aside 
his sword and turned his face across the boundless 
ocean to the almost equally unbounded forest where 
his heart and hopes were. On the 21st of May, 
1803, he landed on the shores of Lake Erie, and 
sought the point he had previouslyadmired, During 
his ten years’ absence all was as before ; from where 
the town of St. Thomas, in which eight rai] ways now 
centre, stands surrounded by all the evidence of 
industry and prosperity to Port Talbot on the west, 
and as far as the eye can reach over the township 
of Malahide to the east, places which all bear his 
name or title, there stood the unbroken primeval 
forest, and where London now sits like a queen on 
the then unnamed Thames, the woodpecker alone 
disturbed the solemn silence of leagues of unbroken 
solitude. Whilst in England Colonel Talbot made 
an arrangement with the Government by which he 
obtained possession of a block of land of 5000 acres 
in extent, the agreement being that he was to receive 
200 acres for each settler that he could place upon 
50 acres, for which the immigrant was to pay Ys. 6d. 
per acre, and it gives some idea of the difficulties and 
privations that all alike underwent, that in 30 years 
some of them had not been able to complete even 
this small payment. There was no shop or store till 
1817, and their most pressing necessities had often 
to be supplied from the colonel’s own hause. 
Besides this personal estate, Mr. Talbot acted also as 
agent for the Government in the disposal of the 
surrounding lands, and during the half century that 
he acted in this capacity, the tract that he was the 
means of settling comprised 29 townships round Lon- 
don as a centre, containing now nearly 200,000 in- 
habitants. Up to 1836 he disposed of, for the 
Government, in addition to the original agreement, 
518,000 acres, on which at that time through his 
instrumentality alone, 40,000 souls were then living. 
But personally he had made no money, and on his ap- 
to the Government explaining his circumstances, 
e was allowed as a pension 2000 dols. a year, which 
no man ever more richly deserved, nor is there one 
whose services to Canada have been more perma- 
nent or more substantial. 

The foundation of Canadian London is not 
involved quite in the obscurity that surrounds the 
early history of the town of Lud in the older. 
country. The spot selected by General Simcoe as 
the western capital did not immediately spring 
into existence, and Dundas-street was not cut 
out to the Forks of the La Tranche for some years. 


After the war of 1813 a few straggling settlers found, 


their way to the neighbouring township of Dela- 
ware, but prior to 1827 where the city now stands 
was an unbroken wilderness. In that year two im- 
portant structures were commenced, both of which 
have long since disappeared, these were a bridge 
over the Thames, and acourt-house. The village at 
*‘The Forks” got on slowly, and in 1832 cholera 
broke out in the incipient settlement, and it was 
almost deserted. In 1835, however, it was again a 
place of nearly 1000 people, and returned, partly in 
anticipation of what it was intended to be, a member 
of Parliament. It increased rapidly for ten years, but 
in 1845 it was swept out of existence by a fire, and 
again had to recommence. This seems to have 
been really the starting-point of its present pros- 
perity, In 1847 it was constituted as a town with 
municipal existence, and in 1855, having then a 
population of 10,000, it claimed and received its 
charter as a city. The value of property now began 





to increase ; from 1852 to 1858 land had gone up in 
value threefold, and since then the progress of the 
city has been remarkably rapid, in fact it boasts 
justly of a greater increase in population and wealth 
during the last 20 years than any town in Canada. Its 
population is now sup to be about 30,000, and 
the country of which it is the head and centre, has 
certainly not less than a quarter of a million of in- 
habitants. This development is due proximately to 
its position in the centre of the garden of Canada, 
and its increase, and wealth, and ion have by 
no means seen yet the extent which it is destined to 
achieve. Yet naturally it has few advantages, the 
Thames is scarcely ‘a navigable river, although the 
Thames Navigation per gf whose propitiously- 
named originator was Mr. Waterman, does own two 
or three steamers ; nor is the river sufficiently rapid 
or powerful to constitute a water power, although 
four miles below the bridges there is a dam, over 
which the water does sometimes pass with a full fall 
of not less than 14 ft.; nor yet has it underneath 
it those mineral deposits which will sometimes create 
a city in the most awkward and unlikely localties, 
although perhaps in this respect it may have some- 
thing to boast as it is the centre of the Canadian oil 
trade. Yet wanting all these advantages, usually 
supposed to be necessary to the well-being of a large 
town, London seems to be fitly.and 
placed as a capital city, and its growth so far has 
certainly been as successful and its increase as rapid 
as any place could achieve with advantage. 

From 1862 to 1865 the development of the petro- 
leum industry was attended here with all the wild 
speculation which always follows the sudden dis- 
covery of any new form of money making. Although 
the oil wells are some distance from the city, 
London became the centre of the principal agents of 
the new enterprise ; here the companies were formed 
to work the new —— the money was raised for 
the purchase of the 
bought and sold, the fortunes were made, the 
equilibrium of the most cautious was upset, and the 
whole community were oil mad. For a time all 
other business was forgetten, land in all sorts of 
likely and unlikely places was sold at fabulous prices, 
and people rushed from all quarters to the city 
where every one was becoming wealthy. All this 
soon straightened out, and the oil trade has settled 
down to a steady prosperous business without much 
uncertainty and with very little excitement. The 
county of Middlesex, of which London is the 
county town, contained by the census of 1831 only 
11,882 people: in 1841 it had 26,484; in 1851 it 
had 39,898; in 1861 it had 60,291; in 1871 it had 
82,595 ; and it is supposed now to have over 130,000 
inhabitants. 





THE SPITZBERG TUNNEL. 
(Continued from page 383.) 

DIFFERENCES in local conditions, as well as varia- 
tions in the nature of the rock to be penetrated, 
rendered it advisable to adopt a different mode of 
procedure at each rene s Thus at the north 
entrance the so-called English method was employed, 
at the south entrance the Austrian mode with crown 
timbering, and at the two shafts the same system, 
but with different timbering. 

In September, 1874, an adit was driven clear of 
the cutting at the north end of tunnel, and after re- 
moving some 20,000 cubic yards of hard clay and 
rock, the north portal of the tunnel was reached 
in November by a heading at formation level of 
14 ft. 8 in. in length. The material close to the 
entrance consisted of clay and disintegrated rock, and 
required some heavy timbering. Thearea of this head. 
ing was limited to 65.66 square feet, and it measured 
8 ft. 8 in, in width and 7 ft. 64 in. in height. Originally 
it was intended only to drive the one heading, and 
to complete the full section by excavation upwards ; 
this plan was, however, soon abolished on account 
of difficulties in ventilation, and it was decided to 
drive a second one near the roof level, having an 
area of 47.36 square feet (7 ft, 6}in. wide and 
6 ft. 7 in. high). 

In some places the timbering, was, on account of 
loose rock, very heavy, and close boarding was neces- 
sary over nearly the whole of the perip of the 
tunnel. Progress was naturally slow in such 
and the working expenses ape sachgroaraps high ; but 
fortunately these difficulties were not of very long 
continuance. Their effects are, however, clearly 
shown on the north side of the progress diagram, 

The upper heading was commenced in December, 


1875, and carried on without intermission by two 


and, the stocks and shares were | P® 


gangs of men working in eight-hour spells, which 
required a total force of twelve miners, while three 
gangs worked in the larger heading below, which 
was also pushed on, requiring eighteen miners con- 
tinuously. These workmen were engaged by contract, 
the unit taken for price being the metre run ; tools 
and material for timbering were supplied, but 
the cost of explosives was included in the con- 
tract. It was found more convenient to supply the 
men with dynamite, the cost price being debited to 
them. After the lower heading had been driven to 
alength of 784 ft, this mode of working was dis- 
continued in favour of the method of Riving the 
tunnel in its full area, which was found to be more 
economical. 

On the south side the quantity of material to be 
removed before reaching the tunnel entrance was 
considerably larger, amounting to about 66,000 
cubic yards ; the length of the low-level headway 
was 250 ft., and was not completed until January, 
1875, the upper heading being finished in the April 
following. The lower heading was extended for a 
distance of about 60 ft. within the entrance, so as to 
get a clear run for the trollies during the winter, as 
the cutting was not finished till the following 
summer. The local conditions at this end of the 
work rendered it advisable to continue the roof 
heading only, the area of which was fixed at 47 
square feet, as at the north end, and it was found 
that — timbering was only occasionally re- 

uired, where loose rock rendered the worki 
us. In the upper headings driven from eac. 
of the shafts, the conditions were equally favour- 
able, and the hard rock required no timbering; 
these galleries also had an area of 47 square feet. 
The mode of working in double gangs of men in 
each level in eight-hour spells, and the method of pay- 
ment, were the same as at the north entrance, For 
some time indeed, in shafts No. 1 and No, 2, the ex- 
riment was tried of working in shifts of six hours, 
and although the progress was considerably greater, 
the expense per foot run increased in too high a 
rate to continue this system. In addition to four 
miners in each gallery, there was one labourer to 
carry materials, and one or two men for removing 
the excavation, these men working in 12-hour shifts. 
Neglecting the comparatively short piece of tunnel- 
me at the north end through clay and broken 
rock, the whole of the operations had to be carried 


out in hard compact rock, requiring constant blast- 


ing. Among the strata most ly met with, may 
be mentioned blue and grey mica slate, grey and 
quartzose slate, of various degrees of e88 ac- 


cording to the quantity of quartz contained. An 
idea of the ive hardness of these materials, 
and their resistance to blasting, will be conveyed by 
the following Table : 
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ms | yong aaa Cubic 8 
47 Square Feet. ard. = 4 
& ; 2 ‘ * rf 
Nature of Rock, Ea § E sg |a 3 las 
fei 2 2 |e is_| & [ap 
ez ° s 2 - 
a |g. g Sa 
g2/ 2 /6%/ 2 | 88] 2 | €g 
gal\e |28) 3 | 22 & 
*t. in. ft. in. 
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This Table, compiled from a large number of 
observations and measurements, gives a vi fair 
average of the work, no difference being be- 
tween holes bored ip nary and downwards, since 
the result was found alike in both cases. All down- 
ward holes were bored with the aid of water, and the 
hammer used weighed 17 1b. Besides the hardness 
of the material, a very important item in removing 
a given quantity is the effect of the explosions on 
the rock, and great care was exercised throughout 
the work to regulate the depth of the holes to suit 
the hardness and the direction of the line. of 
ow. : erally so arranged that during each 
ox was generally so 
eight-hour shift, two blasts were effected, the new 
gang finding the heading cleared from rubbish, and 
ly for them to commence boring. The time re- 
uired was from 2 hours 40 minutes to 3 hours for 
work, 20 minutes for charging and b 
and from 40 minutes to an hour for ventilating 





clearing away. Every four hours, from six to nine 
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holes were bored with a total depth of from § ft. 2 in. 
to 11 ft. 10 in., charged with dynamite and ex- 
ploded. 

Each group of éxplosions had on an average the 
effect of breaking down from 0.53 cubic yard to 
0.7 cubic yard, but details of the results obtained, 
compiled from a large number of observations, are 
given in the Table below, and will be found of con- 
siderable interest. It should be mentioned here 
that the least effect from the dynamite was gained 
in the softest rocks and twisted mica slate, but this 
is easily explained by the fact that this latter 
mineral is exceedingly tough, the small mica 
particles being very intimately combined, and it 
contained no fissures, 


Details of Driving the Lower Heading, Area= 
: 65.7 Square Yards. 














Materials required. 
Per Cubic Per Yard 
ard, forward 
1. Mean depth of each hole 
a mac tiie cies] HES |B 
umber 0} necessary : 81.5 
3. Total depth of holes : 14 ft. 111 ft. 
4. Number of sharpened dril's 60 447 
5. Foreman... po a 0.04 0.27 
6. Miners 3.00 20.8 
7. Dynamite -| 3.6 Ib. 27 Ib. 
* Fases, feet ran | 30 . ” in — ft. 
. Explosive caps 
10. Lamp oil _... 0.88 Ib. 6.2 Ib. 
11. Smiths’ time 0.435 3.01 
12. Carpenters’ time 0.004 0.055 
18. Labourers’ time 0.22 1.67 
14. Coals for f e 18 Ib. 135.6 Ib. 
15. Steel for .66 Ib. 5 Ib. 
16. Iron $o ion | 38 Tb. 2.4 Ib. 
17. Watchman’s time, hours ... 9.015 0.11 











In future illustrations will be given all parti- 
culars relating to sinking the two shafts, as well as 
driving the tunnel afterwards, showing the monthly 
progress, the amount of work done from each point 
of attack, the time of commencement and finishi 
from each heading, and the time which was taken 

ven 


sag an aie section after the levels had 
been d pede 


The work of excavation in the upper heading was 
similar to that in the lower, but somewhat 


= 








larger, the quantity, however, did not amount to 
more than 5 or 6 per cent. 

The ventilation of the tunnel after the blasts did 
not give much trouble at the south end, where the 
enlargement always closely followed the heading— 
artificial ventilation was not necessary ; at the north 
end, however, and in connexion with both shafts, 
hand-worked centrifugal ventilators were used. Air 
was drawn from the entrance or from the shafts 
through wooden trunks of about 40 square inches 
area, and forced to the working fan ; this arrange- 
ment was sufficient to completely clear the place 
from all the gases arising from the blast in a quarter 
of an hour. 

The removal of the rock broken down was effected 
in various ways, according to the position and size 
of the headings. Where the upper galleries were 
driven, and quickly followed up by the enlargement, 
rails were laid in the tunnel, and the material 
was conveyed in trucks from the working face, 
while in the lower headings rails were laid up to the 
face, the transport was therefore somewhat easier. 
But little troutle was experienced from water in 
driving the section from a higher to a lower level, in 
all a length of 1560 ft., the water which accumulated 
against the working face being baled out, and led 
away by wooden gutters to suitable places, whence 
it could be removed by the pumps. me details as 
to removing the loose stuff and pumping water from 
the tunnel will be given hereafter. 

With the exception of a length of 787 ft. at the 
north end, where two drifts were run at the roof 
and rail levels, the general mode of tunnelling was by 
driving a heading near the roof, as shown in Fig. 24; 
this heading was afterwards enlarged into the form 
shown in Fig, 25, and this work being then continued 
downwards in whatever way was found most con- 
venient, and according to the nature and stratification 
of the rock. The work of en ent followed the 
heading in regular stages, and Fig. 27 gives an idea 
of jthe progressive mode of advancement. Where 
the upper and lower headings were made, holes were 
broken through between the two at distances of 
about 33 ft., and rails laid in the lower drift, the 
— 7 down in forming the roof level, as 

own in Fig. 25, being passed through these open- 
ings directly into the wagons beneath. The rock 
remaining on each side of the lower headway after 
the u of the tunnel had been to its 
full width, was attacked from above and below, the 
removal being done by piecework at a fixed price 














per cubic yard. To avoid difficulties between the 
workmen below and those above, careful records 
were kept of the work done by each man, and 
although this mode of regulating payment was 
apparently a laborious and complicated one, it had 
the advantage of giving the officials a good _ 
tunity to estimate the value of each man, and to 
obtain the maximum quantity of work. 

The number of men employed for this work was 
not constant; in the upper part, cd, from 12 to 17 
men were occupied, amongst whom were always 
either two or three driving holes single handed ; on 
the lower level there were from 10 to 16 men work- 
ing in pairs. With this distribution of labour the 
progress in the different stages was about equal, 
and at all times the men were kept within a distance 
of from 45ft. to 60ft., so that they might easily 
be controlled by one foreman. The shifts were 
every 12 hours, and the blasts were so regulated 
that the men had time to clear away the débris 
before the new shift came on duty. The 12 hours’ 
work comprised 8} hours in boring, 1} hours in 
charging and firing, and 2 hours clearing, &c. The 
average work done by each man per day in en- 
larging the roof was three holes, with a total depth 
from 4ft. 6 in. to 6ft., and in the other parts from 
two to four holes, with a total depth from 5 ft. to 
6ft. 3in. The tools and explosives used in this 
work were similar to those for driving the head- 
ings, but the hammers used were a little less in 
> from 13 Ib. to 15 lb., on account of the longer 
shifts. 

The transport of the broken down rock from the 
tunnel was effected in different ways; from the 
workings it was carried upon a staging formed 
either on the side or over the lower level, and when 
the full section was excavated it was thrown directly 
into the trollies, At both open ends the staging 
was erected in the centre of the tunnel, and the 
material thrown directly into the trucks; at the 
south side, tipping wagons were employed of about 
three cubic yards capacity, but at the north end these 
could not be used for want of space, and ordinary 
trollies with a movable box over the egg as 
shown in Figs. 28 and 29, were employed. The 
total quantity of material removed amounted to 
about 120,800 cubic yards, of this 70,700 yards 
were taken out through the ends of the tunnel, 
while the remainder was hoisted through the 
two shafts. The empty return wagons were brought 
by horses at the north end, but on the south side 
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Fig. 30. 


ee the line is horizontal they were pushed by 
and, 

At the shafts small iron trollies were employed 
of the form illustrated in Figs. 30 and 31. Hoisting 
was effected at a speed of from 6 ft. 6 in. to 8 ft. per 
second, and during each 24 hours, an average of 250, 
and a maximum of 300 trollies were hoisted. The 
cage shown in Figs. 30 and 3] was fitted with a 
safety apparatus, the construction of which will be 
understood from the illustration. It consisted of a 
strong spring which kept two tooth segments from en- 
gaging in the wooden guides so long as the spring was 
held open by the pull of the chain, but if the latter 
broke the was stopped. An automatic bell signal 
was ontheshaftof the winding engine, giving 
notice when the cage had arrived at either or 
bottom level. To relieve the chain of the load while 
provision was made for the 


the cage was at the top, 











Fia. 31. 


weight to be carried by side levers, as shown in the 
drawings. The men employed in hoisting also 
worked in 12-hour shifts, 13 men in all bein 
necessary for pushing the trollies to the shaft, | 
ing, unloading, and emptying the trollies at the top. 
fn laying out the permanent way, turntables and 
crossings were avoided by the use of cast-iron plates, 
and these were arranged wherever necessary for easy 


transport. 
For lighting the tunnel, lamps of different types 
oa oe ok manufacture 


were tried until a pattern of 
was found to answer the purpose best, and were 
thenceforward used permanently. 

No trouble was experienced in tag. | the work- 
NU. daien balng suatommty, stele ee Rca 
ventilati ing unnecessary, while for 
fixtd along the roof of the tuntiel-leading -ittto the 














air-shafts, already described. The small fan, also 
referred to, was quite sufficient to keep the tunnel 


in good condition, the air being ly so clear 
that lamps could be seen from the t entrance 
to a distance of 5000 ft. 


The presence of water gave little troubl 
since the gradients rose from both ends 
centre, trenches cut at the sides answered every re- 
—— Near the shafts the water was 

ed into wooden troughs, and thus carried into 
the sumph at the bottom of each shaft, or it was 
pumped from an intermediate sumph as alredidy 
mentioned. The pumps were at work at 
intervals of about ten minutes, and kept working 
with about 30 strokes for four or five mivutes, Par- 
ticulars of the power for pumping, venti- 
lating, and hoisting will be given in our next article, 
. he (To be continued:) “en . 
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the 
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BOILER DRILLING AND TURNING 
MACHINE, 


398 a boiler drilling and turning 
machine, constructed Mesers. F. and J. Butterfield 
and Co., of Keighley. machine has been specially 
designed for g the shells of boilers, and will admit 
boilers varying from 6 ft, to 16 ft. diameter, and will drill 
over a length of 6 ft.6 in. at once, The machine is con- 
structed on the patented designs of Mr. John Dickenson, 
marine engineer and boiler maker of Sunderland, and it is 
suitable for drilling round, oval, or square boilers. 

The machine consists of two horizontal bedplates A' and 
A? made with Y slides on top, and ed at rigbt angles 
toeach other. Upon each of the bedplates is fitted a 
vertical arm B! and B:, each of which carries two saddles 
C' and ©, these being each adjustable vertically on its 
respective arm by means of rack and pinion and hand- 
wheels Dl! and D?, The saddles are balanced so that the 
least possible exertion is sufficient to adjust them. The 
vertical arms B! and B* are cast each with a round foot 
by which the arms are attachd to the square boxes E!' 
and E+, which are fitted to the Y slides on the horizontal 
beds A! and A®, and are adjustable thereon by means of 
screw and ratchet motion F'and F*, Each of the square 
boxes has cast on it a small arm G' and G*, carrying 
studs upon which run pinions gearing into the circular 
racks at the foot of the vertical arms. The square boxes 
have each a circular ve turned in the top to receive 
the bolts by which the vertical arms are connected to 
them, and thus the vertical arms, and with them the drill 
spindles N' and N?*, are adjustable radially with the 
boiler—the adjustment being effected by means of the 
pinions and circular racks. The pinions are arranged 
so that they can be worked with the same screwkey that 
is used for the bolts in the circular grooves. 

The shell to be drilled is placed upon the circular table 
H which is carried by suitable framework adjustable by 
means of screw ona Y slide I placed af an angle of 
45 deg. with the horizontal bedplates. By this arrange- 
ment when the table is moved along I it will approach 
to or recede from all the drills equally. J‘ ana J* are 
girders forming additional bearings for the framework of 
the table. The bedplates and slides for the table are 
bolted and braced together, making the whole machine 
very firm and rigid. Power is eae to the machine 
through the cones K' and K* working the horizontal and 
vertical shafts L' and L*, &c. On the veitical shafts are 
fitted coarse pitch worms sliding on feather keys, and 
carried with the saddles C' and C*, &c. The worms gear- 
ihg with the wormwheels M' and M’ are fitted on the 
sleeves of the steel spindles N' and N*, The spindles are 
fitted with self-acting motions O' and O*, which are easily 
thrown in and out of gear. 

The machine is also used for turning the edge of the 
flanges which some makers prefer to have on the end 
plates of marine boilers, The plates are very readily fixed 
to the circular table H and the edge of the flange trued 
up much quicker than by the ordinary means of chipping. 
When the machine is used for this purpose, the cross- 
beam P, which is removable, is fastened to the two up- 
right brickets R' and R*. The crossbeam is cast with 
V slides at one side fora little more than half its length 
from one end, and on the. opposite side for the 
same length, but from the opposite end. The Y 
slides are each fitted with a tool-box 8S! and Ss, having 
a screw adjustment for setting the tool to the depth 
of cut and adjustable on the Y slides of the crossbeam 
to the diameter of the plate to be turned. This arrange- 
ment of the machine is also used for cutting out the 
furnace mouths in the boiler ends. The plate is fastened 
to the circular table, the centre of the hole to be cut 
out being placed over the centre of table ; one or both of 
the tdol-boxes may be used. There is sufficient space 
between the upright brackets R' and R®* to allow that 
section of a boiler end which contains the furnace mouths 
to revolve while the holes are being cut out; the plate 
belonging to the end of a boiler of the largest diameter 
that the machine will take in for drilling. The holes 
cut out will be from 2 ft. & in. diameter and upwards. 
Power for using the turntable is applied through the 
cone T. The bevel wheels, worms, wormwheels, and 
pinions for driving the table are of cast steel, which is 
necessary for the rough work of turning the ow 

As to the practical result of using the machine the 
dri'ls are driven at a speed of 340 ft. per minute at the 
cutting edges. A jet of soapsuds plays on each drill from 
an orifice vy in diameter and at a pressure of 60 Ib. 

r square inch. A joint composed of two 1 in. plates and 

aving holes 14 in. in diameter can be drilled in about 
2} min, and allowing about } win.\ for adjusting the 
drill, each drill will do about 20 holes per hour, The 
machine is designed to stand any amount of work that 
the drills will bear. Thotime required for putting on the 
end of a boiler and turning the thereon (say 14 {t. 
diameter) is about 2} hours; much, however, depends cn 
th» state of the flanges, 28 somctimes they are very rough, 
whilo at others very litle is necessary to tyes thoes up. 
The timo required for putting on the plate containing 
the furnace mouths and cutting out three holes 2 {t. 6 in. 
in diameter, the plate being 14 in. thick, is three hours. 
Of course if several boilers of one sige are being made at 
the same time the holes in two or more of these plates can 
be cut out at once. The machine is of such design that 


We illustrate on 





it can be placed with one of the horizontal bedplates 
(say A') parallel and close up to a wall of the boiler- 
shop, and when the turning apparatus is being used, the 
vertical arm B? can be swivelled half way round on its 
square box E? and used for drilling and tapping the 
stay holes in marine boiler ends after they are put to- 
ge ; of course sufficient room must be left between 
bedplate A? and the wall of boiler-shop parallel with it, 
to allow for reception of the boiler to be operated upon. 
Messrs. Butterfield are bringing out apparatus for carry- 
ing the boiler during this operation, and which can be 
used in combination with the shell drill or made into a 
distinct and separate machine, We hope to be able to 
publish illustrations of this when the apparatus is com- 
pleted. 


BYE-PRODUCTS FROM COKE 
MANUFACTURE. 
On an Improved System for the Utilisation of Bye- 
Products in the Manufacture of Coke.* 
By Mr. Henny Simon, C.E., Manchester. 

In the mannfacture of gas for lighting purposes, one .of 
the principal sources of income (or of reduction in the cost 
of manufactare), besides the sale of coke, is the sale of the 
tar and ammoniacal liquor which are obtained as bye- 
products during the distillation of the coal. 

It seems strange that in the manufacture of coke for 
metallurgical pu , the tar and ammoniacal liquor 
should until row, in almost all cases, be allowed to go to 
waste and thus at the same time to increase the nuisance 
which coke ovens generally are to their neighbourhood. 

To give an idea of the value of these bye-products, it may 
he stated that the Corporation of Manchester get about 
38s. per ton of tar, and from 20s. to 25s. per ton of 
ammoni liquor produced at their gas works. 

On the other hand, at the Bességes Works of the Terre- 
noire Company in France, each ton of coke obtained in the 
Carvés ovens gives about 140 kilos., or nearly 3 cwts. 
of ammoniacal water, and 33 kilos., or 72} lb. of tar, 
which at the Manchester prives are worth about 3s. 5d. for 
the water, and Is. ld. for the tar, or say over 4s. 6d. per 
ton of coke produced. 

According to the mineral statistics of the United King- 
dom, the total quantity of pig iron manufactured in this 
country is now considerably over six millions of tons. 

Assuming that for the making of a ton of pig iron about 
23 ewt. of coke are used, we arrive, for iron alone, at a 
total of about seven million tons of coke, which if treated 
by the Simon-Carvés system would, at the present prices of 
bye-products, give ronghly a total possible saving of 
1,350,0601., all of which is now wasted, and to a consider- 
able extent allowed to vitiate the atmosphere. 

There are in the Durham district some frms producing 
each half a million tons of coke per aunum. In such acase 
the realisable money value actually wasted (and converted 
more or less into a nuisance to the neighbourhood) is over 
100,0001. a year. 

It is well known that there exists an almost unlimited 

d for sulphate of ammonia for agricult purposes 
—all the more so as the natural manures, such as guano, 
saltpetre, &c., are getting scarcer and scarcer, or de- 
teriorating with respect to the quantity of nitrogen they 
contain : and latterly the ammoniacal liquor has also been 
used in the manufacture of soda according to Solway’s 
patents. 

Messrs. Solway, the celebrated soda manufacturers, have 
in France made contracts with the Terrenoire Company for 
their whole production of ammoniacal water, which they 
themselves concentrate at the Bességes Works of the Terre- 
noire Company, and which they carry all the way to their 
works near Nancy, a distance of about 300 miles. 

It is also known that gas tar has during the last few 
years steadily risen in price. 

It would therefore seem desirable, from every standpoint, 
that such an extraordi waste should not be allowed to 
go on, whatever the practical difficulties hitherto standing 
in the way; the less so, because in this case, as in so many 
others, the utilisation of the bye products, besides being 
very profitable, reduces the evil consequences which the 
manufacture of coke creates in its vicinity. 

We would, in this regard, refer to the evidence taken 
before the Royal Commission on Noxious Vapours in 1877, 
the report of which says that “‘all vegetation near coke 
ovens conducted on the older method suffers severely. The 
growth of trees is checked or destroyed, fences are killed, 
crops of every description are injured, cattle suffer, and 
upon many occasions the effect of the vapours emitted by 
coke ovens is terrible.’’ 

Under the older method of manufacture, the coal is con- 
verted into coke in what are called from their shape ‘‘ bee- 
hive’ ovens. Mr. I. Lowthian Bell has estimated that in 
the counties of Durbam and Northumberland alone about 
6,000,000 tons of coal are annually converted into coke, 
giving off 2,000,000 tons of volatile ients, which con- 
sist of tarry matter issuing immediately after the oven is 
lighted, and of hyd which are converted into 
carbonic acid, giving off considerable quantities of smoke. 
The quantity of sulphurous acid eccaping into the air of 
that district is estimated at 60,000 to 80,000 tons. 

The firet palliative su; poet maine yee Lrg 
for the purpose of carrying the smoke and fumes from t 











ovens to such a height as to secure a large amount of | products 


dilution. To this expedient thousands of objections 

said Mr. Lowthian Bell, ily raised ;. ‘‘ the coke-was 
bad, the yield was bad, and so on.” Then the high price 
of coal s ted that the heat which was allowed to 
cscape into the air might be utilised by being carried under 
the boilers, thus effecting a large saving in fuel. This was 
done by carrying a large culvert or flue between the ovens, 


* Paper read before thd Iron and Steel Institute. 








The smoke and heated gases were 
is flue, the intense heat having the effect 
consumption of those pomae® Speliciee of 

consists. The heat s amply for 
boilers, while the sulphurous gas was 

remained of the smoke into a high 
: diffused them through the air that in 
their diluted form they inflicted little or no injury on any 
species of vegetable or animal life. This process was 
found to be decidedly economical when the price of coal was 
high, and it has been widely adopted in the North of Eng- 


Royal Commission already referred to came to the 
conclusion that all coke ovens should be placed under in- 


spection. 

Considering all the circumstances just stated, we hope 
to have made out a case for the desirability of a process 
which, while doing away with most of the nuisance, 
economises large sums of money, increases the quantity of 
— _ that, too, without in the least deteriorating the 
q . 
We are aware that, to es the words of the distin- 
i witness before the Royal Commission whom we 

ve named, ‘‘ upon this occasion, as upon every 
other new proposal, many objections will of course be 
raised ;’’ but we feel none the less confident that prejudice 
will oo be overcome, and that the excellent results 
now achieved abroad will and must, sooner or later, be 
achieved in this country as well. 

be are also om trials with a somewhat similar 
system were made in this country a good many years 3 
but we hope that, painstaking and expensive as these trials 
seem to have been, they will not now be considered as final, 
when greatly improved means of reaching the end aimed at 
are put before the public. 

According to our system, the coal is rapidly carbonised 
by subjecting a comparatively thin layer of it to a high 
temperature in a closed and retort-like vessel, and whilst 
in the beehive ovens the volatile products are burned inside, 
we burn them around the outside of this retort-like vessel, 
and only after they are deprived of the tar and ammoniacal 


liquor. 

Each oven is in the form of a long, high, narrow chamber 
of brickwork, and a number of these are built side by side, 
with partition walls between them sufficiently thick to 
contain horizontal flues. Flues are also formed under the 
floor of each oven, and at one end of these is a small fire- 
place, consisting of a te and ashpit with suitable 
door, the firedoor having fitted above it a nozzle, through 
which gas produced from the coking is admitted, to form a 
flame over some fuel burning on the grate. Only a very 
trifling amount of such fuel consisting exclusively of 
the small refuse coke, is used here, its function being 
— more that of igniting the gas than that of giving off 

eat. 

These grates are not charged with fuel more than twice 
every 24 hours when in regular work. 

The products of combustion pass from the fireplace along 
a flue under the oven floor to the end farthest from the fire. 
They return along another flue under the floor to the fire 
end; they then ascend by a flue in the ition wall to the 
uppermost of several horizontal flues formed therein, and 
descend in a zig-zag direction alone these flues, finally pass- 
ing into a horizontal channel leading to a chimney. Thus 
the coke oven is heated not only at the bottom in the 
usual manner, but also evenly at the sides, and the coal 
gga it is charged becomes rapidly and completely 
coked. 

No air is allowed to enter our ovens, which, in reality, 
are closed vessels, with the exception of the openings for the 
escape of the volatile products. 

In the beehive and similar ovens, coking cannot be carried 
on without a considerable quantity of air being admitted, 
during a certain period, at least, of the process. Coking 
under such conditions, therefore, is carried on at the ex- 
pense of the combustion of part of the coke made. We 
admit no air and burn no coal or coke; hence we have a 
greater yield of coke, amounting up to say 75 per cent. of 
the coal charged. At the same time, the coke produced by 
us must obviously be purer than that produced in the bee- 
hive class of oven, for the quantity of ashes and impurities 
éxisting in a given ton of coal will in our case be contained 
in a larger quantity of coke than in the case of coke made 
in the beehive oven. 

The improved ovens are fed with coal by openings in the 
roof, over which coal trucks are run on rails ; and the coal 
is evenly distributed by rakes introduced at end openings 

rovided with doors, faced with refractory material, which 

joors are closed and kept tightly luted while the oven is in 
operation. ‘The feed holes in the roof are also pro 
with covers. Through the middle of the roof rises a gas 
pipe provided with a hydraulic valve, which closes the 
passage by a lip projecting down from it into an annular 
cavity suena g its seating, in which it is immersed in a 
quantity of tar and ammoniacal ener lodged there ony 

revious distillations. The volatile products of the 

istillation rise by the gas-pipe, and are led ng @ range 
of pipes k aaa external wetting, so that the tar and 
ammoniacal liquor condensed and separated from 
ae emily ak thems, kee peodacls depends, of 

e quantity , of course 

mostly os the nature of the coal used. ‘ The richer the coal 
is in bitumen or gas, the greater the value of the bye- 


Much also on the proper conduct of the temper- 
ature at the different stages of the coking process, for it is 
quite possible to obtain even from the same coal different 
Gaimeonel quantities, and qualities both of the coke and 
the bye-products. Practical experience must in each case 
determine what is best adapted to local requirements and 


It is not my intention to occup time by a detailed 
my in our a 
description of the manipulation of the bye- The 
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TABLE OF AVERAGE RESULTS OF OvEN3s ON THE Catves SysTeM AT THE Besseaes WORKS OF THE 

































































TERRENOIRE COMPANY. 
| 
— 1867. 1868. | 1869, | 1870.| 1871. | 1872.| 1873.| 1874,| 1875.| 1876,| 1877.) 1878.| 1879, 
Coal consumed ... eas in tons} 4, 4800) 329 | 14,641 |13, uss i 14,215 | 26,998 |30,057 | 35,451 |45,331 |44,754 |41,797 |46.900 
Number of coke ovens ... 25 25 25 53 85 85 t 96 
Coke produced “in tons a o78 | | 9,054 | 9,575) 9, 79 9, 700 9,297 |18,820 |20,763 | 24,462 | 31,720 | 31,065 29,166 | 33,092 
a ti of coke r oven, and r 
> ge 4 Pe in Rn 120 365 | 385 | 375 | 330] 375 | 355 | 390; 386 373 | 365 355) 344 
Tar wobtained eo mo i o 74 263 296 7 | 267 228 | 458 562 | 585 | 778 766 851 | 1,099 
iacal liquor btained ioe oe 60 1,073 | 1,120; 1.113] 979 794 | 1,683 | 3.266) 3,214) 4,459| 4,396 | 3,995) 4,393 
Sulphate of ammonia made®* ... ee -— | 60 50 46 42 67 113 | 97 158 172 122 
Yield of coke according to books per cent.| 63.5 | 63.2 | 65.3 | 66.7 | 66.7 | 65.2 | 697 | 69.0 | 69.0 69.9 69.4 | 698 | 70.5 
Yield of coke after dedaction of water con- | 
tained in washed coal... per cent.) 67.2 67.2 | 69.8 | 69.8 | 70.5 | 69.5 | 73.0] 730) 734) 744) 738 | 742] 75§ 
Tar per tcn of — in kilos.| 15.6 } 17.6 | 20.0 | 17.0| 18.3 | 160; 170] 186 | 165) 17.1 | 17.1 | 20.4] 234 
oon 243 | 29.0 | 30.0 | 25.0) 274 | 247] 25.7 | 27.1 | 240) 245) 24.7 | 29.2] 83.2 
Ammoniacal soar per ton of coal ... | «. | 75.8 | 76.0 | 73.0 | 66.9 | 55.7 | 62.5 |1085 | 91.0 | 98.3) 982 | 95.6 | 93.6 
coke ... we | 1180 | 117.0 | 109.0 | 100.4 | 85.5 | 94.1 | 157.0 | 182.0 | 140.6 | 141.8 | 137.0 | 132.7 
ll fuel cunaumeed under a gs r ton - | 
= le ée nt kilos. | 46.0 | 28.0 | 16.0] 17.0 | 186 | 20.3] 21.4) 227); 115] 11.0!) 16.2/ 15.9 
* The makiog of sulphate of ammoniaiwas given over im December, 1878; since then the ammoniaca liquor is soid direct. 


+ During the first eight months of 1875, 53 ovens were at work, During the four last months of 1875, 85 ovens were at work. 
t During the four first months of 1878, 85 ovens were at work. During the four second months of 1878, 53 ovens were at work 


During the four last months of 1878, 96 ovens were at work. 


§ Yield calculated after deduction of the water contained in the coke as well as of thaf contained in the coal after it is washed. 


STATEMENT OF THE CosT OF CONSTRUCTING ONE HUNDRED CoKE OVENS ON THE CARVES SysTEM AT TERRE- 
NOIRE, FRANCE. 
(1 Cubic Metre=1.3 Cubic Yard.) 











Number | Price per 
—_— of Cubic | Cubic Total, 
Metres. | Metre. 
MASONRY. franos. | francs. 
1. Gums —> including 
4 ‘out foundation -| 660 87 20 1,821 75 
Diesng ooo ..| 808 75 12 0 9,645 0 
~~ stones .. | 100 0 ll 0 1,100 0 
eee «| 1828 82 2% 0 45,720 50 
Probrick -.|1858 0 90 0 | 122,220 0 
2. Discharging Platforms 
Digging out pte tion .| 32 0 20 64 0 
Rough stones . eco one 6 40 ll 0 70 40 
Dressed stone . e-| 640 60 0 384 0 
Red brick 79 40 2% 0 1,985 0 
3. Four Chimneys : 
Digging out foundation | 9401 20 188 0 
Rough stones .., die «| 7710 11 0 848 10 
Red brick oes ove ..| 340 08 25 0 8,502 0 
Firebrick ae 16 28 90 0 1,465 20 
4. Flues to Beale’s Echauster, 
Pumps, and to Condens- 
ing Pipes 
Digging out foundation 274 55 20 549 10 
Rough stones ... 119 49 ll 0 1,814 40 
Red brick coe een «| 28 45 25 0 711 25 
5. Bagine Bouse 
Digging out foundation ess| 277 81 20 555 60 
Concrete | 55 1 12 0 661 45 
ey stones . 143 85 ll 0 1,582 35 
Red brick 18 72 2% 0 468 0 
6. Foundation for E 
Digging out foundat: ae 54 93 20 109 85 
Concrete eco 27 48 12 0 329 75 
Red brick 18 59 25 0 464 75 
Dressed stone .. 3 36 60 0 201 60 
7. Foundations for Beal’s Ez- 
tractors : 
Digging out ——— 3 70 20 7 40 
Concrete o 2 69 12 0 32 30 
Rough stones . ese 324 ll 0 35 65 
Dresged stone .. 1 60 60 0. % 0 
8. Pump Foundations : 
Digging out a 1 65 CB 3 30 
Concrete ee 1 65 12 0 19 80 
Rough stones ... eee < 3 04 li 0 33 45 
Dressed stone .., to ove 1 86 60 0 111 60 
9. Masonry under Engine 
Floor: 
wey -o. ot 2 23 ll 0 24 55 
Red bi 3 03 25 0 75 76 
10. mene ie clas eile 
Digging out foundation . 88 34 20 176 70 
Rough stones .., 27 78 ll 0 305 
Red brick 36 89 25 0 922 25 
Firebrick . ll il 9 0 999 90 
11. Teed Water Tank : 
2 % 25 0 56 26 
12. Pre <n 
Digging out ~ ; ages 17 01 20 a 0 
Rough stones . va 26 47 ll 0 291 15 
Red brick ° 8 43 25 0 210 75 
13. Settling Tank : 
Digging out foundation 100 10 20 200 20 
Rough stones ... <6 26 32 ll 0 289 50 
Red brick 1 75 25 0 43 75 
14. Condensing Tank : 
Digging out foundation 70 68 20 141 35 
Rough stones ... ‘a 1 48 11 0 16 30 
Red brick ooo one 0 68 25 0 17 0 
15. Other Tank: 
Digging out foundation 8 68 20 7 3 
Roogh stones ... 23 16 lo 254 65 
Red brick 1 71 25 0 42 76 
16. Tar Reservoir : 
Digging out maggapen 8 67 20 7 3 
se: ee x 11 04 li 0 121 45 
Red by ee oe} 0 75 2% 0 18 75 
17. Tank , 3 Ammoniacall| 
ater : 
Dixging out foundation 3 67 20 7 35 
Rough stones .., 12 23 ll 0 134 55 
Red brick 0 75 25 0 18 75 
18. a woes. §e., for Regus 
House : 
Tim ber for bouse and shafting}| en m. 800 0 
4 windows and 2 dours we es 304 65 
Painting ees ooo oes ee ose 455 0 
Glass... eee ont exe oon pee 78 0 
‘Liles mr aie one oes oe ost 208 0 
Fixing .. see = ene me eee Sete 165 0 


























i Quanta ro | 
per otal, 
Kilos. 
kilos. francs.| francs. 
RAILWAY Lines, Doors, AND 
FITTINGS. 
19. Railway Lines: 
ils and chairs woe 10,780 25 0 2,695 0 
Stone underchairs 15,050 pos 210 0 
20. Doors: ; 
Cast iron 30,380 25 0 7,595 0 
Wrougot iron 5,200 30 0 1,560 0 
21. Fittings : 
Wrought iron ... 33,334 30 0 10,000 20 
22. Disowne Machine or 
Machine for li ited coke 
from ovens . 2 oss ooo 12,000 0 
Saou 12 7 0 840 0 
sos = es 7 12,10 2 0 3,025 0 
Onairs ose eco eee os 2,25 2 0 562 50 
Laying lines. and fixing ma- “—* 
23. Apparatus used in Col. 
ting fapportlag the var 
w boxe the valve 
xes, cast cco ieee} 21,000 || 25 0 5,250 0 
the valve 
es,castiron ... we] 2,490 2 0 622 50 
Valves boxes with covers, 
castiron 19,000 | 25 0 4,750 0 
Vaives with rods and keys, 
cast iron eee 1,000 25 0 250 0 
oun, one iron’ ooo 3,700 2 0 925 0 
Nozzles, cast iron 2,900 25 0 725 0 
fronts and. “doors, 
cast iron... ent e»| 35,700 2% 0 8,925 0 
Plage fr top eh 13,200 25 0 3,300 0 
ngs ‘or w ep charging holes, 
9,000 | 2% 0 2,250 0 
owe home cast iron” ll, 500 | 25 0 2,875 0 
Pipes cond gas back 
under furnace, cast iron .. 9,000 | 25 0 2,250 0 
Pipes vecstving 5 gas from the 
ovens, castiron ... 28,000 | 25 0 7,000 0 
Return gas pipes to furnace, 
mt ty engine, 15-in. cylin- = of ee 
e, - 
der, 31} in. stroke . nd os 25 0 | 15,000 0 
2 Field oe with fittings ee 2% 0 as ; 
2 Boal sextensters dn ne ee 5,000 0 
12 Scrubbers . am se 12,284 15 
1 Water tank . 420 50 0 210 0 
2 Safety boxes, “cast iron 2,000 | 25 0 500 0 
pa Re 1,400 | 25 0 350 0 
Lead for joints... 7,693 | 40 0 3,077 20 
6 Wrought iron tanks, each 
60 cubic «| 17,940 | 65 © | 12,8381 0 
Pulleys, cone s, bear- 
ings, gearing, pinions 
for yay ane fron ...| 2,547 |100 0 2,547 0 
Brass for bearings 230 4 50 1,035 0 
Wronghtiron work for shaft- 
os = oee| =, 9895 [00 0 1,395 0 
a ‘Leather belts. 297 8 0 2,876 0 
1,828 80 0 1,462 40 
i between furnaces and 
exhausters and vice versd, 
Pipes for pumps, steam 
pipes, feed pipes, ) a for; 
cooling water, » Cast 
fron ... bee. | pum cen GERD 2 0 | 15,500 0 
i for joints, a - 
expenses (oil, , 
felt, laces, &.) ... ae ove * 2,400 0 
24, Scrubbers : 
Timber framing ose ++|25eub,m.)140 0 350 0 
“ Quartz .., v7 % -«-| 151,600 7 0 1,061 20 
a ~ Ovens and! 
other Appa atus ove woe ee 9,800 0 
26. Sundries ws see nes ove : 500 0 
Total ose o 384,884 30 
Or 16,3954. 














eo 


it 
ata of the ovens, 


jose used pope oh is more re 
preferable to extraction by the natural aaa of the 
chimney only, as the latter to wind 


from the oven, some trucks full of coal are placed ready on 
the saioasng tant along on the top of the ovens and over 
the charging 


seg Soa Ot ogeby BR hk sad TR gh 
| meas a ¥ an " is 
pushed out at the beck of ton’, Negfoes ps ph to the bank 


means of a ram or piston, worked by a portable steam moh 

running on rails in front, and similar to the well-known 

ent used with the Coppé ovens. The ram can be 

co each oven in turn. The coke is then 
quenched as 


ae gi Quenching. —This operation should be per. 
formed care oe eee coe ae On the one hand, Phe 
be extinguished Wms ree ag = ot the 

oven, be e as avoi 
. by actual colah bags Galt, ou tee on the other hand, care 
= ones taken not unnecessarily to saturate the coke with 


"The coke produced in such ovens, side by side with other 
systems and — of the same coal, is decidedly superior, and 
on meget by the blast furnace managers. Similar ex- 
oa A has been communicated to me from the Ebbw 

ale Company with regard to the coke from their ert 
ovens, which, as ly mentioned, have very much the 
same shape oe size as ours. 

Immediately ufter the discharge of an oven, the top open- 
ings are opened, the coal from trucks emptied into the hot 
oven and raked ‘level ; the doors aud top openings are then 
closed again, and the a Queaees began afresh. 

The operations ischarging and refilling, when well 
Pa an gm need se take more than from ten to fifteen 
minutes. 

The Terrenoire Company in France originally introduced 
a modification of this process in the year 1867, and has 
since then, from time to time, increased the number of such 
ovens at their different works. Their proportions and con- 
straction generally have, during thoss years, undergone 
continued and considerable alteration and improvement. 

Many members of this Institute, on the occasion of our 
visit to the Terrenoire Works during the Paris Exhibition 
of 1878, observed the latest addition of a battery of a 
hundred ovens, which, however, at that time had not os 
beer put to work. They are now doing very satisfactory 
service. 

Experience has shown that a great deal depends upon 
the dimensions of the vertical sections of these ovens. 

At the outset they were made too wide and too low, and 
the density or hardness of the coke was, under such cir- 
cumstances, not such as was desirable. 

From a width of 6 ft. 6 in. we have gradually come down, 
until at present we recommend about 2 ft. only, and a 
height of at least 6 ft. to 7 ft. 

It is interesting to notice the benocficial effect upon the 
hardness of the coke which the reduction in width bas had. 

M. Jouguet, the director of the Bességes Works belong- 
ing to the Terrenoire Company, bas been good enough to 
_ for me the experiments spccified in the following 


. 
: 


Table showing Resistance to Crushing of Six different 


Kinds of Coke, experimented on by M. Jouguet, in 1880, 
at the éges Works of the Compagnie de l'errenoire. 
(Resistance per square centimetre in kilos.) 
centimetres. in. kilos 
1. Coke from nt ovens of 70 width (27,%) 66. 46 
2» oo i .72 
‘ », (9 rs 
ae Be sat game - 
5. ” me 3, 13 
6. ” Compe. ” 5v ” 80.50 


Nos. 1 to 3 show clearly that the hardness of the coke 
increases as the width of the oven (or the thickness of the 
layer of coal treated)  wthcawtsg 

We ascribe this result to the more intenze heat to which 
the coal or ceke is su by being, in narrow ovens, on 
= a nearer to flues in the vertical walls of the 


it i is, indeed, clear that when a large quantity of coal is 
heated in an oven, a rable time will elapse before it 
all can become heated to the same degree, aud that during 
that time the process of coking will be carried on at dif- 
ferent temperatures in different of the whole mass ; 
and it seems equally clear that it is easier to o)tain regular 
results with a thinner She eka which can be more 
readily-penetrated by-the heat, and maintained at the de- 
sired temperature. 

Our experience shows that not. aig the beng Wotabie 
the yield of coke are benefitted by this reduction in width. 
The greater vertical dimension of our —_ eo it 


avouralle in- 
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BOILER DRILLING AND TURNING MACHINE. 
CONSTRUCTED BY MESSRS. F. AND J. BUTTERFIELD, KEIGHLEY, FROM THE DESIGNS OF MR. JOHN DICKENSON, ENGINEER, SUNDERLAND. 
(For Description, see Page 396.) 


Fig. ye 
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COKE OVEN (CARVES SYSTE M) 
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hours. In the ovens of 3 ft. width, 60 to 72 hours are re- 


— 
system secures the whole of the fixed carbon in the 
culty aba vr en ch am tan in ey 
cen’ 
dered fie ei set 
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rs) 
1400 kilos. (3080 Ib.) of coal are car oven and 
Ley 24 hours, it follows that, taking about niet Rib ota of steam 


1 horse power hour, oven 
gives ves about ayy motive Loar and could be 


ven to give about orse power. 
At all th required in the manufac- 


autGiS X the manufacture was enateare, 
in favour of our ingroved system, which gives greatly 


one sees ere 
ere oan be no doubt that the present increased heating 
surface of our ovens is the pal cause of this change 
paced apmy be oe pve: 2 ee Se ee ee 
surface per goal charged was only 18 sau feet, 
spilled exclusively the sole 
ovens the heating surface per ton of coal charged 
amounts to about three times as much, namely, 54 ft., and 
surrounds almost entirely the charge of coal, which is 
much thinner than before 
It should also be taken into consideration that tar and 
sammatenatel SW Nore vue, aeeeetes feck. we rane 
since these trials were made a so that the advan- 
ee ee ee 
he coke made in our ovens. —— e same coal, 
and denser than that uced in beehives. 
, we may mention that the 


of the oven, in our 


Asa pain < of this- 
Reberds at at Cee bh Ebbw Vale re Werks) ree oe folds 
ovens at the 
the Coppé ovens are very much like those 


man’”’ may look with some 
on coke made in this way, as __ not that 
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of the ovens, but for local circumstances, 
as thereby the power of produc- 

, with almost no increase in the 
of working. 


ex 

Binch of there ovens tahes 0 ¢ of five tons of coal, 
and produces at the rate of from 1100 kilos. to 1400 kilos. 
(22 ewt. to 28 cwt.) of coke per 24 hours, according to 
the quality of coal used and the quality of coke re- 
quired. The time occupied by one operation with this size 
of oven is from 60 to 72 hours. It will be seen from the 
Tables on page 397 that the total cost of the plant for 
100 ovens is about 15,5001., or 1551. per oven complete, 
with all machinery and am for collecting the 7 
products, and including connexions, coke platforms, &c. 

There is no doubt that in England this sum would be 
considerably reduced, seeing that there are — 350 tons 
of rough castings, pipes, doors, &., all taken at 101. a ton, 
as well as a lot of other machinery, which would occasion 
much less expense in Ergland than at Terrenoire. Fire- 
bricks and lumps also are cheaper and better in this 
country. . 

The repairs of these ovens are—care and efficiency in the 
first establishment being presup —very low. At Terre- 
noire oy are given as three-halfpence per ton of coke, 
which will compare very favourably with those incurred in 
other systems. At Bessdges, where there are a lot of ve 
old ovens, the cost of repairs, materials and labour included, 
stands now, acccording to the very exact accounts of 
M. Jouguet, at under fourpence per ton of coke made. 

The principal repairs are the renewal of firebricks over 
the grates in the sole of the ovens, and the cast-iron doors, 
which crack and break after a time. We have it, besides, 
on the authority of Mr. E. Windsor Richards, that the 
Coppé ovens (which in their nature and dimensions mach 
resemble ours) established by him some years ago at Ebbw 
Vale, required very little repairs, and recent special infor- 
mation gathered by us shows that this desirable state of 
things still continues. 

Our own experience at St. Etienne, Terrenoire, and 
Bességes is precisely similar. ih Cag 

Carefal and exact construction in the beginning is of 
course essential. All joints between the refractory material 
should be as narrow as possible. So important, indeed, is 
this considered to be, that at Bességes the joining surfaces 
of all the ial refractory plates and bricks have been 
carefully cut by hand. 

It was found that the extra expense thus occasioned was 
amply rewarded by almost entire absence of repairs for 
long periods. 

or similar reasons first-class refractory material only 
should be used. 

The last lot of ovens established at Bessdéges in August, 
1878, has not = required the slightest repairs. Much, of 
course, depends upon the temperature employed during the 
process, which, in its tarn, depends upon the kind of coai 

ed the dimensions of the ovens. Narrower ovens 
with, more rapid carbonisation are subject to higher 
temperatures. The temperature employed should increase 
with the decrease of volatile matter in the coal to be coked. 

Coal per in volatile matter ought to be coked as rapidly 
as eand ata high temperature.* 

xperience goes to show that after the first two years or 
80, each oven may on an average lose one or two days a 
year through repairs. It will, therefore, be seen that 
although the original cost of our ovens is large, the outlay 
4 repairs is very much smaller than in the beehive and 
others. 
The a of bye-products have already been 
about » Os pes Sam ‘aking also into account the 10 to 
15 per cent. of increased ~ and the greater purity of our 
coke, the total gross profits may certainly be roughly taken 
Ld per ton over and above the usual profits of coke- 

ing. 

Now, as each of our ovens produces per year say 360 
tons of coke, it yields an extra profit of about 901., so that 
the increase of first cost is amply sovered in a compara- 
tively short period. 

At Terrenoire the number of workpeople employed on a 
battery of a bundred ovens, producing over 100 tons of 
coke per day, is 48 per 24 hours. This includes two fore- 
men a ¥? — for oe pa w - 1 frs., 
or say 71. . per day, being a rate of say ls. 6d. per 
ton of coke Sep labour. 

On the other hand, the cost of producing the coke is 
given by M. Jouguet of as about 3 frs., or say 
under 23s. 6d. per ton, including all labour and materials 
and the cost of re; \. 

To sum up, we ik we 

evidence given, claim the follo advantages, viz. : 

1. Greater yield of coke by about 10 per cent. 

2. Greater purity of coke. 

3. A yield of about 4s. worth of useful bye-products per 
ton of coke. 

4. An almost entire absence of smoke or noxious 


vapours. 
. In comparison with other existing system of coke 
ilising the heat, and a reduced 


ovens, equal facilities for u 
cost for rs. 

The first Table on page 397 shows the results obtained by 
the ovens at Bességes during the last twelve years, and up to 
the end of last year. 

* The difference of opinion of coke manufacturers on 


The 
would en ah greater, 
tion per oven is i 


iven as 





very important points seems striking, as the following short 
pine Aw. will show: Mr. A. B. Cochrane, of Dudley, read i 
before the Institation of Mechanical ineers a 


, on the results achieved and in 





ENGINES OF THE SS. “GRECIAN.” 

We publish this week a two-page engraving giving 
general views of the engines of the s.s. Grecian, con- 
structed by Messrs. William Doxford and Sons, of Sunder- 
land. We shall in early issues give engravings of a 
number of the details of these engines, and for the 
present, therefore, we postpone the description. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Chatburn and Hellifield Extension Line. —This extension 
of the Lancashire and Yorkshire Railway will be -— 
on the ist of June. It was approved on behalf of the 
Board of Trade by Major Marinden, C.E. The new line 
commences at Chatburn and runs to Hellifield, where it 
forms a junction of the main line of the Midland system to 
the North, at a point about half a mile north of Hellifield 
station. The first sod was cut on the 8th of May, 1874, by 
the late Lord Ribblesdale. 


Wortley and Leeds Extension of the London and North- 
Western Railway.—Messrs. Naylor Brothers are the con- 
tractors for this extension. and notwithstanding the heavy 
character of the work, hope to complete their contract 
within two years. Of the three-quarters of a mile of viaduct 
which commence at the new station nearly one-third has 
been completed. In the work Leeds bricks have superseded 
the Staffordshire blue bricks, the former being found to 
be cheaper and to stand a greater amount of pressure. The 
work is being carried on under the superintendence of Mr. 
H. C. Findlay, the company’s resident engineer. 

Engineers’ Trades.—The axle and tyre departments are 
very _ in South Yorkshire, but the engineering trades, 
as a rule, have during the past fortnight shown symptoms of 
stagnation. Few fresh orders are coming in for machine 
work, as some of the iron and steel works are again ceasing 
—. In the ensuing week there will, however, be 
changes affecting both employment and wages. 


NOTES FROM THE SOUTH-WEST. 

The Avonmouth Docks.—The goods traffic of the Mid- 
land Railway Company bet Av th Docks and St. 
Philip’s Station, will be carried by a shorter route than at 

resent, through an ent with the Great Western 
Railway Company. Instead of the trucks having to go vid 
Fishponds, they will ran from the Clifton Extension Rail- 
way tothe Midland system by means of a new connecting 
line. It is probable that before long passengers will be 
carried by this route. 


Cardif.— Business at this port during the week has been 
brisk, although last week’s coal exports showed a decrease 
of 6984 tons on the previous week. The demard for the 
better kinds of steam coal was good, as also was that for 
No. 3 Rhondda. Prices, however, showed no improvement 
although several large contracts were booked for forward 
delivery at present rates, which remained . French 
orders for this article were rather better, and it is expected 
that this important branch of local exports will ually 
improve. Coke orders were not numerons ; prices, how- 
ever, were firm. Iron orders were few, but still most of 
the manufacturers have large con finish 


Swansea.—The tone of the steam coal trade of this port 
may be considered to be more healthy ; not that any advance 
in price has taken place, but the market is firmer, and it is 
generally considered that the lowest price has been reached, 
and that the next change must be an advance. 


Coal on the Taff Vale Railway.—The Taff Vale Railway 
had more coal sent down the main line and various branches 
in a than in any previous month. The excess of the 
April coal traffic over the highest coal traffic of any previous 
month was 25,000 tons. 


Monmouthshire Railway.—A public meeting was held 
at Newport on Wednesday to consider the question of the 
amalgamation of the Monmouthshire Railway with the 
Great Western Railway. A resolution was carried asking 
the mayor and corporation to assist and support the 
Midland Railway Company in their efforts to obtain i 
— over the Monmouthshire Railway for through 
traffic. 


Stroud.—Mr. Morgan, C.E., an inspector from the 
Local Government Board, concluded on Wednesday in- 
quiries into schemes of water supply for the 
pee of Kingstanley and Stonehouse. r. Morgan 

eld a sitting at the People’s Hall, Kingstanley, on Tues- 

y- Sus ohare poapeens is So tahe Saker Som 9 cream 
head, store it in a , and supply it by iron pipes. There 
are no engineering difficulties, and the total cost is 8001. 
The rating area is of the value of 14001., and a 7d. rate for 
pepe ho ndhyenl «fw Secagy Ppl same was 
no opposition to the scheme, but a ae gre | difficulty 

mted itself. Under the Public Health Act no works 
or water supply can be undertaken by a district if a com- 

is in existence able and willing to supply water. Two 
or ago a 8 ive company called the 
‘Stroud Water Company’”’ was formed, with powers to 
supply the whole borough. It has never done anything, 
be ny age Ty ae have to fact. 














,» on the merits, the scheme of Board of 





upon the chairman of the guardians (Mr. Dorington) with. 
drew their scheme, and it was understood the otber would 
be recommended. As to the drainage scheme suggested, 
the only controversy was as to the boundaries. The area 
as defined by the board was regarded by many as too confined, 
and its extension was proposed. This was mg by some 
of those pro to be incladed, but ultimately a resolution 
in favour of a area was carried. Mr. Morgan will 
report to the Local Governmont Board, who will authorise 
such schemes as he may recommend. 


Newport.—The trade in iron ore seems to be as brisk as 
ever. it week 14,725 tons were landed, being an increase 
of 2257 tons on the previous week. American iron freights 
have receded tosomeextent. The exports of iron last week 
amounted to 5961 tons. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—To-day there was a very 
thin attendance on ’Change at Middlesbrough, and next to 
no business was done. It was found that Messrs. Connal 
and Co, the warrant storekeepers, Middlesbrough, had a 
stock of 82,710 tons. Prices were again easier, No. 3 Cleve- 
ig being quoted 36s. 6d. per ton for prompt delivery, 

and 37s. for forward. It is believed that as wages diffi- 
culties in Scotland have been arranged there is not likely to 
be any diminution of production there for the next six weeks, 
and as the demand for pig iron is not brisk it is anticipated 
pe sy er that prices will further recede. ean- 
while the Cleveland ironmasters are not anxious to book at 
present quotations and continue operations in the hope that 
they will be able to carry on a remunerative business. Two 
of the Middleton blast furnaces at Fighting Cocks, near 

i , are being blown in. 


The Finished Iron Trade. —There is not so much inquiry 
in the finished iron trade, and the keen competition in the 
North of England keeps down prices. Manufacturers 
quote plates 7/. per ton, bars and angles 61., and puddled 
bars 41. per ton. Most of the works, however, manage to 
keep in operation. 

Engineering and Shipbuilding.—In the several iron- 
making towns on the north-east coast both shipbuilders 
and engineers continue fairly well employed. Some splendid 
steamers are being turned out on the Tyne and Tees. 
Bridge builders have a tolerable amount of work on hand. 
The Tees Iron and Engineering Company (the resuscitated 
firm of Hopkins, Gilkes, and Co.), Middlesbrough, have re- 
ceived a large bridge order on Indian account. 

The Steel Trade.—The steel makers in the Cleveland 
district are busy. open zamen, M merged and Co. 
are progressing rapidly wi e completion of their great 
new plant at Eston, and Mr. Muller 1s ushing forward the 
extensive alterations which he is ing at the Erimus 
Works at Middlesbrough in order to adapt them to steel 








EXPLOSION OF DYNAMITE NEAR PRAGuzE.—A corre- 
spondent at Prague writes us as follows : ‘‘ About five miles 
to the north of (Bohemia) on the borders of the 
River Vitava (or Moldau) there are situated the dynamite 
works of Messrs. Nobel and Co. The works are built in a 
deep valley enclosed by hills which serve as a protection to 
the surroundi i . Since the large explosion which 
occurred in 1871, when thirteen lives were lost, every pre- 
caution was taken to prevent the recurrence of a similar 
catastrophe. The y is transversely crossed by two 
strong embankments, by which the es' hment is divided 
into three parts. In the first part, between the river and 
the first embankment, there are the workshops for pre- 
paring the “‘oil,’’ besides the house of the manager and 
some auxiliary workshops ; in the second part, between the 
embankments, are the mixing huts and the filling shops ; 
in the third part, behind the second embankment, the 
store-houses are situated. The valley is carefully watched, 
and no person not belonging to the works is admitted, 
In the second part every hut is enclosed by special pro- 
tecting embankments some 16 ft. high, and 10 ft. wide 
at the base, tapering to a width of 3 ft. at the top. 
As a matter of course, no fire or light is ever admitted 
to the huts, all work being done in daytime and the rooms 
being warmed by steam. On the 14th of January last, at 
@ quarter ony ten in the night, a violent explosion occurred 
at one of the mixing huts in the second part of the works. 
The quantity of dynamite in this hut was about half a ton, 
No.1. The hut was, of course, totally destroyed, but the 
ey did not spread, the as mae hemes proving an 

protection. Nevertheless, a r arose from a 
cause scarcely suspected before. The grass in the 
vicinity of the hut took fire (there being no snow just then), 
and if the men had not succeeded eeeeee ee See 
before it had reached the next hut, explosion would 
have taken far greater di ions. Fortunately no life 
was lost. At Prague, however, at a distance of five miles, 


the report of the was heard, and most 
of the houses were violently shaken. e cause of this 
i ; out. Probably it was caused 
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NOTICES OF MEETINGS. 
INSTITUTION OF CIVIL ENGINeERS. — Tuesday, May 25th, at 
8 p.m. Discussion: 1. “The Manufacture ard Testing of Portland 
ge by Major-General H. Y. D. Scott, O.B., R.E., and Gilbert 


rave, Assocs. Inst.C.E. 2 “Portland Cement Concrete, 
and some of its Applications,” by Edwin A. Bernays, M. Inst. CE. 
3. “ Portland Cement; its Nature, Tests, and Uses,” by John 


Grant, M. Inst. C.E. 

Tar Society or TeLecraPa ENGINEERS. — Wednesday, 
May 25th, at the Institution of Civil Engineers. Council 
Meeting at 7 pm, Ordinary General Meeting at 8pm. “A 
Decade in the History of English Telegraphy,” by Edward Graves, 
Hon. Treasurer. 
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THE DURABILITY OF GUTTA PERCHA. 

THERE are not many raw materials which have 
had a history so peculiar and important as gutta 
percha. Little did the English doctor, who while 
travelling in the Indian Archipelago in 1838, first 


observed the material in the form of an aboriginal | 


axe-handle, dream that in the short space of twenty 
years it would become the means of enabling the 
old world to communicate with the new by means of 
the Atlantic telegraph, that highest triumph of 
human science. 

It is perhaps not generally known that the 
probable value of gutta percha for telegraphic pur- 
poses was first suspected by Dr. C. W. Siemens, 
who happened to be present at a meeting of the 
S »-iety of Arts in 1845, when it was first brought to 
}.ngland, and he despatched a sample of it to his 
brother, Dr. Werner Siemens, of Berlin, to get its 
ekctric qualities thoroughly tested by the rade 
methods then available. About the same time 
Faraday examined the substance, which as our 
reiders are doubtless aware is the juice or gum 


of the Isonandra tree. Faraday found it to 
excellent insulating properties, while its 
readiness to melt at a comparatively low tempera- 
ture, and its pliability and consistency when 
cool, marked it out as an insulator for telegraph 
wires laid either under ground or under water. 

It was soon found however that the exposed 
surface of gutta percha covered wires laid under 
water became soft.and gummy. Moreover, under- 
ground wires were subject to decay and consequent 
loss of insulation, especially in the neighbourhood 
of oak trees ; and a fungus was observed to make its 
ap ce at these defective places, the probability 
being that the fungus and the decay proceeded from 
the same cause. The experience of cities shows 
that wherever the gutta percha covered wire is ex- 
posed to the air or moisture, and to changes of 
temperature, as at the joint-boxes for example, it is 
liable to decay ; and hence it is the practice now to 
sealthe'joint-boxes rater pee BN seg Light- 
ning, too, is a frequent source of damage to under- 
ground wires, connecting aérial lines to offices; and 
in order to prevent its depredations lightning guards 
are ‘aionttedl at the junction of the overhead and 
underground wires. 

Rats, mice, and ‘‘ such small deer” are in the habit 
of nibbling the gutta percha wires when they get 
into the pipes containing the latter ; but quite re- 
cently a fa more dangerous enemy, in the person of 
a minute insect, has been detected by Mr. W. H. 
Preece, chief electrician to the Post Office, as was 
recounted by him at a recent meeting of the Society 
of Telegraph Engineers, 

For some time past the underground wires have 
failed in certain localities, for instance, London, 
South Wales between Chester and Holyhead, 
Dublin, and near Manchester. On examining the 
faulty wire, Mr. Preece found it beset by a small 
white insect scarcely visible to the naked eye; but 
which, under the microscope, very closely resembled 
a tiny white flea. Being provided with a kind of 
leaping pole or spring under the abdomen, it is able 
to spring about in the lively manner characteristic 
of its more civilised congener. Mr. Preece sub- 
mitted one of these creatures for examination to 
Sir John Lubbock, an eminent authority in such 
matters, and he at once pronounced it a Templetonia 
crystallina, belonging to the Produra family. This 
family is well-known to microscopists ; since a black 
member of it, the water flea, sometimes seen leaping 
about on roadway pools after rain, usually furnishes 
them with the scales which are employed as a test of 
the magnifying power of the microscope. Indeed the 
very insect in question, the crystalline variety, is a 
still more delicate test of microscopic powers. It is 
found abundantly in Kent, as Mr. Latimer Clark in- 
formed the meeting, and ordinarily lives on decaying 
vegetable matter, such as old leaves. 

he fact that the Templetonia crystallina infests 
the wire at faulty places is not the only reason for 
believing these insects to be the cause of the faults, 
Examination of the wire shows it to be all bitten 
and nibbled away wherever it lay exposed to their 
attack, and on the other hand the underside of the 
wire, where it rested on the pipe containing it, is 
und to be untouched. Moreover, the body of the 
ttle animal is quite transparent, and it is, therefore, 
possible to see the dark crumbs of gutta percha, or 
what seems to be gutta percha, lying in its stomach. 

Fortunately the _ affected by the Templetonia 
are as yet few and far between, nevertheless it will 
be expedient to provide a means of stopping the 
ravages of the animal in future ; and it may, there- 
fore be necessary to encase the wire in a pipe of 
lead. Perhaps there is some truth in the su ion 
of Mr. Truman that the previous decay of the gutta 
percha from exposure to the air or other causes 
enticed the insect in the first place to eat it, and 
that were this primary cause removed the Temple- 
tonia would cease to molest the wire, 

Gutta percha is so valuable in the arts, especially 
telegraphy, that, as the supply is ever getting 
scarcer, it is highly important to find means of pre- 
serving it from decay. Why it should decay on ex- 
posure to the air is not yet well understood; but it 
appears to suffer from oxidation. In chemical con- 
stitution it is a hydro-carbon (88 per cent. carbon, 
12 per cent. hydrogen) containing very small per- 
centages of oxygen, resin, and impurities. Mr, 
Traman has long been engaged in studying the 
causes of its deterioration, and he appears to have 
solved the problem at last, for he hinted in the dis- 
cussion following Mr. Preece’s that 
not at liberty to reveal the matter then, he would 





make bold to say that very soon we should know the 





true reason why gutta percha decayed; and con- 
a enabled to prevent its decay. 

this as it may, experience has clearly demon- 
strated that if gutta perchais excluded from contact 
with the atmosphere, and from considerable changes 
of temperature, it remains practically imperishable. 
This is mainly proved by submarine cables laid on 
the bottom of the sea; but it is also found that 
underground wires of gutta percha wholly buried 
in close earth are as good at the end of years as 


when they were laid down. It is when gutta percha 
wires are laid in open pipes and joint boxes where 
the air enters that they decay. ires buried in clay 


would probably be as indestructible as those laid in 
water. 

This being so, the most obvious remedy is to ex- 
clude the airfrom wires. An interesting case of this 
kind of ‘water cure” was mentioned by Mr. 
Latimer Clark. Hitherto it has been the custom in 
laying the shore end of a submarine cable from the 
water’s edge to the testing hut or station, to simply 
bury it in a trench dug in the ground ; and we have 
seen this practice carried out even in tropical 
countries. Within the last year or two, however, 
Mr. Clark has introduced the plan (now carried out 
on nearly all the eastern cables) of laying the cable 
in a pipe kept full of water by means of a reservoir 
at the highest level. Another mode of excluding 
the air has been the application of prepared ta 
overlying the gutta perc con on of linen the ae 
in tar and paint, and tapes of lead and zinc have been 
tried, but the tar and paint injured the gutta percha, 
A more hopeful cover made by soaking tape ia 
melted ozokerit, blended with a little pitch, and ap- 
plied cold, so as not to soften the gutta percha, is 
now being tried by Mr. Bell; and as a contribu- 
tion to the subject Mr. W. E. Ayrton mentioned 
the fact that in the laying of an underground line 
near Vienna lately the gutta percha covered wires 
were deposited in a trough and completely imbedded 
in cement. 

In America, where the manufacture of gutta 
sat 9a has not been so well-developed as in Eng- 

d, it is not extensively used for underground 
wires, and the ingenuity of inventors there has 
tended to find substitutes for it in the ‘‘ kerite” core, 
and the mode of insulation devised by Mr. David 
Brookes. This consistsin wrapping the bare copper 
wire with clean unspun cotton or jute, and enclosing 
it in an iron tube which is kept full of purified 
paraffine oil by means of reservoirs giving a pressure 
sufficient to keep out moisture, for the oil alone will 
not doso, In order to get good insulation the jute 
should be free from vegetable acids and the oil from 
moisture. The wire is now largely employed by 
the Western Union Telegraph Company m i Ameri 
for telephone and other lines underground, or lai 
along the roof. In the latter case the wires are en- 
closed in lead pipes, and deposited out of sight, thus 
ee use of unsightly poles and iron wires, 
The insulation resistance of the wires is about 200 
megohms per mile at a temperature of 100 deg. 
Fahr. These facts were communicated to the meeting 
by Mr. Brookes himself, who is now in Euro 
trying his system in Brussels and Paris, In the 
course of his remarks he mentioned a curious fact 
which ought notto be omitted. It is that in work- 
ing these telephone lines, centring in telephone 
exchanges, the induction noises so troublesome in 
telephony, are found to diminish the greater the 
number of lines in operation. That is to say, if of 
the total number of lines proceeding from the ex- 
change only two are connected to the earth, and 
working, the induction will be far greater than if 
the whole lot were connected to earth for use. 





THE IRONFOUNDERS’ SOCIETY. 

Tue seventieth annual report of this Society, just 
issued, contains much useful information, and 
urnishes ample matter for thoughtful reflection for 

a e ro ge ag in social and meso eg 
uestions, especially in their bearing upon the in- 
dustrial classes. 

Of the year the report says that it was ‘‘ such 
a year of ip and trial for our members as it 
has never been our lot to experience, and we 
earnestly -_ that we shall never experience such 
another. e considered when we wrote out the 
address for the year 1878 that we had seen the 
worst we could be called upon to pass through ; but 
for sorrow, and want of work, 1879 puts it 
into the shade.” It goes on to say that‘ it has left 
behind it scars and marks which can never be 


effaced, Comfortable, happy homes have been 
















































402 





ENGINEERING. 








[May 21, 1880. 





broken up, ties of the most endearing character have 
been snapped asunder; husbands and fathers have 
had to leave wives and children, and wander from 
town to town, and even from one country to another, 
in search of work so as to be able to provide bread for 
those dependent upon them.” Something of this 
is attributed in the report to the efforts made to 
reduce wages, and increase the working hours; but 
much of the misery and want alluded to, was 
evidently due to the long continued depression in 
the iron trades, apart altogether from disputes, or 
causes of dispute, one way or the other. 

So serious, indeed, was the aspect of affairs at one 
time, that the issue of the annual report was delayed 
somewhat. The chief reason assigned for the delay 
‘*is that we were very short of cash, and it was as 
much as we could do to meet current ex ; and 
we were fearful of taking upon ourselves the fearful 
responsibility of a for printing what 
might be needed for .” Other reasons are 
stated, but practically they are all included in the 
single quotation given above, That the executive 
committee were fully justified in their hesitancy to 
incur additional liability, will be seen when we come 
to certain items in the expenditure further on. 
‘* But as the clouds have rolled away, and the sun 
has begun to shine a little, our fears are to some 
extent removed, and we are encouraged to go on in 
the ordinary rut, and get out our annual report as 
usual ;” thus speak the officers of the Society, and 
the result is before us. 

The report for 1879 consists of 184 pages; of 
these 87 are devoted to branch reports and accounts; 
24 to an epitome of the year’s cash account; 4 to 
general office accounts ; 14 to a list of members ad- 
mitted and excluded during the year ; 5 to a list of 
deceased members, and wives of members; 20 to a 
record of disputes and causes of delegation, together 
with the number of members, and their wives and 
children, who have been recipients of auxiliary relief; 
24 to a statement of accounts in connexion with the 
auxiliary fund; and in the remaining 6 are given 
the names and addresses of the branch officers, lodge 
houses, &c, In addition to the foregoing there are 
53 pages of introductory matter containing remarks 
on the peageees of the Society and its work, and on the 
income and expenditure ; various Tables, sum- 
maries, gen balance sheet, and similar infor- 
mation. 

At the end of the year 1879 the Society had 111 
branches and 11,914 members, showing a decrease 
of 725 members, and the closing of one branch. 
During the year, 337 new members were admitted, 
and 826 excluded for arrears of contribution or 
other reasons. The large number of exclusions 
was partly due to the extra levies, which had to be 
laid on to keep the Society going, and partly to 
removals ; the Society also lost 174 members through 
death. In point of numbers the Society stands 
much where it did in 1874, being only eleven less 
than at that date, notwithstanding the severe crisis 
through which this branch of trade has 

The total income for the year, from all sources, 
was 42,547/. 7s. 1d., being an increase on the year of 
61297. 168. 5d. over 1878. The various items 
constituting this amount were: Contributions, 
34,8137. 19s. 1ld.; entrance fees and proposition 
money, 475/. 7s. 8d.; fines, 249/. 88. 10d. ; acci- 
dent levies, 3204/. 17s. 9d.; benevolent levies, 
1094. 7s. 9d.; auxiliary levies, 2015/. 15s.; bank 
interest, 885/. 17s. 9d.; rules, cards, repo 
emblems, &c., 426/. 15s. 4d.; contribution to the 
widows’ fund, 22/. 9s.; advanced railway fares re- 
paid, 96/. Os. 10d.; acknowledgment from honorary 
members, 78/. 198, 2d, The balance is made up of 
miscellaneous items, and cash returned under several 
heads 


The total expenditure for the year amounted to 
the unprecedented sum of 80,089/. 68. 8d. Never in 


the whole hi of trades unions has any single 
society had to a like strain. The chief pay- 
ments were made under the following heads: 
Donation, benefit, and travelling relief, t is to 


members out of employment, 57,510/, 18s. ; in 1878 
the amount so paid was 38,486/. 14s, 7d.; in 1877, 
35,337. 108. 5d., being o total in years of 
131,335/. 38. This vast sum is altogether indepen- 
dent of strike pay. Taking the entire year through 
there was an av of 3466 members in each week 


on this one fand out of 12,000, or considerably over 
one-fourth. This is an example of mutual 
almost unrivalled. 

Sick benefit cost the Society 6260/. 17s. 5d.; 
funerals, 2160/. ; superannuations, 3727/. 4s. ; 
accidents and expenses connected therewith, 


f-helf 


ts 


rts,| committee are given separately, altho 


943/. 18s. 7d.; in addition to which 555/. was still 
due to members at the date of the report, making a 
total of 14987. 188. 7d, Surgeons’ fees, 17/. 18s. ; 
— from the benevolent fund, 70/. 10s.; railway 
‘ares advanced to members in of work, 
1051. 13s. 4d.; making a total of 13,841/. 1s. 4d. ; 
adding the amount paid to out-of-work members, 
the sum expended on friendly society benefits 
alone in one year was 71,351/. 19s. 8d. 

The cost of strikes during 1879 was 5386/. 12s. 7d. 
In 1878 it was 736/. 5s. 9d. only, in 1877, 689/. 18s. 9d. 
The expenditure under this head was caused by 
attempts to reduce wages or increase working hours, 
in many of the large towns in the kingdom. In this 
— of the report the officials counsel ‘‘self- 

enial, and a policy of give and take ;” they urge 
the members to “‘ adapt themselves to the inevitable 
law of supply and demand.” They further “ urge 
the necessity of boards of arbitration, as a means 
of avoiding much suffering and useless waste of time 
and funds.” 

The management expenses are given ia detail ; 
they may be summari us ; 


Salaries : £a844 
Secretaries, 111 branches, and mee 
general office, ... mA es 
Presidents, 111 branches, and 
office ... s ae 104 010 
Treasurers, 111 branches, and 
office ... om i 48 8 6 
Anditors, 111 branches, and 
general office ... see a 102 11 10 
Special audits of branch ac- 
counts ... oe eee on 5314 4 
Visiti stewards (sick fond 
chiefiy) ... pce ese ae 145 19 6 
Check and cash stewards os 14815 3 
Delegation expenses, time and 
travelli ‘ab eae eee 6815 1 
re appeal committees, 
time and expenses ... eon si 59 8 0 
Rent of offices and club-rooms, in- 
eluding coal, pe rates,andtaxes 41317 1 
Printing and stationery, including 
Kr ins oie iss pid 714 3 6 
‘os pen egrams, money 
orders, &c. ... om ne isa 225 17 
Banking expenses, time, &c., of 
treasurers, &. _... int na 6491 
Total for the whole of the Society $253 11 3 


Of this amount 426/. 15s, 4d. was returned as in- 
come by sale of reports, rules, &c., leaving 
2826/. 16s. 1ld. as the total cost of management, 
out of an income of 42,547/, 7s. 1d., or about 6 per 
cent. 

Defalcations and deficiencies during the year 
amounted to 287/. 1s. 4d.; bank failures lost to the 
Society, 229/. 10s. 7d. ; prosecutions and law costs, 
771. 15s. 5d.; errors of account, 37/. 10s.; the re- 
mainder is made up of miscellaneous items too un- 
important to need any special remark. 

e balance in hand at the end of the year was 
1908/. 148. 10d.; at the close of 1878 the balance 
was $8,894/. Os. 2d.; showing a decrease of 
36,985/. 5s. 4d. ‘The cause of this excess of expen- 
diture over income is fully explained by the enormous 
drain of the Society’s funds in the shape of benefits 
to deserving members, which, as before pointed out, 
amounted to 71,351/. 19s. 8d. The resources of the 
Society were taxed to the utmost to meet this un- 
paralleled outlay. 

The income and expenditure of the executive 
h the totals 
are included in the general accounts. e in 
including balance in hand, was 5047/. 5s. 7d. The 
expenditure includes sixty-three executive meetings, 
$27. 9s. 6d.; travelling, 14/. 1ls..; secretary's 
salary, 130/.; assistant, 109/. 4s.; rent, coal, gas, 
insurance, 74/. 2s, 2d.; chairman and auditors, 
14. 10s. The remainder was chiefly for printing, 
stationery, and other items. Some idea 
can be formed of the cost of printing when it is 
shown that the following were issued : 79,955 
copies of monthly reports, eight pages each ; 12,510 
annual reports, 216 each ; and over 40,000 
notices, circulars, schedules, lists, trade sheets, 
forms, &c. These entail a corresponding outlay for 


postage and parcels. 

The death list contains the names and particulars 
as to dates, age, cause of death, &c., of 174 mem- 
bers, and 109 members’ wives. Heart and lung 
diseases were the principal complaints from whi 
» aie id for benevol 

e total amounts paid for evolent 
alone, quite Sa strikes or bilout di: 





putes, during the 82 years, are thus sum- 
Fy g past y 





d. 
Donation (ont of work) benefit 
travelling ... pL -. 486,651 8 3 
Sick benefit os 120,117 10 1 
Superannuation benefit 48,168 14 
Funeral benefit .. 35,635 ; 4h 
Accident benefit 25,395 9 104 


Total in $2 years .. ... 715,968 9 1} 
In addition to the above, 4712/. 3s. was spent in 
emigration benefit in 12 years ; the largest amounts 


so expended were for the years 1867 and 1873 re- 


spectively. 

With regard to the continued stagnation in trade 
the report says: “‘We are glad that the darkness 
appears to be passing away, and if commerce and 
trade can only be assured o » we are confident 
that the British workman wi in see good days. 
But, and we make this remark in all kindness, if 
care and frugality be not exercised with our hard- 
earned money, all the good trade that the world can 
give us will not benefit us in the least; but with 
thrift, good work, economy, and sobriety, our homes 
may become what they ought to be to all honest 
working men, the abode of peace, happiness, and 
contentment.” All well-wishers of the working 
classes will concur with ‘the earnest desire of the 
officers of the Society, that this will in the future be 
the lot of those who have so nobly striven to help 
themselves, throughout the long period of de- 
pression in trade, in all branches of industry in this 
country.” 

For fulness of information, and completeness of 
detail, the report of the Ironfounders’ Society will 
bear comparison with that of any association in the 
kingdom. And the tone and spirit of the remarks in 
the introduction is worthy of all praise. ‘dieu 

THE WALSALL BOILER EXPLOSION. 

On Saturday last the 15th inst, a most disastrous 
boiler explosion, causing the death of twenty-five 
persons, and the injury of about thirty others, oc- 
curred at the works of the Birchill Hall Iron Com- 
pany, near Walsall, As the inquest on the bodies 
of the sufferers is to be continued to-day, and as the 
whole matter is still sub judice, it would manifestly 
be out of place for us to express here any positive 
opinion as to the cause of the disaster. We shall, 
therefore, content ourselves this week by giving 
some general particulars respecting the construction 
of the boiler. 

The boiler which exploded was of the Rastrick type, 
and was the middle one of a group of three, which 
worked in conjunction with caalher set of four. 
Of these latter one was also a “‘ Rastrick,” while two 
were cylindrical externally fired, and the fourth was 
of the Lancashire type. far as is at present 
known the boilers were all in communication at 
the time of the explosion, so that the whole of the 
safety valves were available; the pressure of the 
steam at the time of the explosion is stated to have 
been between 30 Ib, and 40 lb. per square inch, but 
definite information on this point is yet wanting. 
The exploded boiler with its companions in the 
group was heated by the waste gases of four puddling 
furnaces, It is reported to have been made about 
thirteen | me ago by the Thornycroft Iron Com- 
pany, and was about 26 ft. 6 in. high by 10 ft. 2 in. 
in diameter, while the diameter of the central flue 
was 4 ft, 1 in. The thickness of the plates was 
generally 1; in. in the shell, }in. inthe “ tippet” 
plate at the bottom, and ,; in. in the internal flue. 

The explosion was caused by the giving way of 
the lower half of the boiler, this part being rent into 
four portions, while the upper portion shot upwards, 
The vertical rents in the lower portion occurred 
chiefly at the vertical seams, 

The boiler was insured with the Manchester 
Boiler Insurance and Steam Power Company, 
Limited, the insurance, we believe, having only been 
lately effected, although the boiler had been under 
the inspection of the company for some years. Into 
the state of the boiler it is not well that we should 
enter, pending the giving of further evidence ; but 
we may state that it is reported that the boiler had 
been lately repaired, and that some of the rivet heads 
and seams had been wasted considerably by the 
action of the flames. It is well known that the es 
of puddling furnaces exercise a very severe action 
upon a boiler, and all boilers externally fired and 
w in connexion with such furnaces require 
most careful inspection and maintenance, Boilers 
of the Rastrick type also, when they do explode, are, 
from their construction and the nature of their 
setting, most terribly destructive. We shall have 











more to say on this subject next week. 
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In a recent article in ENGINEERING on “ Visual 
Telegraphy” allusion was made to the photo-electric 
experiments of Professor Minchin, of Cooper’s Hill 
Engineering College. The professor has now ob- 
tained some further results of importance. He has 
found that the current in a cell with silver plates, 
one of which is coated with an emulsion sensitive to 
light, does not always flow from the uncoated silver 
plate to the coated one ; but its direction depends 
on the nature of the emulsion and the liqnid in 
which the plates.are immersed. When the emulsion 
is made with chloride or bromide of silver, and the 
liquid is salt and water, the current does flow from 
the uncoated to the coated plate within the cell ; 
but when the emulsion is pee with iodide of 
silver, and the liquid is di water tinctured with 
iodide of potash, the current is from the coated to 
the uncoated plate in the cell, that is, in the reverse 
direction to the former. In his former experiments 
Professor Minchin demonstrated that the current 
set up in such a sensitive cell by the action of light 
on the sensitive plate could be sent by wire to a 
receiving cell placed in circuit, and there made to 
produce chemical decomposition on the sensitive 
plate within the latter cell, which on being ‘ de- 
veloped” by pyrogallic acid was distinctly visible. 
Professor Minchin has now proved that effect 
is localised to the part of the plate which receives 
the electric current, and is immersed in the liquid 
of the receiving cell. For, on immersing stri 
of silver coated with the sensitive emulsion in 
the cell, and connecting some of these in circuit 
with the transmitting cell, only the strips in circuit 
showed signs of chemical decomposition. Moreover 
this decomposition was only noticeable onthe portions 
plunged in the liquid. An important new fact has 
further been brought to light by Professor Minchin. 
He finds that the light absorbed by fluorescent 
bodies is, partially at least, transformed into elec- 
tricity ; and he hopes to investigate whether or not 
the light stored up in phosphorescent substances, 
such as Balmain’s “luminous paint,” is changed into 
electricity. The fluorescent silver plates which he 
por 6. 9 were coated with an emulsion of eosine 
and gelatin, and when the light of esium wire 
was allowed to fall on them in the dark a powerful 
current was generated in the cell, as shown by a 
reflecting galvanometer. By the interposition of 
coloured glasses between the light and the plates it 
was demonstrated that the current was due to the 
blue and violet rays of the spectrum, the red or heat 
rays producing little or no effect. The plates had 
been tried by Professor Minchin for over a week 
and still continued to yield good results, so that they 
might be considered a permanent source of photo- 


electricity, but for one drawback, namely, the | gases 


tendency of the eosine to leave the gelatin in the 
emulsion. To obviate this defect of these plates 
Mr. Wilson has suggested to Professor Minchin the 
use of napthaline red instead of eosine, because it is 
not apt to leave the gelatin, and Professor Minchin 
has found it to give as strong a current as the 
eosine, 


RECORDING RADIATION. 


An instrument termed the ‘‘radiograph,” for 
continuously recording the mae | of thermal 
radiation, has been devised by Mr. D. Winstanley, 
F.R.A.S., and recently brought before the Man- 
chester Literary and Philosophical Society. It con- 
sists essentially of a differential thermometer, fixed to 
adise or wheel which is firmly supported in a vertical 
plane by two knife edges. The thermometer, as 
usual, is formed of two glass bulbs communicating 
by a curved tube of glass. The tube is filled with 
mercury up to about half the curve; and the 
thermometer is attached to the wheel so that the 
centre of gravity of the system is coincident with 
the knife edges or pivot.on which the whole turns. 
One bulb is blackened and exposed to the source of 
radiation, while the other is left clear. The heat 
falling on the black bulb expands the contained gas 
and drives the mercury down the contiguous side of 
the tube up the other side, thereby altering the 
level of the mercury, and disturbing the equili- 
brium of the system. The consequence is that the 
wheel with the thermometer attached swings into a 
new position of equilibrium, and by means of a 
pointer marking a roll of travelling.paper or smoky 
glass, the motion of the wheel is continuously re- 
corded, and “radiograms” of thermal intensity 
produced. 


PS! trated nitric acid is now engagi 





British Association at id, a new key for deli- 
on staan 0 measurements; and recently Pe 
undergone some important improvements. 
formerly made it consisted ‘of Pave. yp or sta wires 
sup’ by silk threads inside a metal box. Two 
of the wires were fixed, but the other two could be 
moved into contact with them by means of a handle 
projecting through the metal case. The static 
capacity of the conductors was minute, the silk gave 
good insulation, and the metal case warded off any 
inductive action of the hand or other body. More- 
over, every part handled being of metal there could 
be no electricity generated by friction as happens 
with keys having ebonite touches. The nsion 
of the wires was however found too delicate for ordi- 
nary work, and the key was somewhat inconvenient 
to manipulate. The new form, as made by Mr. 
Keiser, consists of a small closed brass box fitted 
with a little trough holding pumice-stone moistened 
with boiled sulphuric acid to dry the air, Glass 
rods take the place of the silk fibres in the older 
key, and these support the contact wires, These 
are six in number, four fixed and two movable, and 
are made of phosphor-bronze, a new material in the 
construction of electric apparatus. The bronze is 
ilt to make good contact, Sir William Thomson 
as pronounced a very favourable verdict on the 

key for delicate electrostatic uses. 


Tue Passive State or Iron. 
The passivity of iron when immersed in concen- 
the attention of 
French physicists,}and M. Varennes has been led to 
believe it chiefly due to a chemical reaction taking 
place between the acid and the metal causing a pro- 
tecting layer of to surround the latter. A 
needle of iron and steel, rendered ive at one 
end by contact with the acid, can be wholly immersed 
in the acid without corrosion provided the immersion 
is effected with sufficient slowness and begins at the 
passive end, 
Occ.usion oF Gas BY METALS. 

The absorption of gas by metals is becoming an 
important wr ate of research. The recent experi- 
ments of Professor Hughes on the occlusion of hy- 
drogen by iron wires and their consequent brittle- 
ness have been treated at length in our ; and 
it is interesting to find that M. Dumas has been 
making analogous experiments on the occlusion of 

by other metals and fusible compounds, M. 
umas some time ago proved that molten silver 


absorbed a considerable quantity of oxygen and 
retained part of it on cooling. He now finds that 
aluminium heated in a porcelain cupel, under a 


vacuum, to the fusing point of copper, yields up 
perhaps the whole of its absorbed gases. These 
are pure hydrogen with a trace of carbonic 
acid, and their united volume exceeds the volume 
of the metal. Magnesium, heated to a white heat, 
under like conditions parts with its occluded 
rapidly, and gives off one and a half times its volume 
of hydrogen, mixed with a small tage of car- 
bonic acid. It follows that volatilisation of mag- 
nesium by heat in this way is an excellent plan for 
freeing it from either fixed or gaseous impurities. 


LITERATURE. 


A Digest of the Reported Cases relating to the Law and 
Practice of Letters Patent for Inventions, decided 
between June, 1875, and March, 1880, together with 
some Unreported Cases. oy Suma Hieains, 

i at-Law. : and Haynes, 1880. 
ALrHouGH there is much we do not admire in 
peeve of the United States Patent Office, itis only 
‘air to say that in some respects it is a great im- 
provement on ourown. The late Attorney-General 
Sir John Holker) resented in the House of 
ommons Mr. Anderson’s suggestion that our Com. 
missioners of Patents did not do all they might. 

On this subject we remarked in our issue of March 

26th, that if Sir John thought the conduct of the 

Patent Office was what it ought to be, or such as to 
ive general satisfaction, we could only regret his 

jack of information on the subject, Unfortunately 

the department is at present suffering under peer 
of short-sighted parsimony, the results of whi 

cannot be satisfactory in the long run. Among the 
many things that ought to be done, one is the 
issuing of reliable reports of t law cases. In 
the official gazette of the United States Patent 

Office, one gets weekly the decisions in patent and 





analogous cases of the various Uni 





the | tion, and to see, looking at the whole 





Sau are-teee ted. ‘Then Masereneioe oere 
reports are illustra H - y; 
is issued an index to and digest of the various 
decisions. All this is of a practical utility and 
value it would be difficult to over-estimate, We 
have nothing of the kind in this country, Our 
Commissioners of Patents Journal, besides being 
deficient in other respects, contains no informa- 
puolindicn tn aii ceasegtoly aqhegh eal ak 
pu mn in w are ven 0 
the various decisions of the come A oan law officers 
respe*ting patent cases, On the contrary, it is left 
te nee ome PO to keep inventors and the 
ublic informed of the state of the law as laid down 
y the courts, Occasionally, also, one comes across 
a notice (ex parte) of proceedings before one or 
other of the law officers. Clearly all this ie not as 
it should be. But while this state of things obtains, 
ye a0 be 7 more ul me apaten Se take 
e trouble and responsibility on own shoulders, 
of doing, in some shape or form, that which the 
Patent Office ought todo. One of the few enter- 
rising gentlemen of this class is Mr, Clement 
iggins, whose little work forms the subject of 
this notice. In 1875 he produced a digest of the 
reported cases relating to the law and practice of 
letters patent for inventions decided from the pass. 


ing of the Statute of Mon ies. 
Wi tes 
it some 


e recent work now before us is an 

that of 1875, and a useful one, 
seventy cases are re The book is essentially 
one of reference, its object being to supply a reliable 
and exhaustive summary of the cases it with- 
out expressing any opinion upon them. Under 
“ Subject Matter of Letters Patent” we get sepa- 
rate references to combination, Pap and 
principle; under ‘ Novelty of Invention” we have, 
as sub-headings, Want of Novelty in a Part of 
an Invention, and Publication in a Book or 
Specification; under ‘“ Utility of Invention” we 
have Degree of Utility, Want of Utility 
in a Part of an Invention; under ‘“‘ Who may be 
be a —— we ape oe a 
ventor, an porter oreign vention, 
and so on; the subsequent main headings 
(under most of which there are pears: 
being ‘ — for Letters Patent,” “ 
Grant,” ‘Provisional Specification,” ‘‘ Complete 
S) cation,” ** Amendment,” ‘‘ Extension of the 

erm of Letters Patent,” ‘Sale and Assign- 
ment,” ‘ tration,” ‘* Licenses and Royalties,” 
‘* Estoppel,” “Joint Owners of Patents,” ‘ In- 
fringement,” and ‘ Proceedings in an Action.” 


The original work has undoubtedly been of great 
use to those concerned as patentees or otherwise 
in matters of patent law, and the ap ce of 

the reports down to so 


seauat &. date. to Sea tf the present year, will 
be hailed by many with satisfaction. course 
it is true of this little work, as of almost any 
book dealing with so intricate a subject, that dis- 
cretion is essential in drawing conclusions from 
what one reads; it does not do to accept too 
literally or to form hasty conclusions from what 
is stated in legal bocks; for example, on page 38 
of the work before we are told that in the 
case of D mv. House of Lords, 
norfcot rn mere or collage levee 
y ion ut the wo 
Polaim,’ or the thing claim in it at all, but never- 
theless a claiming clause is commonly inserted at 
the end of a patent, and that is of immense im- 
portance in enabling us to construe the specifica- 


whether a thing is included in it or not.” Now, 
what is here stated has, of course, long been well 
known to those familiar with t law, but a 
~ m not ——— beathy y tye i 4 be 

to suppose his patent w without 
any claim so long as it included what he had invented. 
The fact is, however, that in describing an inven- 
tion in these days, reference to things that are old, 
is almost oe ene a Therefore, cone h 
@ specifica may be ° without the 
word “claim,” or the ‘thin Sfoed in it at all, 
bad were it not so drawn 
to make it perfectly clear to any one reading the 
specification in what the invention consisted, 
that they might not be by the terms of that d 
ment led to suppose that features really old 
protected under the patent. We do not make thi 
remark di ingly. On the contrary, we 
Mr, Higgins’ little work as a creditable hnd 


reel. 
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useful production, and if we recommend caution on 
the part of those who may consult it, we only do what 
is amply justified by the remarks of judges, which are 
to be found in the book itself, which pointedly 
indicate the intricacy of the propositions to be dealt 
with in connexion with patent questions. 


Easy Lessons in Heat. 
trated. London: Macm . 
Easy Lessons in Light. By Mrs. W. Aupry. Illustrated. 
London : Macmillan and Co. 
The two little volumes before us form part of a series 
of ‘* Easy Lessons in Science,” which Messrs. Mac- 
millan are bringing out under the editorship of Pro- 
fessor W. F. Barrett. The object of the series is 
evidently not only to describe in clear language the 
leading phenomena of each branch of science dealt 
with, but also to enable the reader, by the aid of 
simple experiments, to illustrate many of these 
henomena, and so obtain a clearer idea of the facts 
Be is studying than is ible by reading alone. In 
the volumes under notice Miss Martineau and Mrs. 
Audry have both been very successful in carrying 
out this programme, the various phenomena dealt 
with lucldly described, while the illustrative experi- 
ments are well chosen, and are such as require 
little apparatus to carry out. 


WIRE GAUGE. 
To Tue Eprror oF ENGINEERING. 

S1zr,—In ENGINEERING of the 10th February last 
reviewed the report of the committee ef the Society of Tele- 
graph Engineers on the wire gauge, and on the 26th March 
you also reviewed my pamphlet on the same subject. Both 
advocate the n ty for an authorised standard English 
wire gange i the many so- bam wire 
gauges (B.W.G.), all varying in sizes, and causing endless 
disputes. So great is the demand for a standard that the 
United Chambers of Commerce of England last October 
appointed a committee to inquire into the subject, with the 
view of petitioning the Board of Trade to publish an au- 
thorised list of sizes of the wire r powers 

ted to them by the Weights and Measures Act, 1878. 
The battle of wire gan, is now being fought, to be finally 
settled by the Board = ta The ——e now are: 
1. Are we to continue ing Birming wire gauge, 
first defining its sizes roms oo bedk old and modern Bir. 
mingham wire gauges? 2. Are we to introduce and es- 
tablish an entirely new wire gauge, made on a scientific 
principle? 3. Are we to have an international scientific 
wire gauge? 4, What are the sizes to be, and how ex- 

? 5. What sort of an instrum gauge—for mea- 





By C. A. Marrinzav. Illus- 
illan and Co 





ent — 
suring wire is to be used? ‘The list of sizes, erroneously 

gauge, is one thing ; the instrament itself is another, 
and very important. In the Telegraph Engineers’ Report, 
page 8, we find this important Ly ay : “It now be- 
comes necessary to consider which form of gauge is best 
suited for recommendation as a standard gauge 


sizes are understood) ; shall one of the ees Weds 
Mr. 


be adopted as it stands; shall an attempt be made to 
fect eee ies oe ee certain nf (as 
H a8 orm ‘an average gauge from amon 
them all; or shall the question be treated » sctentifically, and 
some form of geometrical gauge be adopted?’ And on 
19: ** A question of far more importance is, which of 
uges conforms the more closely to the existing 
BW.0's. On this point the superiority rests decidedly 
with Clark’s system, and this gauge is therefure the one 
recommended for adoption as a standard gauge.’”’ The 
committee of the United Chambers of Commerce have, I 
believe, laid down certain rules for their guidance: ‘‘ To 
take the sizes now so much used as they are, and 
make the new gauge to them, and not them to the 
gauge ;”’ “ that it w be useless to attempt to introduce 
any gauge differing materially from the present B.W.G., 
and = ee asia it hao Ly 4 readily Fan 
by workmen, an pro — y the 
of or by ign nations.’’ We have to look 
at this question not only » but also from a 
practi int gf view. The wire gauge, ie., the instru- 
ment itself, is in constant use by a vast number of working 
wire drawers in England and abroad, who, as a whole, are 
illiterate, unable to make the commonest calculations, and 
have no idea what the notches represent a 
py clea oy = oe the eh een nee sta 
each draw. Society e ineers having re- 
commended Mr. Clark's list of sizes, because it is scientific, 
international, and conforms more closely to the existing 
B.W.G., to assist in the I venture to examine 
it, first om Yo 4 my indebtedness to Mr. Clark 
for his several valuable papers on this subject, and for 
his indefatigable labour for many years to establish a 
. Mr. Clark’s system is to increase 


increase give the dimensions of the size in mils, so arranged 
to harmonise with the centimetre, and so be an interna- 


tional gange.”’ [is pecneee) So very ingenious, but there 
aap eniaas yoiclical ifficulties to its adoption. The French 
and Germans have each their scientific , differing 
little from each other but both based on t metre 


Will they abandon their gauges and adopt either of the 
above-menti gauges which are so different in 
nambers and dimensiong, only two sizes in Mr. Clark's 
wage et. 0 and 17 agreeing with the French and German? 

B.W.G. is a plate whose sides contain a series of 
notches numbered 1, 2, 3, &c., consecutively. No. 1 is the 
largest size, No. 2 the next size smaller, as the number in- 
creases tbe size decreases. Some desire a reversion of this 
in the wire gauge, and wish to call the smallest size No 1, 
and the next size No. 2, the number increasing as 
size increases, imitating the French and German — 
The advocates of this change probably overlook the Bir- 
mingham metal gauge, which ranges from No. 1 to 40. 
No. 1 being the s t, measuring .004 in. or 4 mils, like 
the proposed new notation ; but would the change not in- 
crease the existing confasion? The B.W.G., as already 
stated, is a practical instrument in the hands of wire 


drawers, the notches therein indicate the reduction found | 100 


wire will stand drawing from one size to 

next. There are not included in the B.W.G. man; 

intermediate sizes for special requirements of trade w! 

continually change, fey ang an sizes, 
still they are all controlled by the B.W.G., both as regards 
sizes and prices. The real requirement is a standard 
oo of the existing undefined B.W.G., and not a list 
all i sizes to meet every possible requirements, 
which would not be a B.W.G., but a wire measure, 
so multiplied ‘‘ that the question of keeping stock of such 
@ great number of sizes that the locked up capital would be 
a calamity cause a mixing of sizes which no human 
means could separate.’’ We are su to be the greatest 
manufacturers of wire in the world; the B.W.G. is our 
peculiar instrument for measuring the wire we draw. This 
gauge is as “‘ scientific’”’ as our English ard, foot, or inch, 
all four being empirical.. The yard, foot, and inch are 
established by law, and the Board of Trade have by that 
law, power to establish any measure, as the wire gauge, 
rovided all dimensions are decima of the inch. 
r. James Cocker, of Liverpool, was the first to call the 
sizes of the wire gauge so many ‘* mils,’’ each mil repre- 
senting one-th th of an inch. ‘‘ Mil’? means ten 
hundred, a multiple. Mr. Cocker changed it into a divi- 
sion. of Trade adopt a term etymologically 
Act'fb70? ‘The Telegraph Engineers propose the slop. 
. e Telegra eers propose the adop- 
tion of ‘‘ mil,’”’ and wi have decimal fractions of a mil 
in their gauge! Why not adopt the legal, more simple, 
and scientific deci fractions of an inch ; the gauge so 
exp: would be easier understood both at home and 
abroad? Mr. Walker, F.R.S., introduced his gauge in 1878 
to the Telegraph Engineers, he called the sizes by C.V.W. 
units, » unit being g},th of an inch. It may interest Mr. 
Walker to know that his wire gauge is Messrs. John Bradley 
and Co.’s of Stourbridge sheet iron gauge, and used by them 
these last forty years and upwards. Looking at the Weights 
and Measures Act, 1878, Schedule 2, the of Trade 
coe eo _— mil or unit, but the decimal Lae ree 

of aninch only. For me greases uge I too 
an average of the best old and modern gauges, and ex- 
ressed them in decimal fractions of an inch. I did not 

insert the quarter om ym new he a in m 

proposed wire gauge itself ; the Telegrap gineers 

attention to this omissi ion. The B.W.G. quarter sizes are 
arithmetical — what always been used, 
whereas Mr. ’s are FE aw gy proportion, which if 
adopted would curiously affect trade. In one order for sheet 
gd it would cause a loss to the manufacturer of nearly 


experience, 


The wire gauge, i.¢., the instrument itself, is as im- 
portant as a list of sizes, for it is iarly English, and 
in the hands of the wiredrawer his principal tool. The 
ay vy engineers do not offer an opinion in their report 
on the instrument but refer its ers to my phiet, 
and to the American proposal fully descri in their 
journal, vol. viii., 1878. The American proposition is to 
abandon the old plate and adopt the micrometer gauge 
an instrament most liable to move and cause errors, and 
which cannot measure all sizes, as Mr. Clark’s No. 11 
wire—115.39 mils. Such a size uires a Muir’s micro- 
meter gauge too delicate and time losing an instrument in 
the horny, tremulous hands of a wiredrawer. Mr. Clark 
made the following practical remark before the British As- 
sociation in 1867, ‘** I must call attention to the labours of 
M. Karmarch, M. Themée, and M. Peters towards the 
establishment of an uniform wire gange in Germany, whose 

inions entirely agree with my own as to the superiority 
of the English Birmingham wire gauge in point of 
epg utility over all the others now inuse.”’ All who 

ve a practical knowledge of wire drawing will agree with 

this. French and ian gauges, the English, 

are imm notches, each eouk gives only one size, con- 

ently every size and quarter size requires a noteb. 
the usual between 




















the ese da > 11.8034 t to d it 
wire d cent., or lecrease i : 
: ‘ each notch the English 
to 10.557 cent. He aired a to work upon ; in A - . is 
1867 he took No. 16 B.W.G. for a base, In 18% be gauges will be of the following lengths: 
abandons this and adopts No. 0 B.W.G., making it (No. 0) | 
caiermcemmmnes Sebpenemsn| gu -| mentee [itt teguie 
wn in -G. Acco’ 4 , 
wire gauges in Birmi » Yorkshire, and Lancashire, - jof Full Sizes.) Quarter Gauge. 
1 centimetre corresponds nearer with No. 000. Mr. Clark, Sizes. 
——T os oe French — Fe his base, abandon- - 
i .W.G. > introducing a new gauge in. 
differing considerably from the B.W.G., which will|B.W.G.... — ...| 40 160 26 
seriously affect many established interests, as the Tables | Whitworth a 248 50 
below prove. Cocker ... | 200 800 122 
There is a desire to make a new wire “basedon|Clark ... —...! 50 200 7 
progression, and to have a constant scientific} Hughes...  ... 50 50 
80 the numbers multiplied by this constant 





— 


the | the 





My proposed gauge being made with ta notches, 
ts tear Peete onan seen (anaster divisions can be 
made without increasing the size of the gauge), and so re- 
tains the old and well-known wire gauge » avoids 
inevitably cumbersome gauges if a notch for every size were 
. | made. it in your review you take ion to m 
gauge, that its principle is mathemati i “for 


side he see that if the gauge at the end of 100 in. is 
in. wide, a wire that goes in at 50 in. from the apex is not 

in., but a little smaller, for the di of a wire cannot 
be touched at its extremities by two inclined edges.” I 
admit the mathematical error, which never crossed my 
mind until pointed out by you ; but I do demar to a prac- 
tical value therein. When I made a reference gauge, and an 
every-day gauge, | tested them with wire drawn for 
as a6 SES eet oes nd 
this that the strong wire ing through the bottom of the 
notch, did not snfficiently enter the mouth of the next 
notch ; os eS ee A, oo ange proved 
itself a check, as in , upon the gauging P' " 
the bottom of the notch. Tha ma tical ever bel 
no . 


.00624999 in., instead 
To admit wire jin. in diameter the length should be 
50.00312499 in., instead of 50 in. 

To admit wire No. 16 W.G. the length should be 
13.00008124987 in., instead of 13 in. 

The mouth of notch No. 2 should be .30024in., instead 


.3 in. wide. 
The mouth of notch No. 3 should be .28024 in., instead 


of .28 in. wide. 
The th of notch No. 12 should be .12002376 in., 
instead of .12 in. wide. 


The mouth of notch No. 33 should be .010000001 in., 
stead of .0l in. wide. 

Add to these the facts that wire cannot be drawn perfectly 
accurate, that the last end of a string of wire is not the 
same size as the first end ; and that the process of drawing 
pen oy te ee es 

e inner ou! of the stri inner being 
thicker than the outer, I respectfully submit that the 
mathematical error is not cgpresale, and if it were essen- 
tial the correction is easily done. 

The following Tables show the effect the different pro- 
posed gauges will have upon the existing Birmingham wire 
gauge according to Birmingham trade lists. 

Iron and Steel Wire. 












































Clark. Hughes. | Wynn. 
| 
Bwal| s| $8 | 
VW. +o se Rs 4 ° 86 
eA s/ € |] 8 | si] gs 
3| GF | 3 | be | 3 | Ee 
°S| #2] 4 | Ss | Sa 
= 3) a= ’ 
No. £5. d. £8, a. £384 
20 21 |013 4 2 a 
21 23 [218 4) 21 oR 
24 25 |213 4) 24 ae 
28 29 |2 0 O| 28 ww +s 
Telegraph Iron Wire 
6 7;05 0 6 si 6 
7 8/050 7 = 7 
8a.P.0/ 71050 7/050 7/1050 
10¢.r.0.| 9 1015 0 10 ~ 10 
Copper Wire. 
21 23 19 6 8 20 at 21 
22 23 413 8| 22 os 22 
24 26 14 0 O| 24 me 24 
Brass Sheet. 
27 | 2914 $e 27 cn | 27 
31 | 32 [410-0 31 | ai | 
Sheet Copper. 
20 21 1210 O 20°'| w 20 | 
23 | 23 |210 0 22 | “s 22 | 
25 24/210 O 2 | 210 ¢] 2% (210 0 
Weight per 100 ft. of Iron Wire according to 
Number./ B.W.G. | Hughes. | Clark. 
Ib. Ib. Ib. 
1 17.167 17.167 31.47 
10 454 | 4.54 441 
26 0.858 | 0.858 | 1.236 








Apologising for taking so much of your valuable space, 
Yours truly, 
Greenfield, Holywell, May, 1880. |THomas Hueuzs. 


BOILER EXPLOSIONS, 
» To THs Eprror or ENGINEERING. 

S1z,—On the 28th of January, 1880, I wrote you a letter 
on the above subject, which yon kindly published in your 
issue of the 6th February. It was my rw see then to 
provoke a jon among steam users which might elicit 
at least a on A pace hints. yl igs 

then appalling explosions have occurred, one 

in Glasgow, and one afew days ago in Walsall, eclipsing 
almost every one as regards their disastrous con- 
sequences. — amo ot ey) numerous readers are 
many experienced and ial men, who might with 
little trouble give their opinions as to the 
aw save many of their fellow-creatures’ lives, 
keep misery and misfortune from the homes of many « 
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It is all very well and extremely ifying to see how 
plentifully the charitable -contri come in after the 
catastrophe has claimed its victims, but why does every- 
body shrink from the task of trying to avoid such cata- 
strophes? No wonder our trade passes into the hands of 
foreigners, when we see at home the greatest carelessness 
— and the basis of business, bya life of the 
workman, exposed nger in placing it at the mercy of 
an incompetent boiler attendant. . 

Boiler proprietors only too frequently employ a ‘‘ chea 
hand,” who of course has little or no experience at all, an 
being ly peid, does noticare to do more than simply 
fe the flywheel moving, no matter in what condition his 
iler is. 


I have recently come a great deal in contact with these 
people, and what I hear and see gives me the firm belief 
that, if energetic steps are not immediately taken to bring 
about a reform, this year will be one richer in explosions 
loss of life, limb, and property than any previous one. It 
at the close of the year I should find myself disappointed as 
regards this, I should be very happy. In a letter of mine 
which you fea in M , I hinted my ideas, and the 
sad facts of occurrences have already proved in startling 
figures that I was correct. 

Thanking you for inserting this letter, which I hope will 
have the effect of arousing our boiler owners i 
them look more closely into this grievously neg 
momentous question, 

I am, yours respectfully, 

Manchester, May 18, 1880. Maurice ScHwas. 


PERMANENT WAY FUR STREET 
TRAMWAYS. 
To THE EDITOR OF ENGINEERING. 

Sir,—We think it unnecessary to encroach on your 
valuable space in discussing with Mr. Larsen the detailed 
merits of our system. However, in reply to his objection 
that in removing the web we weaken our chuirs, we may 
state that we have lately increased the thickness of the 
castings, thus effectually strengthening the sides, and at 
the same time avoiding the use of the obtrusive web. 

We understand that the refusal of the municipality of 
Paris to allow a cross pa system, is that when laid in 
sand it may have a tendensy tosink. We find from ex- 
perience, however, that this is not the case. 

We would remind Mr. Larsen that we did not claim the 
‘break joint” as a spécialité, but merely as a substantial 
advantage, and one unadopted in any other extensively laid 
system. 

We find on inquiry that the notice of the reading of his 
paper, stated by Mr. Larsen to have been given to us, con- 
sisted in a verbal communication made at the commencement 
of the year—very apt to slip the memory during a press of 


work. 
Yours obediently, 
SPIELMANN AND Co. 
40 and 42, Queen Victoria-street, May 20, 1880. 


SLIPPING OF LOCOMOTIVES, 
To THE = pee — ENGINEERING. 

Srr,—A leading article made its appearance in your im- 
ression of April g, under the heading of ‘‘The Slipping of 
motives,’ in which you more especially direct attention 
to the results of certain experiments by M. J. de 
Laboriette, upon the above subject, as wey proving 
that M. Rabeuf must have been in error when he thought 














he had discovered that the driving wheels of locomotive P 


engines are given to continuous slipping. __ 
Tine not the least intention of questioning the correct- 


ness of M. de Laboriette’s experiments; but I must be | 4) 


permitted to observe that, if M. Rabeuf had been as com- 
pletely mistaken as the experiments referred to tend to 
show, he could hardly have founda slipping of 13 per cent. 
to occur in some cases, and one of as much as 25 per ceat. 
in others. 

My belief is that M. Rabeuf was not mistaken as to the 
fact ; and I venture to suggest that the slipping arises from 
the circumstance that one portion of the resistance which a 
locomotive engine has to overcome is constant, whilst the 
other portion increases as the square of the velocity. The 
—<— the speed of the engine, and the steeper the gradient 

own which the motion takes place, the more prominent 
the effect of the variable resistance will become, and the 
more evident it is that, other things remaining the same, 
that piston speed and train speed which would satisfy the 
conditions implied by the constant resistance, cannot be 
the same as that which would apply to the case of the two 
resistances combined. ie 

As far as the number of revolutions is concerned, it is 
expressed, in the case of the constant resistance, by an 
equation of the first degree, but in that of the two resis- 
tances combined by an equation of the second degree, and it 
seems to me that if the actual diameter of the driving wheel 
represents the speed of the train in the former case, it 
cannot do so in the latter. : 

The highest speed experimented upon by M. de Laboriette 
seems to have been 56 miles per hour, whilst M. Rabeuf’s 
results apply to a speed of 745 miles per hour, which is 
equivalent to an increase of .more than 75 per cent. of the 
variable resistance. 

I remain, Sir, your obedient servant, 

May 1, 1880. Cc. 


HYDRAULIC SUGAR-CANE MILL. 
To tHe EpiTor oF ENGINEERING. . 
S1r,—With reference to the letter of “‘ Toujours Prét,” 
of London, in your issue of 14th inst., I would state that the 
idea of my mill has not at all been derived from Russel’s. 
Two mills used together have long ere Russel’s invention 
been used with success in Mauritius though without the 
mace: 


The byteceiis preasuse- brought to: hear on the yeilers 





effects a thorough ing of every cane, and thus extracts | 46s. if various ts, fourteen days, to cash, and 
egroter quay of saccharine mniter, and alo prevent 46s. 14d. to 46s. 3d. one and the close was per! 
mill. : ; still s at 463. 1}d. cash. was also a quiet busi- 
Far 2 my invention being more complicated than | ness in the afternoon at 46s. 14d. to 46s. Ojd. cash, also at 
Russel’s, it is less pe, Tie siaes Wag Ss aie cast iron, | 46s. 3d. to 46s. lid. one month, and at the close there 
and requires steam and water, whilst in the hydraulic | were sellers at 463. 1d. cash, and buyers at 1d. 
sugar-cane mill and megass steaming chamber, the|ton less. The market was very steady at the opening 
chamber is made of wrowght iron on a more simple con- | to-day, with business done at 46s. cash and 14d. 
straction and only necessitates steam, thus not lessening} one month, and gradually i ing to 46s. 3d. cash 
the saccharine percen' as the use of water does. ,» and the market closing with 463. 2d, cash 
As to the ; it is the same as the hog There was some dulness in the afternoon. The 
that. I use tail-bars it of one,-and p the | market ed at 46s. 1}d. coe, seseiinns to-Che, 2, Gen 
pinions with the a eee instead of alongside | and 45s. 10d. one month the close being 
of mill, which prevents the teeth from getting broken | nomi 45s. 10d. cash. The in the price of war- 
through any vibration of the mill. ; rants amounted to 4}d. per ton last week, to 1s. over the 
The g being almost the same as for the ordinary | fortnight, 6d. on the weeks, 6s. 3d. on'the four 
mills, not require more skilled labour or attention | and on the five weeks (from ag 10th till May 14th 
than the sugar mills now in operation, and I repeat the use | 8s. 104d. ; that is to say, from 14d. to 46s.3d. Daring 
of through bolts and hydraulic which prevents the decline prior to 1879 it took nineteen months for quota- 
breakage, save the rietors the great annoyance and_¥j tions to fall from 55s. to 46s. 3d. Inthe course of the next 
less incurred through breakage during the busy season, | three months prices fell 3s. per ton, and from January till 
chiefly through irregular feeding. June, 1879—six mon was a farther decline of 
As to the cost, this joined with the tage of saccharine | 3s. 3d., or to 40s. The subsequent advance was even more 
matter extracted, must give the decision ; the prime cost of a Gestine 1 peians got up from 40s. to 
my mill would only be 1 cent. more than the ordinary | 46s. 3d. in two months, and from 46s. 3d. to 55s. in three 
muls, whilst it produces 82 per cent. against 75 per cent. of | weeks arrants at the end of last week were on the 
others. whole rather firmer, but several firms reduced their prices 
In spruuling this I was hoping that I was satisfying a | from 1s. to 2s. per ton. babar ye i wg 
want in machinery for the manufacture of sugar-cane | had been taken off the keenness with which the outsi 
which I had mally experienced in the course of my penile Rave zecpatiz heen baying vig nen. and, Shere: has 
career in the East and West Indies. less avidity on nage tt ad g ew war- 
I an, Sir, ne cape, rants. Should this ardour er a much further cool- 
A. G, Berry. | ing, it will a further decline, as the production 
38, Carnarvon-street, Glasgow, May 17, 1880. goes on. blast farnaces have been out at 





KENYON’S INDICATOR. 
To THe EpiTror oF ENGINEERING. 


Si1n,—In your issue of the 23rd of April last you notice | ; 


** Kenyon’s Pistonless Indicator,’’ which is spoken of as a 
new type of steam engine indicator. It would be interest- 
ing to how this indicator differs from the one patented 
by Budenberg in 1867, which was a curved tube applied 
to McNaught’s and other indicators. I should be 
glad to the parallel motion which does not 
appear to be correct, gn bee the short link which con- 
nects the piston rod of Ric ’ indicator with the pencil 
motion is absent in this arrangement. Would the motion 
of the pencil be in the same ratio as the motion of the 
= - the tube from which the motion of the pencil is 
en 

Some short time I was sbown an old indicator then 
in the possession of Messrs. Elliott Brothers, which con- 
sisted of a curved tube with a multiplying pencil motion. 
This instrument appeared to me to be at least ten or 
years old, and was made for Bourdon. Again, in the 
American Machinist of December 20 last, there is a de- 
scription and an illustration of Minor and Rae’s indicator, 
said. to be patented in 1876. In thisa Bourdon tube and 
multiplying pencil arrangement are also the leadi 
features. With respect to this indicator (Minor and Rae's) 
the writer of the article in which it appears says : “‘ In order 
to * ag came an expression from the inventors, who ought to 
tell about the thing, I will, as I did ina former r, 
venture an opinion that the pring will not res: quick 
enough for an indicator.”’ is seems applicable to Mr. 
Kenyon, who will perhaps favour us with a few remar 
upon the points I have ventured to bring under his notice. 
erhaps he would also be so good as to send a few diagrams 
with full i which would enable us to judge of the 
epee tg of his indicator over the best form now before 
e public. 
Permit me to ask Mr. Kenyon if his indicator could not 
be so altered that the steam could pass direct into the 
tubes instead of passing an elbow? I very strongly object 
to elbows in indicator pipes. 
Your obedient servant, 

PRACTICAL. 


NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-[ron Market.—The warrant market was 
rather er last Thursday, the speech recently deli 

by Secretary Sherman in the New York Chamber of Com- 
merce having given more encouragement to holders of iron. 
Prices recovered 41. per ton during the day. Business 
opened in the forenoon at 45s. 10jd., and prices were ran 
up to 46s. 1id. cash, and from 46s. to 46s. 44d. one month ; 
and the close was sellers at 46s. 14d. cash and 46s. 44d. one 
month, and buyers 14d. per ton less. In the afternoon 
from 463. to 45s. 10}d., and then 46s. 14d. cash, and 
46s. 14d. to 46s. and 46s. 2d. one month were the quota- 





46s. 2d. one month, and sellers 1jd. over. The warrant 
market was again fully firmer on Friday, and prices im- 
1$d. per ton, ing 9d. 

Tuesday of last week, but still 4}d. 
week’s close. In the forenoon business 
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463. 4d.- ld. 
the afternoon from 46s. 1d. to 46s. 
one month were quoted, and at the 
at 46s. 3d. cash and 46s. 44d. one month 

Monday’s market opened somewhat dull, 
only a forenoon meeting, owing to the 
Monday, which was not formerly kept as a ay 
“iron ring.”” The quotations were from 46s. 5d. 
cash, and from 46s. 6d. to 46s. 1}d. one month, the 
being buyers at the lower quotations, and sellers at 46s. 1 
cash and 46s. 2d. one month, thus sho’ a decline of 5d. 
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perton. The market opened quiet on Tuesday 


with sellers at 46s. cash, then business was done at 46s. to | 


ee rr eee ee meee tet 


fifteen | before him in connexion with 


tions. The market closed with buyers at 46s. 1d. cash and | M: 


. | have awarded the F 


in ’ 
but also in America we ee eee 
the demand is still nit, and the Continent is as sl as 
ever, whilst advices from well-informed centres are 
; .  Thestocks in Messrs. Connal and Co.’s 
public warrant stores amounted to 441,873 tons at the 
end of last week, showing an increase of 2222 tons for the 
week. The shipments ig iron from all Scotch ports 
last week amounted to 13,123 tons, as against 9919 tons in 
the corresponding week of last year. 
Royal Society of Edinburgh.—At the twelfth ordinary 
i of this Society, held on evening, Professor 
PG. fait stated, in outline, ee ech vehaite of o venee con- 
e 


Pressures.” The subject, he —— retanpedor 4 
; he Challenger expedition. 
It had been wished to provide against the variations in 
— the thermometer which it was thought would 
result from the high submarine pressures at t depths, 
On working the matter out, he had found that the measur- 
able pressures which could be got with co ion of 
nitrogen would not avail him beyond about Swoteas on the 
square inch. He had been compelled, therefore, to pass 
from the law as to the compression of gases to that as to 
the compression of solids ; and, doing this, and i 
first glass and then steel tubes by the results obtained 
the nitrogen com ion, he s be able to construct 


ks | @ set of instruments which would be trustworthy to one 


ee a pressure of 12 or 13 tons on the square 


Institution of Engineers and Shipbuilders in Scotland, 
—A speci — of this Institution was held last night, 
Mr. Robert Mansel, retiring president, in the chair. In- 
teresting discussions took p 2¢ on three » which had 


been read at previous meetings » “On the St. 
Petersb’ ater Works,” by Mr. John Thomson ; “On 
Fuel Fee nas bp neal Willi lappenten ; and ‘‘On the 
St. Helier’s ur Works,’’ b: r. Imrie Bell, C.E. 
Amongst the , Messrs. J. M. Gale, C.E. ; 
R. Bruce , C.E.; Ralph Moore, Her Majesty’s In- 
ror afy? Mines; Chas. » C.E.; Jo Maser, 
.C.8. ; 


Cc. 
Charles Bell, and W. R. M. Thomson. 


Natural Philo: Chair at Aberdeen.—A meeting of 
Aberdeen Unive Cont was held last the 
nampa yey ot apr in the . turel Philseopt 
were put up for vacanc a 

Chair, and eventually the duite of the Court fell -4 
Professor Charles Niven, of Queen’s College, Cork, a 
tinguished graduate of Aberdeen University. 


jermantes, a ee fort 
the 10th inst at the. Royal Tastitation, Golquittsisex, 
. Alexander Ross, 





t, in the chair, when a 
: so the Was 


Sociztr or Arrs.—The Cunt ie of Arta 
‘or 
ing, 60 Mr, Demaid Ones, lB tor the laasoramton bo 
’ . 'y -<.+, lor 
has introduced into his passenger steamers, ha for 


their object the prevention of loss of life at sea from or 
re hee exemplified in the ship Grantully Castle, of 
the Line of Packets. They farther recommend that a 


Society of Arts Silver Medal be awarded to Mr. J. W. 
Wood, for his leak-stopper. In answer to the invitation 
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SPECTROSCOPIC ANALYSIS. corrections for the operated on which would be 





quite - 
ordinary apparatus and processes of gue 






ing into consideration the number of experiments 

varying conditions, all as a whole showing less 
ordinary methods, we feel justified 
before the Institute, as at least 


matter m 
it is a fact that iron, steel, and wrought iron 
of absorbing twenty times tkeir volume of 


. that we ought not to re- 
of the above elements 
thers 


of some elements on the 













tests. 
difficult for chemists 
its of iron and steel, 


large mass of iron throughout 

ve experimented during 

and it is an outline of experi- 
is of iron 







we now have the honour of 







pectroscope ha 
in other departmen 
such well-known deli q 
detection of the rare m 
y readily lends its aid in 
8 m. 






for the same body ; hence 
when two or more substances are volatilised 
ne be regarded as a sum 


m. This photograp 
fanehion of the compound as an: 


; attaches to these spectra, 
of the elements have exact! 
t of the often mislead 


hotographed spectrum of 
P P 8 

i to its composition ; this 
t it is not in our experience 


iron, Bessemer steel, 








to he traces of bodies may 


volatility of the 
necessity of variation in the in- 






ufficient to record lines 
of the variation in 








lower its percentage, and 
has formed a large portion of 
| other experiments = consider 
determining iron in present use are un- 
and that the iron is usually much over- 


one, since chemical mani- 


facts in the determination of 
most present methods 


ssolyed in dilute 
















hydrogen=.023 per cent. by weight—a quanti 
omitted in ordinary anal , ‘while it is proba 
H}8,+Fr.=Fr.8,+H, fact that a steel satura’ 
. of hydrogen, at normal bar. and temp. 

i or iron of ‘known composition (as 
iron), the hydrogen, collected 
me or as water, ought to 


together with the manganese 


‘ with hydrogen must be less 
liable to oxidation in the heating furnace than one con- 
taining little or none. Therefore, practically, the former 
will bear without deterioration a higher or longer 
tinued heating than the latter. 

Indeed, our own experiments, and those of others, show 
a much larger percentage of hydrogen (.25 having 
























Nickel, - ae copper, calcium, and manganese, cobalt 


being absent. 

ater was now added to the iron and boiled with it. 
After evaporation of the solution, it was not found 
tain any a. the chief 


neutralised with ammonia and boiled. P p 
were then taken of the iron so precipitated and the filtrate 
showed nothing 


ts were made by one of us on in spiegel). 

steel and grey pig varying from ;); to 2| Oxygen has also been detected in weighable quantities. 
, therefore, seem to have much practical bear- 
working of the metal. 

order to examine steel thoroughly by the spectroscope 
after its solution, we found it necessary 
eliminate the iron. This is best 

with i solvents. 










from it. The By n 
man ,w latter gave lines 
lool. clessiaiom, chromium, 

The following is a summary 
Elements separated — detected in Bessemer Steel by the 





Paper before the [ron and Steel Institute. 
+ Dr. Russel used Penny’s method for the determination 
of the atomic weights of nickel aad cobalt; he has also 


tested iron, and quotes results as fo'lows : done by a method 


bat an increase of 








to con- 
differences being that tke 
calcium lines had diminished in intensity, 


cadmium 
acid was then added and boiled with the iron. Some 
latter was dissolved ; the solution was, therefore, 


= onding to 
of the results obtained : 









various 
which may be valuable in other methods of analysis, quan- 





Acetic Acid. 





iron, most of such elements could 
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The accom; 


panying drawings 
ances of these spectra ; wy are not ot iaeodod be i to be strictly +9 


accurate, it being impossible to represent the appearances 
of these photographs. 

In other experiments by this process we found antimony. 

These plates show that the amount of manganese pre- 
sent was considerable. We therefore made a mixture of 
the three solutions, and obtained precipitates with various 
re-agents, a confirming method. On 
photograph pees the — of these poovieten the in- 
tensity of the ristic lines was 

The above ft were made with 7 in. coils and 
dense ‘- of 60 deg. and 75 deg., with object glasses of 

uartz. an electro-dynamic machine a greater 
ms Py cht used, and the length of the image in- 
We think that it would then be found that the 
bodies ——. we beer meer yy y indirect —_ would 
appear, as before mentioned, in the spectrum of the or 
metal. Even if this should not be the case, work tine 
direction would be immensely facilitated from the avoidance 
of the trouble occasioned by batteries, from the admissible 
increased length of the spectra, or from the shorter time 
as ee for exposure. 

t will be noticed that we Whale eye-work with 
the spectroscope, We think it however, that it 
may at all times with advantage supp ney photography, 
since it may happen that lines occur only in 
the red or green ; but there is something so absolutely cer- 
tain in a + photograp hed poivum that it is most desirable 
if possible. to establish p otography as the basis of all 
spectrosco] ic work. 

Although we have dwelt ar gpa on the chemical part | his int 
of the question originally stated, we are of opinion that the 
quality of iron and steel for certain purposes cannot be de- 
cided by analysis alone, the absolute fitness of either cannot 
be determined @ priori without a more or less complete 
knowledge of the effects due to both its chemical compo- 
sition and methods of ? ocean 

It is with a view of e our Fe ae knowledge, 
and thereby facilitating the rem pe e physicist or engi- 
neer, that we have written this ot ieving that com- 
plete chemical investigation should always precede physical 
tests in order to render the latter valuable. 





WEST OF SCOTLAND ASSOCIATION OF 
GAS MANAGERS. 

Tue eighth —. meeting of the West of Scotland 
Association of Gas ae oF was held at Hamilton on 
Thursday, the 29th ult. er the presidency of Mr. Robert 
Mitchell, Fas emery che as Works. There was an unusually 
large attendance of members, and active countenance was 
taken of the meeting by the presence of the Pesca of of 
Hamilton accompanied by sev r members of the 
Corporation Gas Committee. The minutes of the Committee 
of Management, which served as their report for the past 
half-year, were read by the secretary (Mr. Samuel Dalziel, 
Corporation Gas Works, Kilmarnock), and unanimously 
approved of. The election of office-bearers for the ensuing 
year then took place—Mr. Robert S. Carlow, a former 
secretary, being elected President; Mr. Dalziel, Vice- 
President; and Mr. John Johnstone, Secretary. After 
the transaction of some other business, 

Mr. Mitchell proceeded to deliver his valedictory address. 
= a yp of some ny Sage remarks, he amg nag Fon 
the place of meeting as being a appropriate one, the 
town of Hamilton being surround ied by a perfect cordon of 
coal pits and being regarded as the centreof the qoalindnatey 
of Lanarkshire ; and the appropriateness of the m 

place was at once seen when it was considered how inti- 


peer a the Association was connected with the destructive | °° 


distillation of the produce of those pits. He subsequently 
went on to remark that since the “‘ electric scare”’ two years 
ago, every gas engineer been more than ever diligent 
in research—experimenting and wor out some scheme 
which might be instrumental in cheapening the production 
of gas, whether in the retort-house or any part of the 
—— or in the proper combustion of the gas after it 
was p For their arduous labours such persons 
deserved the best thanks and encouragement of all the 
members. But what, he asked, had been the — of the 
last two years’ experience ? In attempting to reply to that 
question, he said they had reached a point where was 
an appearance of a thorough revolution of not a few systems 
of working; and as the retort-house was the most im- 
portant place in which any change could be effected that 
would have a direct influence on the reduction of the first 
cost of the — produced, he deemed it proper » con- 
pone in , the various systems now in operation in 
pect oF quasaies furnaces, mechanical stokers, and 
slieations on the hydraulic main, with and without dips, 
with and without valves, or even working without the hy- 
draulic main. Mr. Mitchell then made some practical Aad A 
upon the furnace, especially in its relation to the question of 
the economy of fuel; upon the mode of building the re 
bench, and on the best kind of retorts, their dimensions, &c., 
for advantageous working. He then spoke at some 
and in favourable terms, of the application of Siemens’ gas 
tive furnaces, and of that wn as Occhelhanser’s 


gas generator, the latter being suitable for adoption in any 
of our gas works with but a very slight alteration. By the 
carl work . af the desired 


ithe ent an these — . tem- 
‘orm regulating the propor- 
sie intensity of the flame 


Soemee 

van 

the waste heat of the flues to heat the air previous to its 

admission to the ovens, and was done by means of an in- 

— arrangement of vertical flues and small dampers. 
0 


in 
erence being made to West’s 
stoking machine, as used at Manchester, and to Warner's, 
as recent] ‘rowgit into use at South Shields Gas Works. 
Mr. Mitchell urged the importance of every 
manager havi means of sa himself as to 
position he attained in the — of gas from the 
seatesiel employed, "aes: Gated, that it was essential that 
he should make tings of the ae at his 
works, because although an nleis of the coal 
at the pit at any particular date might be correctly 
it might bear a ae 
from the same seam that day = months. He gave in- 
gg dow g examples to illustrate his remarks on this topic. 
. Mitchell afterwards made some remarks bearing on 
ihe re oe that were to be em gee before the members in 
be read at the meeting, and thereafter ht 
address to a close; and he was a a 
very boarty vets vote of thanks for the same. 


(Dumbarton Corporation Gas | ; 


Works), por Bas opened what became a long and 
anima’ mith the Ne roposal for the amalgamation of 
the ——_- — the —_ ‘with tho Instn a on 
Managers, whic oO wi e nam ly 
ioeeety i of — — _— y yom in mermra A a rs 
'y in favour of the Association main’ its separa 
existence, and the notion of an amalgamation was therefore 
departed from. 

. D, C. Niven, Dunoon, read a paper on “‘ The Elabo- 
rate and Tedious Thermometric and Barometric Calculations 
relative to Coal Gas, Simplified.” He showed the necessity 
for gases being being reduced to like conditions before exami- 
nation, that ,there should be some definite unit as a 
standard for le a ag a | pressure 
were all-important factors in such conditions ;‘ and he 
also showed That at the es oo and barometer, in their 
construction, implied p laws, which had been de- 
termined by exact maekticnesh, and could therefore be - 
plied through definite calculation. After having 
critical review the formule of Clegg, Wright, and othend, 
together with the common process of ion for 
corrections of temperature and pressure, as quoted from 
the usual text-books, he gave numerous exam illustra- 
tive of his mode of out the necessary calculations 
in regard to coal gas under the varying conditions of tempe- 
rature and pressure, and they were so simple, easy, and 
expeditious as to indicate very wiaty that he had made a 
decided advance over the usual tedious processes. A feeling | V: 
ly expressed, both during the discussion upon the 

per and afterwards, that Mr. Niven would confer a 
fevour upon the members of the Association if he were to 
give them the benefit of his studies by preparing tables for 
use in photometrical canine 
At the close of the on Mr. Niven’s Paper, the 
members, on the invitation of Provost Forrest and the Gas 
Committee of the Town Council of Hamilton, visited the 


was stro’ 


improved. The visitors were condvsted over the works by 
Bailie oe Convener of the Gas Committee) and the 
manager, and making a critical inspection of the same, 


‘they were served with a very welcome refreshment. ity 


ness was shortl. ig * Catone oF @ 
the reading of a paper r. John yer, 
Glasgow, on ‘“‘ Painter’s Hyarosiatis drostatic Joint for Gas and 
Water Mains,’”’ in the course of which he gave a ba 
comprehensive statement that invention. 
treated of the nature of the joint, and of the mode in |™ 
which it is produced, and dwelt at some length on what 
are believed to be, or have, in actual practice, been de- 
monstrated to be, its characteristic advan The 
paper excited a great deal of interest on account of the 
novel manner in which the lead joint is effected by the use 
tic pressure 


of a 

The next was y Mr. William Brodie, gas 
Paisley. pen ook ly practical paper on “‘ Or Gathalia: 
Construction,” ‘nd contained many usefal hints on plan- 
ning gasholders of different sizes, and in using the same ; 
an professional experience 

ully thirty years, he certainly placed the 
the Association under a deep debt of gratitude 


Mr. L. Monk, of Lanark Gas Works, had been 
to submit Pd he on “ AnIm 
suitable for pr med ere in Si 
but as one similar to that ; ian 


ins operat: at another works, 
cca eenere S 
Se ciatio 

ry ‘on Mr. G 


aro at ine we nid . 


committee rato em remitted the sty 











ve 
* In an early issue we propose to publish 
paper with illustrations.—Eb. E. 


aa relation scree may platelaying and the erection 


works, which have lately been very much extended and | * 








che co. season. 
good = and 
Railway Progress in ope —The contractors for the 
imimeatly. re whe Ton al be ons 
ne w co 
pleted to Tapanui by a of jue vod b- 
uced | the end of June. The 
finished, the pri 


South African Railways.—At a recent railway dinner 
at Beaufort West, Mr Eaing, one of the South African 
ministers, said it was the in he Cape Govern- 

ment to propose an extensive scheme of ara. 

He was not yet p to state what its ramifications 
would be, but one portion would be a junction of the Beau- 
o rt with the — would be extented wtimaily othe 


Dinncud Fields, bat what the be had 
01 w recise route 
not been decided. : 
Melbourne Harbour Trust.—Until a change of Govern- 
: Trust 


Sir John Coode. Minor works, 7 
the ‘foreshore at Williamstown, to cost 50001., 
of the Yarra, are in progress. 


Tron in Vesta, —A has been read before the 
section of the 4 w York Academy of Sciences, by 
Teleston, on the coal and iron resources 
he professor observed that the pene hog 
which hich divided Virginia put all the coal lands in West Vir- 
ore remarkably tic, yielding all irginia. The iron beds 
all 7 a ce within a vey 
ng ue Ridge, are t 
henandoah Iro 


Vigan 


F beds, 
in of oer averaging from Apr cant to per ont aad 
line of ores ave cent, to 55 per cent. 
mee ce good as those of 
Superior. of spglae Staunton, 1 100 miloe ath ot James River, 
there is a series of mountains made up almost entirely of 
iron ores. ago, asthe ich irom beds ar’ on Yh no o 


re 


several years ago, as the rich iron beds are on the line 
ee ae » and fens mninmnrfirciny 
Some of t' furnaces prospered, while others stand to-day 


shonmuanie el synch atieier The ore beds are admirably 
oon , and on account of the outcrop on the 

side operations can be carried on without 

A ee were worked by charcoal, 

but now the coal iron are brought together by railway, 
See 2 promises to be very 
erate Government tried to get iron in 


struck points 
jo all Phe “ua ney ae the iron wae 
large, so tha’ secured very poor iron. There is bu 
one co) yo ia, and the general idea is that 
the coal cannot be well made into coke. If an in- 
dustrial were made, and the results pu’ 
capital would in, and the State would have an era 


he | prosperity such as it has never yet enjoyed 
Water 8 Adelaide (8. —The total 
of water eee 4 Adelaide, oth, a, ee 
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of the itude of the system can be gathered from the 
fact that the Adelaide water area now comprises 100 square 
miles of country. 
Canadian Railways,—The of the Quebec 
Centon Railway has me completed from sy to 
Sacre Coeur, oumey: F Daanes laid to 
within 20 miles of yr ae and it is fh oantisipated that the 
line will be completed inthree months. 
Steel Blooms in the United States.—Some foreign steel 
blooms which have becn received at the Superior Rail Mill, 


Pittsburgh, have been found to be cheaper than the 
American article, have given entire satisfaction. The 


firm have contracted for about 15,000 tons, which will last 
. considerable time. blooms are of Austrian manu- 
acture. 


Australasian Rai Construction.—At the com- 
mencement of 1879, the 
course of construction in the mem! 

ery a New South Wales, 207 miles ; 
Victoria, miles; South Australia, 358 miles ; Queens- 
land, 880 miles; and New Zealand, 142 miles. The total 
is 1159. miles. 

The Australian Coal Trade.—There has been a pots 
sto’ of the coal-carrying trade between Newcastle and 
Melbourne, owing to a restriction over onl upon the export of 
coal from the former port under the vend system. The 


At the 


cost of mining for it. 


Tampi 
Republic. 


ico, in 


Ramon de 


structure, with a h 


ed to, 


ected from Pretoria in the Transvaal Republic to Delagoa 
— The total length of the line from Pretoria to the 
one ay in os Pectent kes territo a 
340 miles, and as Portu i - 
the work, there will be only 290 miles for the > Tunanveal 
undertake. Coal can be tapped in New Scotland ata Gitaes 
of 169 miles from the railway terminus, and it is extremely 
probable -_ it may yet be found much nearer to the coast. 
however, it is certain that locomo- 
tive fuel — be obtained of good quality, and at the mere 


is calculated to be 
on doin 


Tampico Lighthouse.—The Keystone gine Company is 
completing an iron tower for a second lig 
erected at the eo a. Tampico, at La Barra de 


thouse, to » 
‘amaulipas, in the — 


This structure has been built by order of 
General Don Vicente, Riva Palacio, late Minister of Public 
Works, of the Mexican Republic, and under a contract 
signed between the Keystone Bridge Company and Don J, 
Ybarrola, engineer to Government, 
ander whose direction and inspection the whole work has 
been executed. The Tampico lighthouse is a skeleton 


to the Mexican 


base of 20ft. 7in. length of 


the perimeter side. At the corners of this hexagon are 
heavy cast-iron discs 4in. to 6 in. in diameter, 13 in. thick, 
stiffened with six radial ribs. They rest on the masonry 
Sogptation, sad ens cusntoat toa 
bolts, each Sin. in diameter. From the 


epth of 10 ft. with six 
hubs of these 


Australian A Company, whose coal is used for 
the manufactere of gas in 3 urne, has temporarily ex. be corn de diameter, and 1} in. tof in: thbseoees, and 
ceeded the limit of ‘production all wed under agreement | 5 height of 110ft. 6 in-, in towards the centre in such 
with the miners, whose union is interested in keeping up|. manner as to form an upper of 6ft. perimeter. 
the price of coal. For the present Poveral of the lege or 12 ft. diameter. ing and revoly- 
steamers of the Melbourne Steamship Com have been paratus, which are already in Tampico, were pur- 
laid up, pending arrangemente for obtaining on coal from other ae oe some time since by the Mexican Goverauens | in 
ali - eee Birmingham, England, are jn every respect first class. 

n oast Sw A survey @ Queens- lding —At Green 

land coast carried . at the ‘int expenre Of the Imperial oe . nf apne beat ps pt ar t, in a 
and Queensland Go eee cup a | Met Sod ee ich is to be 
close of 1879 on the score of During the past | 9g 16pf. beam, and Sift. draught of water. 
the total number of miles was upwards bree revenue cutters for the Mexican 


ine, and an area of w over, 
that the season was commenced six weeks 


Pretoria and Delagoa Bay Railway.—A railway is pro- 





S| caren a 
arnt af mae Tus are tobe conspicted by Aeit 15. 
is further oe te oe eee 


April 15. 
t of water. At the 
‘oulks, Greenpoint, 





be of oak, chestnut, and yellow pine, and they ae each 
125 ft. long, 31 ft. beam, 8} ft. draught of eaten, 


—— 


, 90 ft. long, 24ft. beam, and 8 ft. draug’ 
a steam tug boat 100 ft. long, 20 ft. beam, 


oe ee 
and 93 ft. draught. 


South African Railway Econo 
the ene department of t 
Eastern Railways of British South Africa has in 


he Miah The 


Lfessrs. 


hty and Kapalla are building a steamer for Nev York 


ht. They 


business of 


and North- 
creased to 


oe an extent that ue ayant shops at Uitanbage are 


balding Stag hes boon or behind open Kanaan engineer's 
as been maintenance ~ 
office. This building will be used as a storeroom b; _ 


locomotive d 

light iron Hee 

ings several importan 

the tools; the most noticeable of these is a hea 
e, capable of —s in work u 

now contains several wolonfal b 


pie. ple sh 
mule saa entirely of teak. They are substantially built, mt 


are considered to have several 
Aftcan Nines. 
first-class 


each side instead of four. 
arms which lift back, 


ent. 


Tt is 100ft. by 40ft., and 


In the machine rooms of the main build- 


of construction. “These 


to i 


t additions have lately been made to 
mortising 
6in. The 
uilt bo ad 


improvements upon the 
carriages at present in use on the South 
They are 7in. broader than the English 


carriages, and are arranged to carry three on 


The ca 
and one can thus 


into comfortable couches. 


French Bridge Building.—Contracts haye been taken 
for some iron bridges required by the Paris, Lyons, and 


editerranean 
131, 12s. and 131. 16s. 9d 





are furnished with 
convert the seats 


Railway word at rates ranging between 


Spreapine Sanp; Erratum.—In the avery line of 
Messrs. Garrett and "Sons’ letter on this subject 
385 of our last number, for “‘ would have’’ read wo uid 


travel.” 





Sree. Boats FoR CunTRaL ArrRica.—Messrs. Forrestt 
and Son, of Limehouse, have just completed to the order 


of the 


Government three steel 


teel boats built in sections 
for use in the exploration of Central Africa. Of these 


ft. | boats one is a sailing boat, the second a barge, and the 


third a steam launch. The last mentioned, which is con- 

structed so that the hull, boiler, and engines, can be easil. 
taken for transportation, was tried inst weak by 

the leader of the ition into the centre of 

Africa. The expedition is to start from the east coast. 

ee wegen Government eqpeats appears determined to establish 

fa. Conteal Aria. ae an OF pemeanh are 


to follow up the discoveries of our pioneers. 
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THE VIENNA TELESCOPE.—No. V. 


Tue following arrangement, which Mr. Grubb 
calls his electric control, was devised by him for 
Dr. Huggins’ use, and has been since applied to the 
Vienna instrument. Fig. 22 is an elevation and 
Fig. 23 a plan of the arrangement which is attached 
to the back of the main clockwork, and can be seen 
in Fig. 21 at E, but on too small a scale for descrip- 
tion. A is a portion of one of the uniform motion 
clock spindles, or any shaft coupled thereto. BBB 
are the three wheels of an ordinary mitre remontoire 
train driving by weight W the scape wheel c, into 
the teeth of which gear the pallets d d, which pallets 
are driven by the electric pendulum P. 

This electric pendulum is connected to and driven 
by a current from any independent clock. To 
the weight-carrying arm of the remontoire is at- 
tached a small chain or wire, which communicates 
any motion it may have to the lever L, from the 
other end of which lever hangs a weight , smaller 
than W, which weight is therefore raised when the 
remontoire arm is lowered, and lowered when the 
remontoire arm is raised. Q is a disc of metal ona 
vertical spindle of uniform motion clock and re- 
volving rapidly (say 300 per minute), When the 
weight w is below its mean position it is in con- 
- tact with the disc Q, and (the lower end of it 
being coated with leather) produces a considerable 
amount of friction, and therefore tends to retard 
speed of clock ; when the weight wis above its mean 
position it is altogether out of contact with the disc 
Q. The action is as follows: Supposing the shaft A 
to be revolving exactly 1 per minute, and the pen- 
dulum to be vibrating exactly 60 per minute, and 
that there are 30 teeth in scape-wheel, it is evident 
that the remontoire arm, and therefore the weights 
W and w, will vibrate backwards and forwards the 
same distance each second, and that the mean posi- 
tion of all will be the same each second. Under 
these circumstances, the weight w will be alternately 
0.5 second in contact with disc Q, and.0.5 second 
out of contact, and the uniform motion clock is 
rated per se, just so much fast that the resting of the 
weight w for 0.5 second in each second will bring 
the rate right. 

Now suppose an error of acceleration to arise in 
uniform motion clock, the mean position of remon- 
toire arm will rise; therefore w will fall, and, 
instead of rubbing in contact with Q for 0.5 second, 
it will rub for 0.6 or 0.7 second according to the 
extent of the error. This will tend to check the 
rate, and this check will continue till the relative 
position of the uniform motion shaft and of the 
intermittent or scape-shaft becomes as it was when 
clock was going correctly. 

If a retardation occur, the reverse effect will take 
place, and the weight w will rub for only 0.4 or 0.3 
second instead of 0.5 until the error be corrected. 

So far as described, Mr. Grubb does not claim any 
particular novelty, as he believes that most of this 
arrangement in principle has been tried before, the 
failures that have resulted being owing to the fact 
that it was found impossible to prevent the pendulum 
being influenced by the difference of force on the 
orn under varying circumstances, the pendulum 

ing in the former case driven by the scapement, 
not by electricity, as in this case. 

Mr. Grubb believes he has completely got rid of 
this difficulty by : 

1. Making the pallets (as they are not required to 
drive the pendulum) of such form that the teeth of 
a gs impinge upon them nearly at the angle 
of repose, 

2. By driving the pendulum by electric current 
from another clock—thus virtually rendering the 
pendulum not a pendulum at all, but a | Boon 
worked backward and forward by electricity, and 
not subject to alteration in its rate by slightly vary- 
ing force on the pallets. 

An arrangement is also attached (but not shown 
in the figure to avoid confusion), by which if either 
portion of the clock fail to do its duty from want of 
winding, want of electric current, or other cause, 
the connexion between the two systems is instantly 
severed automatically. 

Reading of both Right Ascension and Declination 
Circles from the Eye End of the Telescope.—This is a 
most important feature of this instrument, and one 
to which we would desire to call attention as being 
a speciality of Mr. Grubb’s instruments, and 
peculiarly useful in the case of such a large re- 
fractor as the Vienna. On page 115 ante, we 
drew special attention to the inconveniences aris- 
ing from the want of some such contrivance in 





existing equatorials, but the arrangement we now 
poouted to describe satisfies all the required condi- 
tions in the most ample manner. ; ; 

The various arrangements for reader and illumi- 
nation will best be understood by reference to the 
large two-page engraving of the instrument published 
in our issue of January 2, 1880. — ; 

At the eye end, and close beside the eye-piece, 
will be seen the eye-piece of a long reader telescope 
11, which breaks into the conical side of the main 
telescope tube, and terminates at its upper end 
(which is just opposite to the declination axis) in a 
right-angle prism p. This long reader is virtually a 
telescope carrying an objective some feet from its 
lower end. This telescopic reader is capable of 
rotation on its own axis, so that the prism at the upper 
end points (as shown in the engraving) through the 
declination axis, or to one side or other (through a 
hole in cradle) to one or other vernier of the decli 
tion circle. the position shown in engraving, the 
line of sight points through the declination axis to a 
prism at g, thence tor (both of these last prisms are 
carried not in declination axis, but on a plate sup- 
ported from crosshead by three bars 12), from r theline 
of sight points to a prism s, which once more bends 
on to the face of the right ascension circle mm, the 
lower limb of which is divided. The gas lamp é, 
hanging from same plate which carries the prism, 
sends a portion of its light from » to ¢, and thence 
to the same prism s close to the right ascension 
circle, from this it is directed on to the divided 
limb, and by tracing the direction of the rays it will 
be found that the light will be reflected from the 
divided limb at just such an angle as will send it back 
through the prisms s, r, 4 and p, and into the reader 
12, and thus a splendid illumination is obtained 
(quite sufficient even to read by daylight) from a 
very small source of light, for this is only one out of 
many Offices which this light has to fulfil. 





























If now the reader be turned about 90 deg. on its 
axis (which turning is effected by a handle near the 
Ft the prism p sends the line of sight out 
through a hole in the cradle, and to a prism placed 
in juxtaposition to one of the declination verniers, 
and thus the declination vernier is brought into the 
field of view. Another turn of 90 deg. in the op 
site direction brings the other vernier of declination 
circle into the field. 

_For illuminating the verniers of the declination 
circle the following device is adopted. Besides that 
portion et Oe light of lamp ¢ which we described 
as passing to right ascension circle through the prism 
wand i, a large beam is sent right theo the de- 
clination axis. The prism p (or its box) carries on 
each side a reflector at such an angle that 
when the line of sight of the reader is pointed to 
any particular vernier, one of these reflectors sends 
a beam of light directly on to the same vernier which 
the telescope is pointing to and at such an angle 


that the reader takes up the reflected ray. This 
contrivance, though troublesome to describe, is 
really extremely simple, perfectly effective, and when 
once adjusted cannot well get out of order. 

In order to prevent false light and reflections, the 
line of sight of the reader when used for the right 
ascension circle is carried through a small tube 
24 in. in diameter, which is supported in the centre 
of the declination axis, The remainder of the 
beam of light which the lamp ¢ sends through decli- 
nation axis is by no means wasted, a portion 
is used for a mirror for illuminating the wires of 
the micrometer on a bright field, and four strong 
beams are sent down the sides of the main 
tube through small tubes for illuminating the 
wires of the micrometer on a dark field; another 
beam is used for illuminating the position circle of 
the micrometer, and one more for the field of the 
finder. 

One or two points about this arrangement may 
require explanation. It would seem at first sight 
useless to employ the last prism s close to the right 
ascension circle, which might be divided in its edge, 
and thus dispense with that one prism, but it would 
not be ible to illuminate properly, divisions on a 
cylindric surface with this class of illumination, asa 
little consideration will show that only a thin line 
in the centre would be illuminated, and the ra: 
reflected from the other parts to each side would 
scattered, and wovld not find their way into the 
reader. 

Another point that may strike the reader is that 
the rays from the oe p will have a much longer 
distance to travel in viewing the right ascension 
circle than in viewing the declination circle, and 
therefore both cannot be in focus. This, however, 
is provided for by introducing an objective into the 
line of sight, and forming an image of the right 
ascension circle in such a position in the declination 
axis that the rays of light will have the same 
distance to travel in both cases, and therefore there 
will be no difference of focus. 

We annex two di Figs. 24 and 25, 
which represent the exact appearance of the de- 
clination and right ascension verniers, as seen in the 
field of view of this telescopic reader, and if these 
diagrams be held at a distance of 3 in. from the eye 
the magnitude will be the same exactly as if seen in 
the reader itself. 

On page 310 we promised to describe how the 
assistant from ground level could read the lower 
right ascension circle. Reference again to the two- 
page engraving, page ]0, will make this evident, 

t the south end of the equatorial where the 
assistant stands will be seen the eye-piece of another 
long reader telescope, which points at the circle dd 
on lower end of polar axis. This circle is illumi- 
nated by a lamp placed over the assistant’s desk, 
which sends its light up a tube placed parallel to 
abc, and is thus thrown on the vernier of the 
circle dd. This same lamp serves to illuminate the 
assistant’s desk and sidereal clock face in south end 
of framing. Thus the assistant can read his circle b 
the reader a 4c, and set by the handle » if required. 

We publish this week a two-page engraving of 
the new observatory at Vienna, which will contain 
the telescope we are describing. Our description 
of this building will be given in an early number. 





JAPANESE METALLURGICAL 
PROCESSES.—No. V. 
By Epmunp F. Monpy, F.C.S. 
CoprER—continued. 

Peruaps the most interesting feature of the 
Kosawa Works is the assay room, where samples 
of all the different lots of ore are assayed previous 
to smelting. This assay room is about 30 ft. 

uare, and has along one side and part 

of another, a set of fifteen small roasting kilns 
about the size of an ordinary fireplace. There are 
eleven of these filling up one side and four are 
placed along the adjacent side. At about the middle 
of this latter side and a short distance from the wall, 
a small hearth blast furnace is placed; this is 
exactly similar to those used in the smelting opera- 
tions, but is more smoothly and regularly formed. 
The dimensions of the cavity or hearth are 9 in. 
long, 7 in. wide, and 4 in. to 5 in. deep, the inside 
being smoothly and evenly curved at all parts. 
The roasting kilns are placed with the bottom of 
the inside just a little from the ground, heing open 
at the top and provided with a hole at the bottom 
of the front face. They are about ths of a cubic 
foot in capacit; 
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Two kuwamme of ore (16$rd lb.) are treated at a 
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time. It is first roasted fora day in one of the 
small kilns with charcoal as fuel. The fire is first 
lighted, and as soon as it has burned up the ore is 
spread over the top, the fire is then allowed to burn 

owly down, fresh fuel being added from time to 
time, Owing to the smallness of these kilns there 
is little through draught, and consequently onlya very 
moderate temperature exists, but sufficient with the 
free admission of air to uniformly roast the ore. 
The men stated that the ore was subjected to two 
roastings, each of three days’ duration, but in a 
written statement in Japanese received from the 
office it was stated to be one day only—this latter is 
more probably correct. 

The roasted ore is next smelted in the small fur- 
nace, an operation lasting somewhat less than an 
hour. It is conducted with great care. The blast 
is produced by a small box bellows of the ordinary 
type, great care being taken to give a uniform 
blast. When thoroughly fused, the live charcoal is 
taken to one side and the slag carefully removed 
in cakes formed by throwing water on the surface 
of the molten mass, a small pointed iron tool 
being inserted just beneath the surfaces to remove 
the cake as soon as formed, In this manner the 
whole of the slag is first removed, after which the 
regulus is taken off in the same manner. The lump 
of co is allowed to cool in the cavity, and when 
solid is taken out and weighed. The regulus is care- 
fully collected and is also weighed, and from its 
appearance the amount of copper it contains is 
roughly estimated. 

e usual yield at present is stated to be from the 
2 kuwamme of ore: 
we a 
Co; ‘ed eee - ‘ =1, 
pl ong on ese 180 = 1.5 
The regulus containing 75 per cent. of copper. 
This gives an average i? of 16.25 percent. of 
copper, It is considered as badly dressed if it con- 
tain as little as 14 per cent., though in 1876 it is 
stated to have been as low as 10 per cent. 

The average production for the three months 
ending July, 1877, was given as: 

Kuwamme,* tons. 


Dressed ore per month ... 51,052 = 189 
Copper... eee ees 9,187 = 34 
Giving an average yield of about 18 per cent. on the 


ore. 

This production is equivalent to 408 tons a year. 

The following Table of wages given by Mr. 
Plunkett in his report, is of interest. As that gentle- 
man remarks, it will give a fair idea of the wages 
usually paid to miners in the northern part of Japan 
at that time, 1876. Wages are, however, higher in 
the south, and are doubtless still increasing. The 
sums mentioned include the money paid to each, as 
well as the value of about 21lb. of rice supplied 
daily as food : 

Table of Wages Paid at Ani Mines per Day. 
MEN. 


Approximate 








the early part of the journey the river is closely 
hemmed in by hills on either side, but after a time 
it widens and the speed of the current is reduced. 
The whole of the adjacent low-lying land consists 
of light alluvial soil for many feet in depth, the top 
layers being of a rich deep black, beneath which there 
is sand. This material has, beyond doubt, been 
wholly derived from the mountains by the process 
of denudation in comparatively recent times, being 
brought down and heaped up on both sides by the 
many rivers and streams abounding in this part, 
and through which these rivers are now at work 
cutting out new beds for themselves, Evidence of 
this ever-shifting process is to be seen at every 
bend in the river’s course in the banks con- 
tinually crumbling away, while trees in consider- 
able numbers are carried down by the stream, 
and others overhang the banks in all stages of in- 
stability; here the river divides into two rapid 
currents to meet again further down, thus enclosing 
a track of land now being quickly washed away by 
the ever-rapid current, This entrapping of land is seen 
in all stages of progress and decay, from the islet 
with its fresh vegetation and narrow newly made 
stream on one side to the wide bed of the river with a 
mere shoal in the middle, marking where a similar 
islet existed. So rapidly is this process of degra- 
dation proceeding that it is doubtful whether many 
of these entrapped tracts are more than a few 
years old. In many parts the farmers may be seen 
——- the banks against further encroachments 

y throwing against them large bamboo bags, filled 
with massive boulders ; these are made in the form 
of long sausages, and they are placed in such 
a position that they are somewhat interlaced and 
afford support to each other. For some dis- 
tance down the river the scenery forms an ever- 
changing panorama. At a distance of eight to ten 
miles below Yonesawa, it enters a gorge cut through 
a hill, the banks of which on either side of the river 
stand almost perpendicularly from the water's edge, 
for a height of about 200 ft., presenting faces of 
almost horizontal and remarkably distinct interstrati- 
fications of sandstone and shale, the former predomi- 
nating, and varying in thickness from mere bands 
to beds of 10 ft. or more, The faces of these banks 
are practically bare, and are worn away in all manner 
of fantastic shapes. A little beyond the commence- 
ment of these, the river widens out, but almost im- 
mediately is again reduced, and taking a sharp turn 
to the right, it flows rapidly through a narrow gorge 
enclosed on each side by precipitous banks some 
400 ft. high. At the ae in its course the river is 
cutting away its left bank, which at this point 
consists of soft alluvium partially filling up a 
valley cut out of the hills of sandstone and shale 
through which it passes. 

When about 3} miles distant from our desti- 
nation, eee we joined the main river, 
which is own by two names—the upper 

being named the Shinaigawa, the lower part 
the Yonetsurngawa. After turning into the main 
river, we continued for some time to pass high 
banks of sandstone and shale, but further down 
they appear to be of a much more consolidated 
character, in many parts boldly resisting the action 
of the river, and giving only here and there any 
indication of stratification, when it is seen that they 
are losing the marked horizontality at first notice. 
able, and now begin to have a dip to the east—that 
is, inland, The confluence of the Fujikotogawa 
with the Yonetsurngawa is now reached, and from 
this point there is a d view of the mountains 
lying to the north—the Komakadakiyama in _— 
cular being prominent ; near this mountain the Daira 
lead mines and works—one of the branches of the 
Ani mines—are situated. On the east bank of the 





Fujikotogawa, a short distance from its point of 
confluence, is situated the Kagoyama refinery estab. 


As the refining operations are generally carried 
out at distinct works, a description of Kagoyama 


Class. | Japanese Cash. English Value. 
ais d. 

Head coolies ... 1188 f 5 

Miners ... , Se 996 

Trammers _.... | 741 

Surface wood carriers) 904 4 

Washing 1153 5 

Calcining a — 892 44 

Smelting eco $ 796 4 

Powdering slag | 680 | 34 

Surface carriers “| 1088 | 54 
WomeEN 

Trem amare vial 74h 3} 

——_— . = 837 it lishment, 

Calcining ini at 741 at 

Powdering slag | 680 3 

Surface carriers ci 1088 54 
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After staying nearly two days at Kosawa we 
proceeded to the Ani refinery works. These are 
situated on the Fujikoto river, a little above its 
junction with the Noshirogawa, which is the name 
given to the Yonetsurngawa near its mouth. The 
first stage is a return journey as far as the village 
of Midzunasu, and the rest of the journey is by 
boat down the Anigawa and Yonetsurngawa, In 
this journey the writer had the good fortune to 
have the company of one of the officials of Kosawa, 
who was also going to Kagoyama on business. In 


will be deferred until after the several ore smelting 
works have been noticed. 

From this place the journey was continued by 
boat down the Noshirogawa (literally ‘‘ White 
plain river” from the extensive snowfalls here in 
winter) for a further distance of ten miles to 
the town of Tsuragata on the main road along the 
west coast. In this distance the hills graduall 
give place to a low-lying country, which, though 
cultivated to only a small extent, yet appears re- 
markably fertile. From about four miles before 
reaching Tsurugata, the river Ss over a remark. 








ably well-defined lava flow, and has apparently cut 








into it to a depth of 10 ft. to 15 ft. at some parts. 
The roughly torn edges of this bed of lava which 
forms the river banks, bear a marked contrast to the 
rich black alluvial soil which covers it to a depth 
of only a few feet, and give it the ap ce of a 
consolidated stratified deposit, such as a shale, for 
which it is easily mistaken. 

From the general appearance of the surrounding 
country there is little doubt that it derives its 
gradual sloping form from this lava bed which 
appears to extend from the mountains down to the 
sea, and to be of considerable width. The river 
banks are very low for some four or five miles 
above Tsurugata, and much of the land lies below 
the average level of the surface of the river. This 
accounts for the scanty cultivation of the land, as it 
is open to the Nomen of the river during floods, 
which usually occur five or six times a year. 








ON THE REMOVAL OF RIVER BARS 
BY INDUCED TIDAL SCOUR. 


A I. J. Mann, C.E. 
(Contin rom page 475, vol. exvii. 


From the considerations and the evidence ad- 
duced in our previous articles on this subject, it may 
be taken as unquestionable that the motion of sea 
waves is such that sand and other materials exposed 
to their action are freely transported by them ; and 
that considerable wave disturbance of the bottom 
occurs in depths much exceeding those met with in or 
near the great majority of harbours and river em- 
bouchures. 

Apart from local circumstances, and the influence 
of currents, the prevailing movement of the sand, 
&c., so far as waves are concerned, will generally 
be found to take place in the same direction as that 
of the wind which produces the greatest agitation 
for the longest time. When wave disturbance of 
the bottom occurs in the open sea, permanent trans- 
ference of the sand in any one direction is counter- 
acted by the variety of directions in which the wind 
blows; but in the vicinity of coasts where the 
shelter of the land prevents off-shore winds from 
producing waves of sufficient size to disturb the 
bottom, the effect of the on-shore winds remains to 
a considerable extent uncounteracted and accumula- 
tion occurs. The existence of what has been aptly 
termed ‘‘ the zone of sanding up”—for the univer- 
sality of which however there is perhaps hardly 
sufficient proof—appears to be principally attri- 
butable to this cause. 

There is sufficient evidence to show that bars are 
occasionally formed by wave action alone; for 
example, that at the mouth of the Swan River, on the 
West Coast of Australia, where there is practically a 
total absence of tidal currents, spring tides rising only 
from 1 ft. to 1} ft. ; while at the mouth of the Yarra 
Yarra, on the south coast of the same country, there 
is no bar, the conditions as regards tidal currents 
being the same in each case ; in the former instance 
the entrance of the river is fully exposed to ocean 
waves, but in the latter the river discharges into a 
sheltered estuary. 

A somewhat novel method of dealing with bar 
improvement has been suggested by Mr. H. F. 
Kapp, in a paper recently read before the New York 
Society of Engineers, which is deserving of brief 
notice. Having shown from theoretical considera- 
tions that the action of sea waves on a sand-covered 
bottom is to build up bars and shoals in situations 
favourable to their formation, he proposes as a 
remedy to construct a submerged barrier directly 
across the mouth of the river or harbour seaward of 
the bar proposed to be removed, the height of the 
barrier being regulated by the depth of water it is 
desired to obtain over the bar. The effect of such 
an arrangement is described as “‘ destroying the 
building up power of the waves, and leaving unim- 
paired the full force of the river.” 

Apart from the great difficulty and cost of 
constructing such a work in an exposed situa- 
tion and in deep water, and presuming the re- 
sult to be such as described, the remedy would 
obviously be of but a temporary characier, the de- 
tritus from the river arrested on the one side, 
and the sand thrown up by the sea on the other, 
overtopping the crest of this submarine breakwater, 
would ultimately produce a much more formidable 
obstruction than the original one, so that in all 
probability the last state of the bar would be worse 
than the first. , 

Wave disturbance, however, becomes a beneficial 








element when induced tidal scour is employed for 
bar removal or improvement, causing not only a 
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greater quantity of solid matter to be removed by 
the outgoing current, but also enabling it to 
carry the material toa much greater distance from 
its original position. 

Artificial means of various kinds have been 
resorted to for the purpose of stirring up the, bottom 
during the time that the ebb or scouring current: is 
running out over the bar or shoal. A harrow! 
drawn wards and forwards along the bottom by 
a steam tug has not unfrequently been employed. 

In the early of the present century a machine 
termed a scrubber was used at Dublin for the same 
purpose ; it consisted of a wooden raft or float to the 
sides of which were attached a number of vertical 
rodssliding in guides, so that they couldaccommodate 
themselves to the varying depth produced by the 
falling tide ; the lower ends of the rods reached to the 
bottom” and were furnished with wooden spheres 
armed ‘witha number of iron points, This 
scrubber was anchored on the bar and kept in motion 
by the waves; its use, however, seems to have been 
abandoned after a short time. 

M. Bergeron proposes to produce an artificial 
agitation by causing a number of small jets of water 
to impinge on the surface of the sand, and describes 
his apparatus as consisting of a horizontal cast-iron 
pipe perforated with holes from }in. to 1 in. in dia- 
meter and about 2 ft. apart ; to each hole is fitted an 
india-rubber pipe terminated with a metallic nozzle 
which is allowed to hang close to the bottom, a 
vertical cast-iron pipe and flexible hose making con- 
nexion with powerful force pumps. placed on the 
barge from which the apparatus is suspended. The 
continuous action of the jets forced through the 
nozzles is described as producing a series of deep 
furrows as the barge passes over the bar, these 
furrows being subsequently levelled by the current. 
The author is not aware that this apparatus has 
ever been used in practice. 

Ordinary screw propellers have been employed at 
Rotterdam for «similar purpose within the last few 
years, and are said to be effective. The propellers 
are so arranged that they can be lowered to any re- 
quired depth within practical limits, and are made 
to revolve close to the bottom. 

Mr. C. J. Applebe mentions that on the River 
Maas two propellers of about 3 ft. 6 in. in diameter, 
driven by a 12 horse power engine, and working iu 
a depth of about 13 ft. of water, lowered a shoal by 
about 3 ft. ovér‘an area of 1200 square yards, the 
time occupied being about forty minutes. 

It is manifest, however, that the successful appli- 
cation of artificial expedients, such as those just 
described, depends almost entirely on the presence 
of natural currents, the strength, continuance, and 
direction of which will enable them to carry away 
the disturbed material into deep water clear of the 
bar or shoal, and whether it is pro to treat 
these obstructions by employing the aid of mechanical 
contrivances or by induced scour, an accurate 
knowledge of the existing currents becomes of the 
first importance. Failure may not unfrequently be 
traced to the want of sufficient investigation on this 
point. 

The attempted improvement of the Rhone bar 
may be mentioned as a striking example. This river 
previous to the year 1852 flowed into the Mediter- 
ranean through a number of branches, and in that 
year it was determined to scour away the bar by 
closing all the mouths except the principal one ; the 
river was thus narrowed two to two and a half miles 
at mean-water level, and its waters confined in one 
channel by training banks. 

It was assumed that the littoral currents known 
to exist in that part of the Mediterranean would 
carry away the sand removed from the bar, clear of 
the entrance, The result, however, was merely a dis- 
placement of the bar to a position further seaward, 
the littoral currents having failed to act in the 
manner expected. In 1856 it had advanced about 
4000 ft. into the sea, and rendered the navigation 
more dangerous than before. The littoral current on 
which the whole success of the scheme depended was 
then made the subject of investigation, and it was 
found that it existed only at the surface, and that 
at a depth of 6} ft. there was still water. The pro- 
ject was, therefore, abandoned and a locked ship 
canal turning the flank of the bar has been since 
constructed. 

A full and accurate knowledge of existing currents 
as re their extent, velocity, and direction, is 
therefore of the highest importance in dealing with 
obstrnctions such as those under consideration. We 
may confine out attention chiefly to the principal of 
these, namely, river and tidal currents; there are, 





face, practically, 


however, others which in certain localities cannot be 
neglected, as, for example, those produced by the 
action of wind blowing continuously in the same 
direction, a familiar instance of which is presented 
by the Gulf Stream, The effect of wind in aug- 
menting or retarding tidal currents has already been 
noticed. 

In ordinary rivers of moderate dimensions the 
maximum velocity of the current is generally 

ed. to oceur ata level slightly below the sur- 
, however, the surface velocity at the 
centre is the maximum, from which the mean and 
bottom velocity may be approximately derived by 
Prony’s formula, viz. : 
mean _greatest+ 7.71 ft. per sec. 
greatest greatest + 10.28 ft. per sec.’ 
the bottom velocity being about as much less than 
the mean as the test is greater than the mean. 

Considerable it has been thrown on this part 
of the subject by the experiments and researches 
made by M J.J. Révy, under the direction of Mr. 
F. Bateman, and published by the former in his 
‘« Hydraulies of Great Rivers,” in which the follow- 
ing conclysions are mentioned as the result of 
observations of the La Plata and Parana: 

1. At a given inclination surface currents are 
governed by dépth alone, and are proportional to 
the latter, #.c., with double the depth the surface 
current is twice as great, with treble the depth three 
times 1 apa d so on, 

2. The current at the bottom of a river increases 
more rapidly with the depth than that at the surface. 

3. Thatforthe same surface current the bottom 
current will be greater with the greater depth. 

4. That the mean current is the arithmetical 
mean between that at the surface and at the 
bottom. ¥ 

Holding these laws in view, M. Révy considers 
that the gradual formation of banks, islands, and 
channels of great deptir. is readily explained: 
‘* Wherever the estuary igsballower the current is 
weaker, and deposit of earthy or sandy matter will 
not only take place more rapidly, but when deposited 
it is leas likely to be removed by the current which 
may be only one-half or dne-third of that existing 
at the gréater depth,” the"shatlow parts becoming 
thus more and more shallow’ until they reach the 
level for growth of vegetation. 

That friction on the bottomis the cause of dif. 
ferent velocities at different depths, and therefore 
inan open channel free from Joeal disturbances, the 
current of maximum velocity stiduld establish itself 
at a maximum distance from the retarding force, 
namely, at the surface. Ma 








ond 
If the laws just enumerated are true in the case of 
great rivers, there can be little doubt that they hold 
good for tidal estuaries, and we are therefore justified 
in believing that if the scour is able to commence 
the deepening process, the increased depth and the 
attendant increase of the bottom current acting and 
reacting on one another, will tend to make the 
deepening continuous, until some new force is 
brought into action to modify this result. Some of 
the conclusions arrived at by M. Révy differ con- 
siderably from those generally admitted ; they have 
not, however, as far as the author is aware, been 
questioned, and seem to have been obtained from 





numerous and carefully conducted experiments ard 
observations, 


_ The following Table of velocities founded on those 
given by Du Buat and Beardmore shows the ap- 
— water velocities required to move various 
materials : 














Velocities. 

fe: a Hy 

Phe ry = 2 F Material. 

$3 | 32/28 

by oy sm 
0.50 | 30 | 0.34 | Will just move fine sand. 
0.70 | 42 | 0.49 99 coarse sand. 

1.00 | 60 | 0.68 9 fine gravel. 

2.25 | 185 1.53 ” pebb 1 in. diameter. 
3.33 | 200 | 2.26 4 » lbin.diameter. 
4.00 | 240 | 2.72 9” heavy shingle. 














Owing to the frequent roughness of the water in 
the vicinity of bars in exposed positions, there is 
occasionally some little difficulty in measuring the 
velocity of the currents at various depths. The 
extremely simple arrangement used by the author is 
shown in the annexed diagram ; the upper float is re- 
duced to a minimum in order to present as small a 
surface as possible to the action of the wind, the lower 
float is weighted so as to exceed very slightly the 
weight of the water displaced, and its distance from 
the surface can be regulated by the length of the cord 
connecting the two floats. After immersion the 
float is followed in a boat, and its position deter- 
mined every ten or fifteen minutes with an ordinary 
sextant. 
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CANADIAN RaILwars.—Surveys have been made for a 
railway bridge to connect the North Shore Railway with 
various American railways on the south bank of the St. 
Lawrence at Montreal. A private company is promotng 
the work. An official report, which will be submitted to 
the Canadian Parliament, is favourable to the project. 


QUEENSLAND RaILways.—A further extension (27 miles 
in length) of the Southern and Western Railway pen 
land has been opened for traffic. The trains now run to 
Blythedale, within ten miles of Roma. Tho other railwa 
contracts on hand in Queensland are being pushed on wit 
due despatch, and there is a better demand for labour in 

ce. The contractor for the Gympie and Mary- 
borough _ —e ee yb 500 men, hme the con- 
tractors for the Northern notified they 
quired 100 additional men. ' 9 
Tue Brooxtrn Bripaz.—The United States 
of War has ordered an official inspecti 
Bridge. General Newton, of the United States 
Corps, has received instructions 
amination and 








main object of the inquiry i i 
that there is a clear height of 135 ft. 
This was the distance au 


Bw Powe ~ 
bed of the roadwa ti thorised ‘by 
when the work was commenced. An 





the Secretary of War 
examination has been ordered not only for ascertaining the 
height referred to, but also as to ether miner meatus in 
connexion with the construction of the bri 
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AXLE LATHE. 


CONSTRUCTED BY MESSRS. FETU AND DELIEGE, ENGINEERS, LIEGE. 


hee oe Be ee 


Fig. 1. 





WE annex engravings of a lathe for turning railway 
axles, constructed by Messrs. Anton Fetu and Deliége, of 
Liége, a special feature in this lathe being the arrange- 
ment with which it is fitted for turning the central 
tapered portions of axles. For this purpose each of the 
two slide rests, with which the lathe is provided, is fitted 
with a cross-slide having at the back an arm fitted with 
a block sliding in a recess in an inclined bar mounted in 
the rear of the lathe bed as shown in Figs. 2 and 4. 
There are, as will be seen, two of these bars, one for each 
slide rest, and they are so mounted that the angle which 
they form with the centre line of the lathe can be varied 
at will. These bars are set to the angle required for the 
tapered part of the axle, and it is evident that as the 
slide rests travel along the bed, the cross-slides will be 
actuated by the inclined bars, and the tool made to cut 
the axle to the requiredtaper. When turning the parallel 
portions of the axle, the connexion between the inclined 
bars and the cross-slide is of course thrown out of gear, 

‘and the cross-slides clamped down to the slide rests. 








DISCONNECTING COMPOUND ENGINES. 
WE give on the opposite page a perspective view of a 
pair of disconnecting compound paddle engines, lately con- 
structed by Messrs. Rankin and Blackmore, of Greenock, 
for the tug steamer Mount Etna, these engines being 
onstructed on the patented system of Mr. Daniel Rankin 
—a system which we described in this journal about 
three and a half years ago (vide volume xxii., page 255). 
The tug steamer Mount Etna, which is owned by the 
Queenstown Towing Company, was constructed by Mr. 
Robert Chambers, Jun., Dumbarton, and measures 145 ft. 
in length by 21 ft. 6 in. beam, and 13 ft. 6 in. in depth. 
Her engines shown by our illustration have high and 
low-pressure cylinders respectively 25 in. and 48 in, in 
diameter, the stroke in each case being 5 ft. The general 
arrangement of the engines is clearly shown by our en- 
gravings and the design is—as will be seen—very neat 
and compact. As we explained on a former occasion 
when dealing with Mr. Rankin’s systam of construc- 
tion, the high and low-pressure engines can be worked 
either independently or in conjunction, the compounding 
of the engines not interfering with their disconnexion 
or with the independent working of the starboard and 
port engines such as is often required in the handling of 
a tug-boat in confined situations. When the high and low- 
ressure engines are coupled, the high-pressure engine ex- 
austs into an intermediate receiver and thence into the 
low-pressure engine and condenser, in the ordinary 
manner; but when they are disconnected (by meane of 
the usual gear) the high-pressure cylinder, if working 
alone, exhausts through the receiver direct into the con- 
denser ; and if the pressure in the receiver exceeds 15 lb. 
per square inch the surplus steam passes into the atmo- 
sphere through a spring loaded valve. On the other hand, 
when the low-pressure cylinder is used by itself, the 
Steam is received direct from the boilers by means of a 


























reducing valvo loaded to 10 lb., so that, in effect, it be- 
comes an ordinary low-pressure condensing engine. The 
arrangement answers perfectly, and affords the advan- 
tages of compounding without impairing the handiness 
of engines which can be disconnected.* In the case of 
the engines of the Mount Etna, the high-pressure cylinder 
has been fitted with an expansion valve, while coiled 
springs have been substituted for the escape and reduc- 
ing-valve weights which were applied to the former 
engines made on the same type by Messrs. Rankin and 
Blackmore. 

The engines of the Mount Etna are supplied with 
steam at a pressure of 70 1b. from two horizontal 
tubular boilers 10 {t.7 in. in diameter by 9 ft. 4 in. long, 
and having four furnaces, each 87 in. in diameter. The 
total heating surface of the boilers is 1900 square feet. 

The Mount Etna had her trial trip on the 17th ultimo, 
when she “ran the lights”’— from the Clock to the 
Cumbrae Lighthouse—at the rate of 124 miles per hour, 
the engines making 37 revolutions per minute, and indi- 
cating 500 horse power. That speed was accomplished 





pages 8 and 9 of our twenty-fourth volume we 
illustrated a pair of screw engines constructed on this plan 
for the tug-boat Otter. 





without the slightest symptom of heating being shown 
Everything worked with the greatest smoothness, not- 
withstanding the fact that the vessel had previously had 
only one short run, from Greenock to Dumbarton, to be 
finished by the builder. The repurts which have reached 
us concerning the subsequent working of the Mount 
Etna are also most satisfactory. 


PORTLAND CEMENT. 

At the meeting of the Institution of Civil Engineers, held 
on Tuesday, the 11th of May, Mr. W. H. Barlow, F.R.8., 
President, in the chair, the first paper was read on ‘‘ The 
Manufacture and Testing of Portland Cement,” by Major 
General H. Y. D. Scott, C.B., R.E., F.R.S. . Inst. 
C.E., ard Mr. Gilbert R. Redgrave, Assoc. Inst. C.B. 

The history of the early manufacture of Portland cement 
was involved in considerable obscurity, and the conditions 
which had rendered possible the manufacture of the cement. 
now ised as d, seemed to have been arrived 
at only ually. The term ‘Portland cement” 
first occu in the specification of a a to 
Joseph Aspdin, a bricklayer of Leeds, in 1824. Aspdin 
did not appear to have le true Portland cement, nor was 
his mace of ant aicptea. i with iJ ag 
since nm generally . His son iam in 
was, however, one of the earliest makers of genuine 
Portland cement, and had a factory at Northfleet, trading 

Maude, Jones, and Aspéin. yo 
Daslay White tod dons, the seputation of having bes tins 
an e reputation of having been the 
1 Portiand cement manufacture in the 
elaborate series of tests conducted 
for the Metropolitan Board of Works by Mr. John Grant, 
M. Inst. C.E., between the years 1859-71 might be said 
to have placed Portland cement in the first rank as a 
building material, and it had been the means of fixing and 
formulating the knowledge of this material. Mr. Grant’s 
observations had been supplemented by those of Messrs. 
Colson, Mann, and others, there now existed a vast 
store of information respecting the use and treatment of 
Portland cement. Mr. Henry Reid had also thrown 
much light upon the manufacture and production of this 
cement. 
The raw material suitable for the manufacture of 
Portland cement existed in great abundance in nature, 
and, with proper care, a high-clasr Portland cement might 
be produced in almost any country. The mode of mixing 
the chalk and cla; posh * ene in England for the 
manufacture of the cement was not so systematic as could 
be desired. The old-fashioned plan was to wash together, 
or incorporate, the chalk and Pane with a large excess of 
water in a wash-mill. The resulting milky fluid, or wet slip, 
was then run into a series of w reservoirs or backs, 
where these i ients subsided, and the clear top-water 
was gradually drawn off from the surface. After remain- 
ing for six or eight weeks in the backs, the slip, which had 
attained a pasty consistency, was removed in barrows to 
drying where the remaining water was expelled 
dry slip was then 
the clinker 





fi . wa’ 
bedbath: heat, capheeied in flues. The 
calcined in kilns with inter-stratified coke, and the 
which was produced was into a fine powder, and was 





ee cement. 
modern plan was to grind the chalk and clay together, 
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with the smallest Sager | of water possible, and to insure 
the perfect reduction of the coarse particles, either on the 
method of Mr. W. Goreham, by passing the wet slip 
through wmill-stones, or, as recommended by Mr. V. de 
Michele, by employing a rubbing surface of metal plates 
which surrounded the wash-mill. In the most recently 
improved plar of drying, the wet slip was conducted at 
once into chambers attached to the kilns, and the waste 
heat from the calcination served to dry the next charge. 
This plan was invented by Mr. I. C. Johnson. Mr. de 
Michele had also ompleged the waste heat from the kiln, 
which involved the use of a roof over the chambers. Other 
plans of utilising the hot g from the kilns had been 
introduced by Messrs. J. B. White and Brothers, and by 
Mr. R. A. Gibbons. In grinding the clinker, it was of 
great importance to reduce the cement to a fine state of 
subdivision. and to exclude all ‘‘ core’ or hard particles by 
sifting, as the hard particles might be sources of danger to 
the cement ; at the best, they only acted as so much sand. 
All cement was benefited by spreading it in thin heaps on 
the floor of the warehouse ; this operation was termed 
** purging”’ the cement. 

‘assing on to the subject of testing, the authors stated 
that, strange and anomalous as it might seem, although 
except in rare cases Portland cement was never used neat, 
or subjected to a direct tensile strain, it had been the 
universal practice to test the neat cement by means of 
tension. rman cement users and producers had resolved, 
after a general conference, to adopt a sand test, and to 
employ a standard testing machine. The sand test was 
made with 3 parts of prepared sand to 1 part of cement. 
The briquettes had a sectional area at the neck of 5 
square centimetres, equal to 0.775 square inch. The 
briquettes were tested 28 days after they had been 
made, one day being passed in air and 27 days in 
water. The breaking weight, In a machine of special con- 
struction, had been fixed at the rate of 113.8 lb. per square 
inch. The mode of preparing the sand by sifting out all 
the coarser and finer particles was provided for, and also 
the quantity of water to be employed. The authors, after 
due consideration of the various difficulties and objections 
to a change in the mode of testing Portland cement, pro- 

the following general tests for English cement: 1. 
he whole of the cement to be ground fine enough to pass 
through a sieve of 40 x 40= 1600 meshes to the square inch 
without residue. 2. The cement to weigh not less than 85 lb. 
per cubic foot, filled from an inclined plane, at an angle 
of, say, 45 deg. 3. The cement tested with three parts of 
standard sand, must have a minimum strength of 112 Ib. 
per square inch in twenty-eight days, during one day of 
which it had been in ai: and twenty-seven days in water. 





The second paper read was on “ Portland Cement Con- 
crete, and some of its Applications,”” by Mr. E. A. Bernays, 
M. Inst., C.E. 

In this communication the author gave the results of his 
experience in carrying out the large works for the exten- 
sion of H.M. Dockyard at Chatham. When these works 
were commenced, in 1867, so little confidence was placed 
in Portland cement, that that material was not even men- 
tioned in the contract specifications : grey stone lime, blue 
lias lime, and pozzolana being specified for descrip- 
tions of mortar and concrete. Soon afterwards, however, 
it was found desirable to substitute Portland cemert for 
the above materials. For all ordinary concrete, it was 
ascertained that a mixture of 1 part of Portland cement 
with 12 parts of shingle, gave a better result at the 
same or less cost than the concrete provided for in 
the specification, to be composed of 1 part of Warwickehire 
blue lias lime to 6 sof shingle. The Portland cement 
used throughout the Admiralty works had been of good, 
but not of a costly character. It was specified to weigh 
not less than 112 lb. per bushel, to be finely ground, and 
to bear a breaking strain of not less than 650 lb. on the 
section of a briquette 1} in. by li in. Ina total quantity 
of upwards of 50,000 tons, the mean weight was 1164 Ib. 
per bushel ; the average breaking strain of a briquette, of 
the above section, o734 lb.; and the fineness, such as to 
allow not less than 75 per cent. by weight to pass through 
a sieve with 50 meshes to the lineal inch. The author, 
while admitting the superior value of fine grinding of 
cement, when combined with great weight, expressed a 
doubt whether in England, where a fairly article could 
be got, at moderate cost, it was worth while to incur the 
increased expense of heavy and very finely-ground cement 
When used in foreign countries, where the cost of freight 
and transport was serious, he thought that almost any 
outlay on the first cost of the cement, to make it go further, 
when mixed with sand or gravel, was desirable. The large 
concrete walls at Chatham had been singularly free from 
the horizontal and vertical cracks so often noticeable in 
concrete walls. The author attributed this partly to the 
uniform practice of turning out all cement from the bags 
into a shed for, at least, three weeks before using. and 

Ay. the care tuken to carry up the work in long 
lengths each day, instead of in great heights. His practice 
was to carry up the work in about 18-in. li‘ts only. Over 
the greater part of the works at Chatham, the walls, 
though mainly of concrete, were facod with a veneer of 
brickwork 3 ft. thick, with bond courses of brickwork 21 in. 
thick, pessing through the walls at intervals of 6 ft. in 
height. At the eastern end of the works, however, the great 
depth at which ey See were found, and the 
necessity of passing through 35 ft. of soft mud before reach- 
ing bottom, necessitated much ter strength and 
consequent thickness of walls. In o to construct these 
without increased cost, it was decided to omit the brickwork 
and build them wholly of concrete. While it was conside 
that, for all purposes of strength as a retaining wall, con- 
crete made of 1 part of cement so Bert shingle was 
amply i, it ee Se of ahipe wane 
strong enough to withstand rubbing of ships’ ers, 
boats, or vessels. Early in 1874, the author tried the ex- 





iment of facing this common concrete with a coating, 
in. or 10 in. in thickness, of superior concrete « up 
simultaneously with the commoner material. This concrete 
was com of 4 parts of furnace-slag broken into small 
cubes by a stone crusher, 2 parts of clean Thames sand, and 
1 part of Portland cement. The experiment proved suc- 
cessful, the adhesion between the two descriptions of con- 
erete being ect. All the exposed surfaces of concrete 
walls built since that date had so faced. The same 
principle had been applied to the lining of subways, culverts, 
penstock shafts, &c.; but, in these cases, where the face of 
the concrete was less liable to abrasion, broken flints had 
been substituted for the farnace slag, pape the difficulty 
of procuring the latter, in the locality, in sufficient quantity. 
For all concrete, but especially when used for facing, the 
author advocated a free use of water in mixing. He had 
never found any disadvantage from the use of concrete in a 
wet state. The success that attended the facing of vertical 
surfaces of walls with superior conciete had led to its use 
in many other ways. He had applied it to the horizontal 
and vertical faces of copings and steps, for curbs to street 
ving, for the areas and yards of dwelling houses, floors of 
itchens and sculleries, and to the facing of corcrete blocks 
for house building. For copings and s he made use of 
granite spauls crushed into small cubes ; but for all surfaces 
exposed to foot traffic he preferred small pebbles of shingle 
that would pass through a }-in. mesh sieve. While for 
ordinary concrete, on faces or elsewhere, the author used a 
minimum of one-third of the entire bulk of sand ; where 
the concrete was exposed to foot traffic he had found it 
necessary to wash out all sand, and to use Portland cement 
only as the matrix for the flint, pebbles, crushed granite, 
or furnace slag. His practice was to use for these facings 
1 part of Portland cement to 2 parts of the aggregate, 
whatever it might be. For the copings of sea walls he ap- 
plied a facing 2in. thick, but for ordinary foot-ways or 
paving a facing of only } in. was considerably more durable 
than the best Yorkshire paving. Atordinary London rates 
the author estimated the cost of concrete walls, composed 
of 1 part of Portland cement to 12 parts of shingle, at 
7s. 2d. per cubic yard, of 1 to 9 at 8s. 24d., and of 1 to 6 at 
10s. 3d. Heestimated that the timber framing added from 
4d. to 6d. per cubic yard to the cost of the walis, and the 
facing of slag or flint about 24d. per cubic yard on thick 
walls At these rates such walls as had been built at 
Chatham could be constructed, including facing and fram- 
ing, at something less than 8s. per cubic yard. 


The third paper read was on ‘‘ Portland Cement : its 
Nature, Tests, and Uses,” by Mr. John Grant, M. Inst. C.E. 
After petaing to the greatly extended use of Portland 
cement during the last twenty years, to the improvements 
which had been made in its manufacture, and the care 
given to the best methods of economising its use'and test- 
ing its quality, attention was drawn to what had been done 
in Germany, more especially during the last four — In 
January, 1877, a committee, appointed the year before, of 
four associations of engineers, architects, and manufac- 
turers of cement, &c., had, at their meeting in Berlin, 
agreed upon a series of rules to be observed in the produc- 
tion and supply of cement. By these, the weight to be 
supplied in casks and sacks was determined, and certain 
tests established for the quality of cement, particularly as 
to its fineness and tensile strength. The latter was to be 
tested by briquettes of uniform shape and dimensions 
(5 square centimetres breaking area), made of cement and 
sand, in the proportion of 1 part of cement to 3 parts of 
sand. The apparatus for this purpose was agreed upon. 
The age of the briquettes when tested was to be twenty- 
eight days. The cement was to be ground so fine, that the 
residue on a sieve of 900 sqnare centimetres, equal to 
72.2 per lineal inch, should not exceed 25 per cent. This 
was afterwards reduced to 20 per cent. The sand for test- 
ing was to pass through a sieve of 60 meshes per square 
centimetre, and to be retained on one of 120 meshes per 
square centimetre, equal to about 20 and 28 meshes per 
lineal inch. The tensile strength after twenty-eight days 
was at first 8 kilogrammes per square centimetre, equil to 
about 114 Ib. per square inch, but was afterwards increased 
to 10 kilogrammes per square centimetre, or about 142 lb. 
per square inch. There could be no doubt that the standards 
thus established for fine grinding, and for ating the 
cementitious value of cement when mixed with a —_ 
portion of sand, had exercised a beneficial influence on the 
uality of the Portland cement manufactured and used in 
rmany. This result had been arrived at by a combina- 
tion of the knowledge and ability of those who produced, 
and those who had to use, this important article. The 
same standard rules, with slight modifications, were after- 
wards adopted in Austria. To these standards all cement 
manufactured in, or imported into, these countries must 
conform. In England engineers and cement manufacturers 
had not been idle, and the subject was now much better 
known than it was twenty years ago. 

A brief description was given of the more essential points 
in the manufacture of cement, the materials used, and the 
burning and grinding. Reference was then made to the 
characteristics of good cement, its weight, fineness of grind- 
ing, freedom from tendency to expand or blow, its time of 
setting and hardening, the effect of time, heat, and mois- 
ture, the influence of sulphate of lime and acids, the pro- 
portion of sand used with it, the coarseness or fineness 
of the sand or gravel, its mineral character, and freedom 
from dirt, grease, clay, or soft foreign matter. The weaken- 
ing effect of using two much water was pointed out, and 
the advisability of compressing or ramming concrete when 

sible. The relative advantages of using concrete in 
locks and in a soft state, and of keeping it damp till it 
had thoroughly set, were pointed out. The different modes 
of testing by compression and by tensile strain were 
discussed » = —= _ used in —— and in the 
experiments quo in appendix were 
described, with in the 





paper 
the modifications and improvements 











form of the briquettes and in the mode of making them. 
Suggestions were next offered for testing cement in a 

orm manner, so as to prove its soundness, strength, 
cementitious value, and other qualities, and to admit of 
comparison with other observations. The harbour at the 
North Sea entrance to the Amsterdam Canal, the Victoria 
Docks, North Woolwich, and the docks at Chatham were 
mentioned as recent examples of works on a large scale 
made entirely of Portland cement concrete; and the 
numerous purposes to which it was now applied, and the 
economy effected by its use in the sewers and embank- 
ments of the metropolis, were alluded to. 

In an appendix were numerous tables illustrating the 
different points referred to in the paper, such as the specific 
gravity and analyses of different cements ; the results ob- 
tained by different modes of testing briquettes of various 
forms and sizes, and when made with different proportions 
of cement, sand, and water. From these it was shown that 
there was great increase of strength and economy by grind- 
ing cement very fine. Some coarsely ground cement gave 
high results when tested neat, but low when tested with 
sand. The tests proved the impossibility of ascertaining 
the true cementitious value of cement by testing it neat, 
or otherwise than with a mixture of sand, and also showed 
the waste involved in coarsely ground cement. The in- 
fluence of sand of different degrees of fineness, of the time 
which cement took to set, the strength of various limes, 
selenitic limes and cement, the tensile and compressive 
strength of the same cements, some experiments on expan- 
sion, with form of specification for cement, for mortar, and 
concrete, and tabulated forms for registering results of 
tests and experiments were also given. 


KENYON’S PISTONLESS INDICATOR. 
To THE EDITOR OF ENGINEERING. 

Srir,—As Mr. Kenyon evidently derived the idea of his 
istonless indicator from the Bourdon pressure gauge, may 
suggest that an adaptation of ther form of gauge 
would answer the purpose better? [ refer to the principle of 
a flexible plate with concentric corrugations ; the plates to be 
changeable for the various pressures. This arrangement 
would dispense with the disadvantage of the comparatively 
large and exposed Bourdon tube, which is liable to be de- 
ranged by a very slight blow, while with the exception of 
the guide for the motion rod it would be quite as friction- 
less. Another disadvantage in the instrument would be, 
that in indicating, say, n pair of new marine engines on 
their trial trip, the sand, &c., which is generally found in 
new castings would be blown up into the end of the tube, 
where it would accumulate and prove detrimental, unless 
suitable provision is made for cleaning, which I cannot see 
in your illustration. In the proposed indicator, on the cap 
being removed, every particle of foreign matter would be 
easi — and removed ; again, the bend in the steam way, 
which your correspondent of last week objected to, is re- 
moved, and, lastly, the instrument as a whole is more com- 
pact. I enclose a rough sketch of the proposed modification, 
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the rest including the connexion to the parallel motion 

being the same as usual. If this idea has been used for the 

purpose before, it has the ‘‘ charm of novelty,” for 
Yours, &c., 


J. W.C. 
56, Sandown Gardens, S.W., May 22, 1880. 
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To THE EDITOR OF ENGINEERING. 

Sr1r,—Your correspondent ‘‘ Practical’ evidently does 
not understand the construction of the above instrument, 
or that of Richards. AsI have bad considerable experience 
with most of the indicators at present in general use, 
perhaps you will allow me a word or two on this subject. 

If ** Practical’’ will turn to the admirable description of 
the parallel motion in Mr. Porter’s treatise on the Richards 
indicator he will find that the small link he refers to is 
essential in that instrument to enable the pencil to move 

rfectly parallel to the indicator piston, and that it has to 
be laced parallel to the link to which the pencil is secured, 
and is of such a length that the pencil, the top of the piston 
rod, and the fulcrum may be in one straight line. _ 

In the Kenyon indicator, however, the conditions are 
quite different. There is no piston, and the presence of the 
link in this case would be a — evil. A very little 
consideration will show that the end of the Kenyon tube 
from which the motion of the pencil is derived does not 
move exactly in a straight line, but in somewhat of a curve, 
a lenge y to - —— This, er is Ps 

ight, and the positions of the parts are, I understand, 
new 4 suaetent that the slight motion of the tube end is 
almost vertical, any curvilinear motion being compensated 
for by the position of the point of attachment to the link, 
which is stated to be found by actual ent. The 

ified motion also is much greater in the Kenyon than 
in the Richards indicator. 

I need scarcely state that the sine qud non of a perfect 
steam engine indicator is, that the pencil shal] move over 
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enally equal distances for equal pressures, and that the 
card shall have a reciprocating motion exactly coincident 
with that of the engine piston. If these conditions can be 
practically attained, it matters little to practical men that 
the means should be capable of mathematical demonstra- 
tion. 

The writer was shown the Kenyon indicator soon after 
its conception by the patentee, and long before it was 
perfected and patented, und the objections raised by 
‘* Practical’ were all pointed out and foreseen as well as 
several other obvious ones to those regularly using such 
instruments. The principal objection at first u » and 
that which the inventor had probably the greatest difficulty 
in overcoming, was that the motion of the sealed end of the 
tube being somewhat curvilinear, the vertical moiion of 
the peneil would not be exactly proportionate to the pressure 
at all points of the scale. 

Diagrams were taken by the writer more than two years 
- with one of the first indicators made by Mr. Kenyon. 
This instrument had narrow age gor my, and the end of 
the tube was made up by a solid piece of considerable 
weight. I need scarcely 7 that this instrument did not 
give satisfactory results. The steam thoroughfare was too 
small for the tube to respond quickly enough to the action 
of the steam, and the beaviness and consequent momentum 
of the ead when applied to engines running at a high speed 
produced the well-known oscillations which the Richards 
indicator was specially designed to obviate. 

Since that time, however, very important modifications 
have been made, and the above defects ohviated. The tube 
has been made altogether lighter, the thoroughfares 
enlarged, and the instrument so improved that figures 
taken from the same engines as before show none of the old 
defects, and the patentee now claims to have brought it to 
such perfection that it will compare favourably with any 
existing instrument. 

= ical’’ seems to write on the assumption that this 
indicator has been introduced to the public in a crude state 
without any experiments having been made with it. The 
very reverse, however, is the fact. The perfection of the 
instrument I Ser to know has been a work of years. 
The patentee, I believe, has submitted it to almost every 
one he knew likely to point out any objection to it, and on 
being made aware of any real defect, he has at once set 
to work assiduously to remedy it. The instrument as now 
eae most inventions, is very different to what it was 
a ’ 

All previous attempts to make reliable indicators with 
Bourdon tubes have failed owing to practical difficulties 
which Mr. Kenyon claims to have successfully overcome, 
and if this is true I think he ought in all fairness to have 
the credit of his invention. 

Distorted figures can, of course, be produced from any 
instrument, and any test as to the relative merits of any 
two instruments should be taken under precisely the same 
conditions of working, speed, &c. I have by me some 
scores of diagrams taken by piston indicators, which are 
utterly unreliable owing to the sticking of the piston, a 
defect utterly impossible with the pistonless indicator. I 
have also a number of diagrams taken with the Kenyon 
indicator, which appear to leave nothing to be desired, and 
shall have pleasure, in forwarding some of these for illustra- 
tion should any of your readers desire it. I enclose my card, 
andam Yours, &c., 

Farr Puay. 





To THE EDITOR OF ENGINEERING. 

Sir,—Referring to a letter in your issue of the 21st inst. 
by a correspondent signing his name “ Practical,’’.I beg 
to offer a few remarks, as I happen to know the writer per- 
sonally and his object in writing. He has openly avowed 
his intention to injure me and has borrowed one of my 
earliest instruments and put it through a long and severe 
course of experiments ‘‘ over which he has had the entire 
control.’’ 

Relative to re taken out by Messrs. Schaeffer and 
Budenburg, of Buckau, Germany, and M. Bourdon, of 
Paris, I may say that before completing my own I visited 
the works of each of these gentlemen and saw the instru- 
ments that had been made by them. The fact that in 
neither case have the instruments been perfected and 
become working successes in itself shows that there were 
many points requiring consideration and improvement. 

1 claim in addition to other improvements to have re- 
moved these defects and to have made a great and im- 
portant improvement in the form and section of the tube, 
so that it will not with excessive working alter its form and 
lose strength as in the ordinary type of this class of tube. 

The American patent poner in ** Practical’s”’ letter 
I fail to find after a long search, and I much doubt if* one 
has ever been taken out. 

The link motion which ‘‘ Practical’’ cannot find is clearly 
shown in the drawing, and will be readily understood by 
any one examining the woodcut. In regard to the response 
of the tubes to the pressure, I enclose for your inspection 
two diagrams taken from the same cylinder, one b 
Richards and one by my instrument, from which you wi 
see that the response in the satter is both freer and quicker. 
These you can publish if you think it necessary.* Should 
any of your readers desire any information on any point, I 
shall have pleasure in answering them direct 

I am, Sir, yours et 
J. W. Kenyon. 


26, Great Western-street, Moss Side, Manchester. 





To THE EpIToR oF ENGINEERING. 
_81m,—In reference to the in your last issue, 
signed “‘!’ractical,”” we think your correspondent cannot 
thoroughly have examined the indicator, or he wo 
understand the working of the parallel motion. 





_* (Mr. Kenyon’s letter was received too late for these 
diagrams to be engraved to accompany it.—Ep. E.] 








The short connecting link in the motion of Richards’ in- 
Seater fs Se Rls ann eS Ng Se Oe een 
and socket joint in the motion, and on two centre joints at 
the tube end. We have ly made many experiments 
with this and Richards’ indicators, and have invariably 
found that the response of the tube and the variations of 
pressure is much readier and quicker than that of ee 
and spring. The construction of the indicator es it 

that there should be a bend in the steam inlet, 
but this is made as slow as possible that the smallest amount 
of obstruction will be offered to the passage of the steam. 

As ers of this instrument, we have, in conjunction 
with the patentee, made. many improvements in details, 
and from our experiments we have no doubt of its accuracy 
under ordinary conditions. 

Yours truly, 
Isaac STOREY AND Sons. 

Manchester, May 26, 1880. 


WIRE GAUGE. 
To THE EDITOR OF ENGINEERING. 

Srr,—Mr. Hughes’s letter in your last issue brings this 

uestion fairly before your ers ; and, as he observes. 
the “‘ battle of the gauges” will shortly have to be decided 
by the Board of Trade. 

Mr. Hughes has himself proposed a new gauge, the 
principal claim of which appears to be that it closely cor- 
responds with the universally condemned B.W.G. 

Now the only arguments I have seen in favour of the 
B.W.G. are (1) that ‘‘ the uotches therein indicate the re- 
duction found by experience wire will stand drawing from 
one size to another ;’’ and (2) that any wide de 
from it would me rece | injure the English wire trade, 
especially the export trade. 

he first argument is surely invalid ; for the successive 
differences in the diameters of the various numbers follow 
no kind of law. For instance: 


mm. 
Difference of diameter between Nos. 21—22=0.10 
22—238=0.03 
i pad 23—24=0.13 
amen, one metal would bear a different reduction to 
another. 

Then, as to the second argument ; I think it is illogical 
to argue that foreign customers prefer, and will buy wire 
made to an empirical English. gauge like the present 
B.W.G., or any modification thereof, if they can obtain it 
elsewhere made of defined diameters conformable to the 
lineal measures they have daily in use. We might as rea- 
sonably expect them to lay aside their metrical rules, and 
adopt 2 ft. rules with each inch made a different length to 
its neighbours, supposing the Board of Trade were to 
legalise such an instrument. (It would be quite as scientific 
as some of the wire guuges.) 

At present we have two legal methods of expressing or 
specifying the size of wire. 1. In fractions of an inch ; 
and 2. In fractions of a metre. There are, in addition, a 
— of illegal modes, with the various B.W.G.’s at their 

e 
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I think that if any change is made, it is most desirable 
and important that it should be done with a view to the 
introduction, which must take place sooner or later, of the 
metrical system of measurements into Great Britain. 

We might at 4 moment adopt the new French gauge 
(millimetrical) without any special act of legislation; and 
as there can be no doubt that this will ultimately be the 
universal wire gauge, it would be bad policy to legali 
another standard which would share the fate of the 
**cental.’’ If our Government would use the milli- 
metrical gauge exclusively for all their own transactions 
and contracts in wire and sheet metals, it would in a short 
time be generally adopted. 

If an unscientific gauge is decided upon, we must not be 
surprised if in time foreign customers get their wire from 
places where it is made in sizes they can comprehend. 
Mr. Hughes’s argument that illiterate people can under- 
stand the ii lar B.W.G. better than they could a more 
scientific one is not good. As to the actual gauge or in- 
strument, that is quite a secondary matter. AA 


ON THE CELLULAK CONSTRUCTION OF 
MERCHANT SHIPS. 
To THE EDITOR OF ENGINEERING. 

S1z,—I am surpri d by Mr. John’s letter to you, 
as in your impression of the 14th inst., that the writer 
replies to my former communization on this subject under 
a modified title, viz., ‘‘The Construction of Merchant 
Vessels,’’ which I need not point out has a very much wider 
range than the subject brought under discussion. But 
without waiting to inquire why such a departure has been 
made, I will, with your permission, proceed to look at the 
subject of Mr. John’s paper, as before the Institution 
of Naval Architects on the 19th of March last, by placing 
what Mr. John there says in “‘ juxtaposition” with his letter 
in your impression of the 14th inst. from a “ purel, 
technical and professional point of view.’’ Mr. John’s 
paper says, “ The present is coguasenaney a period of 
great change in mercantile shipbuilding, and I propose to 
review briefly the nature of the transition now going on, 
and the steps,which have led up to it.”” Again, ‘‘ At the time 
Mr. Martell read his paper on ‘ -Baliast Steamers’ 
before the autumn meetings of this Institution in ny 
there had been only* two or three small steamers alt 
(since Mr. Scott Russell’s early ones) on the longitudinal 
principle. Now, it is within the mark to say are 
100 steamers built and building whose bottoms are con- 





uld | structed on the longitudinal principle, or what is per 


better described as the cellular system, a 

to upwards of 200,000 tons, and it is not outside bound 
* The words printed itdlics are not so printed in the 

original paper, but have been altered by me.—J. L. 





of probability that a very few years will see the majority 
of merchant steamers constructed in this manner. : 
‘*T have marked the date of our G ww meetings as one 
having an important influence on this change, and the 
connexion arises this way. describing the different 
modes of 
of ¢ 


gave particulars 
which he, together with my colleague, Mr. Cornish, and 
myself, were much interested, for the arrangement of floors 
and brackets was made in our office as an alternative to a 
roposal of the builders to achieve the same object by a 
ferent distribution of material. This was the Fenton, 
built by Messrs. Austin and Hunter, at Sunderland, in 1876. 

“The oy yy attracted the attention of many, 
and especially that of some of the Clyde shipbuilders, who 
almost immediately to adopt and to modify it to suit 
the requirements of different lon ships.” 

Mr. John’s letter says: ‘‘I did not pretend to mention 
all ships that have been built on the longitudinal system, 
and should care little except from a historical point of 
view if some of those mentioned by Mr. Lyall resembled 
modern ones in construction much more than can be 
gathered from his vague reference to them.”’ 

I think, Sir, that “ your readers’’ will be rather amazed 
at the difference of tone on the same subject adopted by Mr. 
John, before and after he has been told that a good many 
Vv of some size (and those are by no means all or the 
largest longitudinal vessels built and classed) had been 
built twelve and eleven besides others on the iden- 
tical arrangements, which Mr. John endeavours to make 
so much “‘ professional’’ capital out of—at least five years 
a the Fenton’s arrangement was made in Lloyd’s 
office—and consequently before Lloyd’s surveyors exercised 
such “‘ important influence’’ on the builders of the Fenton, 
and through Mr. Martell on the “‘many,’’ “‘and especially” 
on ‘‘ some of the Clyde shipbuilders.”’ 

It would almost seem that Mr. John makes assertions 
trusting to good luck, or some other mysterious power, 
that will prevent them oe an by any one of 
7 your readers,”’ for when he taken upon himself to say 
what opportunities any other surveyors, outside of Lloyd’s 
staff, may have for keeping abreast of my ye progress, 
he has gone on very dangerous and for the ‘‘ i 
he represents,”’ and I do assure Mr. John that I am in a 
position to reveal some matters in this way that might 

rove rather humiliating to Mr. Jobn and his friends at 
hite Lion-court, but I want to look at this subject from 
one of Mr. John’s “ a. ints of view. I am 
afraid I must acknowledge, when I brought up the subject 
of “ classification,’ I ‘* was led so far in this direction, 
because it is of the utmost importance at a time like the 
— to explain how Mr. John knew so little of what 
been done by the renee | firms of the country for 

the “‘ longitudinal system,’’ which he has lately espoused. 

I do assure both Mr. John and “‘ your readers” that I 
never doubted his ability to ‘‘ embody a few abstruse calcu- 
lations and formule in a paper ‘‘On Ship Construction,’’ 
but I think that a “‘ few” practical facts would have been 
more acceptable to your readers ‘“‘On the Cellular Con- 
struction of Merchant’Ships.’’ Nevertheless we will see how 
Mr. John’s figures come out. Mr. John tells us that ‘it 
is within the mark to say that there are 100 steamers built 
and building whose bottoms are constructed on the longi- 
tudinal principle—since Mr. Martell read his paper at 
Glasgow in 1878—with a probable tonnage of upwards of 
200,000 tons.” I need not tell Mr. John that this would 
be —_— one such vessel to every shipbuilding yard in the 
country. 

a, Sir, Ido not hesitate to say that no such vessels 
have been built in more than one-fourth the shipbuilding 
oe in this kingdom, within the period Mr. John names, 

at I shall be glad to acknowledge my error on this point 
when Mr. John will furnish “‘ your readers”’ with the names 
and tonnages of the *‘ 100 steamers whose bottoms are con- 
structed on the longitudinal principle.” 

With reference to Mr. John’s remarks on my reference 
to his preference for “‘ transverse’ frames of the girder 
form 1 must ask ‘‘ your readers’ to look over the second 
and third last paragraphs of his paper, as I really cannot 
ask you to reprint so much matter; unless Mr. John sees 
fit to give some facts, and confines himself to the subject of 
his mest I must decline again asking for any space in your 
valuable journal. E 

I am, Sir, Pg! obedient 

Barrow-in-Furness, May 20, 1880 


Tue TEMPLETON Funpv.— We have pleasure in ac- 
knowledging the receipt of the following contributions 
for the aid of the Templeton family. 


servant 
JAMES Lyaun. 





£48. d. 

Amounts received by ENGINEERING 
already pro or a an oe! SOs 

Amounts received Mr. Joseph 
Newton, already acknowledged .. 11 6 0 
Mr. T. R. Crampton ... oe ise 220 
Messrs. Crosb kwood and Co. ... 5 5 0 
Mr. H. P. Le Mesurier... ove o00 200 
Mr. John Mackinlay ... és ja! ES 





O1t 1n ALABAMA.—Oil has been struck in the centre 
of the coal and iron fields of Alabama. The same 
carboniferous formation which extends through Western 
Pennsylvania, terminates in , not far south of 
Birmingham, where oil has been struck. If Alabama can 
poy aie pple wr dar Apne: Gergen ham +4 ie SoG 
as ta vari prod as Pennsylvania, ough 
pe tad dhs co not yet been developed. Besides coal, 
iron, and marble deposits of great value, the State has 
broad belts, producing in one cotton, in another corn, 
wheat, &c., in another valuable timber, while still r 
section of the State is devoted to cattle raising. If oil-well 

i i are added, Alabama may yet 





enterprise and industry 
become a rival of Pennsylvania. 
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MARK BUOY FOR TELEGRAPH CABLES. 
We illustrate below a convenient arrangement of mark 
buoy for telegraph cables, which has been lately patented 
and brought out by Messrs. Johnson and Phillips, tele- 
graph engineers, of Union-court, Old Broad-street. The 
construction cf the buoy is very simple, and will be at 


PROELL’S AUTOMATIC EXPANSION GEAR. 










once understood from our engraving. 








The buoy consists, as will be seen, of an iron floating 
body carrying a flagstaff socket, this float having sus- 
pended from its mooring ring a light frame in which a 
drum carrying a quantity of steel pianoforte wire is 
mounted. To this wire is attached the sinker by which 
the buoy is anchored. A catch or detent entering a 
notch in the edge of the drum above mentioned prevents 
the latter from revolving so long as the buoy is sus- 
pended clear of the water, but on the buoy being dropped 
into the sea, the copper ball float shown raises the de- 
tent, and leaves the drum free to revolve, when of course 
the mooring wire runs out. 

The buoy is intended to be suspended over the water 
by lines which can be readily cut when required, thus 
allowing the buoy to drop clear of the ship’s side. Drums 
with different lengths of wire are provided to suit different 
depths of water, and in case it is desired to recover the 
mooring wire and sinker when the buoy is picked up 
again, a winch handle is provided for winding the wire 
onthe drum. Asa rule, however, the cost of the wire 
and sinker is too small to pay for recovery. The whole 
arrangement is very neat and handy for prompt use. 








Dickenson’s Borner Drrnirne Macuine; ER- 
RATUM.—In our account of this machine on 396 of 
our last number, first column, line 19 from bottom, for 


** $40 ft. per minute’’ read ‘‘ 340 in. per minute.”’ 





New York InrernatronaL Exursition.—A bill to 
provide for celebrating the one hundredth anniversary of the 
recognition of American Independence by holding an Inter- 
national Exhibition of arts, manufactures, &c., in New 
York in 1883 has passed the Senate of the United States. 
The bill has been amended so that *he\corporation which 
it authorises shall exist no longer taan January 1, 1885. 
Congress, moreover, under the provisions of the bill, as 
amended, may at any time alter, amend, or repeal the 
Act creating it, as in its judgment the public shall 
require, and the United States shall not be liable for any 
of the acts, representations, &c., of the promoters of the 
enterprise. It is further provided that not less than 
1,000,000 dols. shall be subscribed, and not less than 10 
|g cent. shall be paid in before the new corporation shall 

lo any corporate act other than may be necessary for its 
organisation, and no part of the capital stock or assets of 
the corporation shall be withdrawn by, refunded to, or 
divided a the stockholders, or any of them, until all 
the debts or liabilities of the corporation have been fully 
Gischarged. : 
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THE automatic expansion gear which we illustrate on 
the present and opposite pages has been specially designed 
with a view to enable it to be applied to already existing 
engines which have no other means of expansion than 
that produced by the lap of the slide valve. To ac- 
complish this, the whole of the necessary parts are com- 
bined and are all attached to one casting, the apparatus 
thus becoming from the simplicity of its application like 
any other ordinary mounting used with an engine or 
boiler. Fig. 1 shows a sectional elevation, from which 
it will be seen that a Corliss or releasing mechanism is 
used, the steam being cut off by an equilibrium valve 
which is raised for its admission. In applying the gear 
to already existing engines, it will, of course, be neces- 
sary to block up as much of the spaces in the steam chest 
itself as possible, in order to reduce the clearances to a 
minimum, and when this precaution is adopted a very 
good diagram is produced, as shown by Figs. 7 and 8 
(page 417), which are taken from an engine at the Lauch- 
hammer Engine Works fitted with this gear. Fig. 2 
gives an end elevation, from which it is seen that the 
box containing the equilibrium valve has a bracket cast 
on its lid which carries the governor and the whole of the 
Corliss gear. The governor, which is also Proell’s 
patent, has the points of suspension of the balls placed 
below them, and except that it is weighted is similar 
to the one used on the engine exhibited by Messrs. 
Bede and Co., of Verviers, at Vienna in 1873, and de- 
scribed by us on page 27 of our sixteenth volume, On 
top of the valve-box bracket are cast two lugs, having 
two corresponding lugs beneath them cast on the valve- 
box cover ; these lugs are bored out and bushed with gun- 
metal, and serve as guides for the vertical wrought-iron 
rods B, and B,, which latter are provided towards their 





upper ends with slots having hardened pieces of s*>el at 
their bottoms to receive the downward thrust frem the 
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ends of the levers A, andA,. These levers are carried 
at their centre by a stud fitting into a boss on the main 
casting, and receive motion by means of a system of 
links and bell-cranks from the main slide valve rod. 
The wrought-iron rods B, and B, have therefore a posi- 
tive alternating up-and-down motion and carry with 
them the blocks D, and D,, whose position on the rods 
B* and B, is capable of accurate adjustment by means 
of the set screws. The blocks D, and D, have hinged 
to them the bell-crank tripping levers E, and E*, which 
are kept depressed by light springs fastened to the tops 
of the blocks. Below the blocks D, and D, fixed on the 
rods B, and B, are the blocks OC, and C,, these latter 
being capable of vertical motion on the guide rods B, and 
B, ; they are pressed upwards by spiral springs resting 
on the lugs of the valve-box cover which guide the bottom 
of the rods B, and B,, and are jointed by the levers M, and 
M, to the spindle S of the equilibrium expansion valve v. 
Above the governor weight an air dash-pot is placed to 
control the governor motion, and in the same vertical 
there is another air dash-pot between the blocks C, 
and ©, to regulate the expansion valve. The bell-crank 
tripping levers E, and E, depress the sliding blocks ©, 
and O, when moving downwards so long as the nose pieces 
d remain in contact ; the length of time however of this 
contact is determined by the position of the block K 
carried by the end of the governor spindle. The alter- 
nating depressions of the blocks ©, and C, provide for 
steam admission at both ends of the stroke. By screw- 
ing in the hand-wheel P carried on the main casting, the 
bell-crank lever R o raises the block K to its maximum 
ition, and so releases the bell-crank tripping levers 

, and E, when the crank is turning one of the centres, 
so that no steam is admitted. By this arrangement the 
use of a separate steam stop valve is evidently obviated. 
In like manner the engine can be started by screwing up 
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PROELL’S AUTOMATIC EXPANSION GEAR. 





Fig. 5. 








Fig. 7. 




















the lower handwheel which by means of a small bell- 
crank lever lifts the equilibrium expansion valve off its 
seat. 

Fig. 5 shows the gear fitted to an ordinary stationary 
engine from which the extreme simplicity of the whole 
arrangement will be clear, the only necessary altera- 
tion consisting in the addition of the links and 
bell-crank lever to give motion to the lever which 
actuates the tripping gear. The governor is driven 
by a strap in the ordinary way, but has, how- 
ever, the disadvantage that should the strap fall off 
or break, the releasing gear cannot possibly come into 
action until the maximum amount of steam has been 
admitted to the cylinder. Fig. 6 shows the application 
to new engines specially designed for it, and here the 
clearances are reduced to a very small amount. The 
exhaust valves at the bottom of the cylinder are driven 
directly from the main eccentric. 

Dr. Proell has published an account of the gear with a 
mathematical investigation of its properties in the 
Zeitschrift des Vereins Ingenieure, whom we 
have to thank for the drawings. 





RAILs ON THE ORLEANS RAILWAY.—The production of 
rails at the Aubin Works of the Orleans Railway Company 
ys = in 1879: Iron rails, 12,896 tons ; steel rails, 

, ns. 


Erratum.—In our review of Mr. C. Higgins’ book on 





patent law cases (see page 403 ante) a typographical error 
occurs in the ninth line from the bottom of the third 
—, Instead of “the word ‘claim,’ or the thing 
c in 


it at all,’”’ read “‘ the word ‘ claim’ or ‘ the thing 
im’ in it at all,’’ 





LUBRICATING CRANK BEARINGS. 
To THE EDITOR OF ENGINEERING. 
Srr,—H.M.S. Iris in her last trial, I see by the news- 
papers, got her crank bearings hot, which no doubt has made 
it hot for some of the engine-room staff. I enclose youa 
sketch of a plan to lubricate these bearings in engines 
which have to me ke long runs. 





In the arrangement shown in the sketch a a is a hollow 
brass ring into which oil is dropped ; b is a pipe connecting 
a with a hole bored through the crank, as shown by the 
dotted lines to c; dis an enlarged section of the ring a. 
The sketch will explain itself to an engineer, but fitting it is 
another matter. No chief engineer would be allowed to bore 
holes in a crank as I have shown, but some of the engi 
makers might to do it in new work, and then we should not 
have much trouble with these important bearings. Of 
course I am aware that Messrs. J. and H. Gwynne applied 
the same idea to the crank-pin bearings of their fast- 
engines years ago, but in another way. I applied it about 


the same time to lubricate hese wo | Its when the screw 

shaft was out of line very ly, and there are many 

more ways in which it might be used. on ue 
.E., B.N. 


REPORTING BY TELEPHONE. 


WE quote the following from the Times; ‘“‘A new 
method of reporting the late debates of the House 
of Commons—those, namely, which are continued after 
midnight—has within the last few days been brought into 
— in the office of this journal ; and some account 
of the method employed will probably be of interest to the 
public. There has for some time been a tendency among 
the most prominent public men to deliver their Parlia- 
mentary speeches at very late hours, and this, together 
with the despatch of the first morning trains from the 
London termini an hour earlier than formerly, has placed 
great difficulties in the way of Parliamentary reporting. 

ter about one o’clock in the morning to produce in time 
for the early edition a full report of a speech, however im- 
portant it might be, became a matter of extreme diffi- 
culty, and after two the record of p i became 
necessarily a mere abstract. The inevitable curtailment 
of the reports has been felt as a grievance by many 
members of the House, and has been one cause of the 
efforts recently made, by appointing Select Committees and 
otherwise, to a better provision for the publication of 
se att, Saket ere ee aa 
way to yield—sufficiently a or all prac purposes 
—to the in powers of work which have been 
afforded by the judicious application of modern scientific 
inventions. 

** The first step in this direction must undoubtedly be 
ascribed to the increased rapidity of setting up type, which 
has been due to the employment of a machine as a substi- 
tute for the manual labour of the compositor. The most 
skilful workman, setting fy A ne by hand, would not exceed 
a Cae average of about s per hour, or a maximum 
rate of 50 lines per hour during short periods of great 

ressure ; but the machine, in which the types are brought 

own and placed in position by striking upon keys some- 
thing like those of a piano or organ, enables a fair work- 
man to attain an average speed of 100 lines an hour even 
when ne from manuscript, which he has to read 
for himself ; and this speed can be doubled, or nearly so, 
when the operater is assisted by a reader, and thus com- 
poses from dictation. The original form of the machine in 
use at this office was intred here soon after the Franco- 
German war, and has ever since been a, such 
modifications in detail as experience has from time 
su , until it has now reached a state of very great 
efficiency. It has for some time been the custom to 
transmit the foreign intelligence from Paris, Vienna, and 
Berlin to this office by means of Hughes’s printing tele- 
graph, and to dictate the contents of the telegraphic slip to 
a compositor atthe machine. By this combination remark- 
able facilities in dealing with late manuscript have been 
obtained, and it has been possible to carry on the work of 
type-setting almost to the time of going to press; but the 
copy received from the House was necessarily somewhat 
delayed while the reporter transcribed his notes and in 
transmission. The compositor was compelled to lag behind 
the actual progress of the debate, and precious time thus 
lost at each step of the process mounted up in the end toa 
considerable 5 

‘* At this stage in the history of the matter the telephone 
was brought into operation as a means of verbal 
communication between distant points ; and the conductors 
of this journal, ei obtained permission from the Me- 
bay wept « Board of Works to lay down the necessary wires 
in the subway of the Embankment, formed a new connexion 
between the House of Commons and the office and placed 
one of Edison’s loud-speaking telephones at either end. 
The immediate result of this arrangement has been to bring 
the compositor at the machine into direct communication 
with the Parliamentary reporter at the House, and to 
enable the debates to be re and printed from half to 
ter than previously been 

can read 


| Snerer The made by the 

i ly into the telephone receiver in a room adjoining the 
gallery, either by the as himself when relieved or by 
another person — for the 

positor, at his machi 
ext ition —s other terminal of the instrument. 
plan w 


w is rung e House; a simple code of bell 
» isting of one, two, or three strokes, sufficing 
tor the ordinary requirements of each message. The com- 
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sets up the type with his machine, strikes the bell again for 
the reader to continue his dictation, so on until 
work is carried as far as time will allow. If there is any 
doubt or difficulty about the words, a bell signal will cause 
them to be repeated, or explanations can be ht and re- 
ceived by direct vocal communication. In this power, 
indeed, resides one of the chief advantages of the method, 
and one which ought to lead to greater accuracy than has 
ever previously been attainable. The names of people, 
, &e., can be spelt out letter by letter if there is any 
on phe + et onl ts inf: d 
“Te nic ing is as y y in its infancy, an 
the mt mechanical and personal arrangements will no 
doubt be modified in many respects. Enough has been 
done, however, to show the complete practicability of the 
method, which seems to hold out great possibilities of 
further development. There are certain impediments still 
in the way, arising from the difficulty of protecting the 
telephone wires against the disturbances caused by induced 
currents, und also from the effect of certain kinds of vibra- 
tion in confusing or overpowering the transmitting sounds ; 
but these are matters of detail, which either are, or cer- 
tainly soon will be, in a fair way to be overcome. A diffi- 
culty of another kind arose from the action of the Post 
Office, which, in the interests of its reul or supposed 
monopoly, at first placed eyery ible hindrance in the 
way of the application of the telephone to reporting pur- 
poses. This opposition, however, could not be sustained ; 
and it will not be surprising if; before long, the direct com- 
munication between the reporter and the compositor, by 
which, even now, we are able materially to extend the 
time available for rting in the House, should be ren- 
dered equally applicable to speeches delivered in every part 
of the kingdom. Our P ors in former times en- 
deavoured to supply early intelligence by methods which 
have long been superseded ; and it seems not unlikely that 
the fully written transcripts of the reporter may be gathe 
before long to the special steamers and the relays of post 
horses which were the instruments of the greatest enter- 
prise of the last generation.” 


NOTES FROM THE NORTH. 
GLiascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday was a holiday 
among the iron brokers, and no business was done, that day 
we J selected by the magistrates for celebrating the Queen’s 
Birthday. When the market re-opened on the followi 
morning business was very quiet, and sales were done a 
45s. 10}d. to 45s. 8d. one month, and at 45s. 9d. down to 
45s. 7d. cash, the close being sellers at 45s. 7jd.cash. The 
afternoon market opened steady at 45s. 6d. cash accepted, 
then 45s. 64d. to 45s. 8id. cash were the quotations, and at 
the close there were still sellers at the highest point, while 
buyers offered 1d. per ton less. At the opening on Monday 
morning the market was firm, but it became somewhat de- 
P , and buyers became shy. There was a gradual 
weakening in prices until they sealed 44d. perton lower than 
last week's closing Paeigy Business was done during the 
forenoon at from 45s. 9d. to . 6d. one month, and at 
from 45s. 7d. to 45s. 5d. cash. There were buyers at the 
close offering the lower poe and sellers asking the 
higher. The quotations in the afternoon were from 45s. 
to 45s. 4d. cash. and from 45s. 5d. to 45s. 44d. one month 
and the market closed with sellers at 45s. 4d. cash an 
45s. 44d. one month, and buyers a ld. per ton less. 
Only a few lots were a of. Yesterday's openi 
price was 45s. 3d. cash, and it immediately soeoted to abou’ 
45s. 1d. cash. There were numerous buyers at 45s. cash, 
but none of them were supplied, and the market became a 
little stronger, with sellers at the close in the afternoon 
asking the top quotations. This day’s market was quiet 
at the opening both forenoon and afternoon. Sales were first 
done at 45s. 1d. cash and one month fixed, then 45s. 3d. cash 
was paid, receding to 45s. 2}d. cash and 45s. 3d. one month 
fixed, returning to 45s. 3d, cash, and still sellers then at the 
close of the forenoon market. Business was done in the after- 
noon at 45s. lid. cash to 45s. 3d. one month, and at the 
close there were sellers as those prices, and buyers offeri 
14d. per ton less. There has only been a limited amount o 
business done mes the _——_ and at steadil y 
ceding prices. e amount of business passing is ly 
diminishing. It seems now to be but little more than the 
completing of investment orders, and as they are completed 
the market drops, there being so little doing to sustain 
prices. The demand for shipping iron is very quiet, and 
prices are again lower, the amount of the reduction 
ranging from 6d. to 2s. per ton. Taking the price of 
warrants now at 45s. 3d. it is worthy of note that at this 
time last year it was 42s. 5d., as against 49s. 14d. in 1878, 
54s. 44d. in 1877, 57s. 10)d. in 1876, and 62s. at the corres- 
ponding date in 1875. T seems to be no intention yet 
on the part of the Scotch ironmasters to reduce the make 
of pig, notwithstanding the fact that the price is so very 
low. Three blast furnaces that had been } sone down at 
Carron Iron Works on account of wages difficulty with the 
furnacemen, but which has been compromised, have again 
been blown in ; and the total number now in active opera- 
tion in Scotland is 116 as compared with 39 at this time last 
year. Last week’s shipments of pig iron from all Scotch 
ports amounted to 11,036 tons as against (11,415 tons in the 
corresponding last year ; and up to the end of last 
week the total shipments from Christmas had reached 
$13,056 tons, or fully 100,000 tons more than in the same 
period of ee ge The stock of pig iron in Messrs. Connal 
and Co.’s public warrant stores up to the end of last week 
was 442,670 tons, the increase for the week being 797 tons. 
Oban Railway.—This railway is now practically com- 
, and will be opened next month throughout its whole 
. A careful re of the works was made on 
Thursday and Friday of last week on behalf of the Board 
of Trade fam velar who was accompanied by 
and Mr. John Anderson, secretary 








the [ak Jo 


SSS SP Sgacn and Mone. Lien ont 
in, the engineer, essrs. an 
tehell, contractors. 

Dundee Authorities and the Tay By sdos. — Bootes 
meetings of the Dundee Harbour Board and Town Council 
were held on Monday at which petitions to the House of 
Commons were approved of asking that the Standing 
Orders might not be allowed to stand in the way of the 
introduction of a Bill authorising the immediate restoration 
of the Tay Bridge. That great stracture, as part of the 
East Coast route, had already become such an important 
connecting link between the counties of Fife and Forfar 
that its partial destruction has since been greatly deplored 
by many thousands of railway travellers. 


NOTES FROM THE SOUTH-WEST. 

Railways in the Forest of Dean.—Mr. John Greenbank 
has secured contracts for some short railways in the Forest 
of Dean, and an effort is being e to insure an early 
start of the work in order to meet the distress existing in 
the western part of the district. The first railway is to 
connect the Cinderford and Bullo line with the Forest 
Central, affording a new and important outlet for the 
Cinderford Valley, giving also a passenger service ; and the 
second is to connect the Great Western system by a junction 
at Awre, also on the Central Railway, with the Severn 
Bridge. These links—with the one ¥ completed from 
the northern of Cinderford Valley to Mitcheldean- 
road, Hereford, and Ross lines—will provide a new and im- 
portant route between the west and south of England from 
the midland counties and Staffordshire. A further ex- 
tension is being promoted by — who were identified 
some years since with the Worcester, Dean Forest, and 
Monmouth Railway, for which—though never carried out 
— Parliamentary powers were obtained. On Saturday the 


and 








red | engineer of the company visited the Forest for the pape 
t. This 


of arranging a deviation of No. 2 Bill of the projec 
will consist of a new line direct from Coleford to the Central 
Forest Railway at Howbeach, Moseley Green, crossing the 
Parkend Valley by means of a high level. Should the 
latter line be carsied out it will lessen the distance between 
Coleford and Gloucester, and will be practically a continua- 
tion of a new line in progress between Monmouth and 
Coleford. It is stated that although Parliamentary powers 
have not been obtained for the high level line, the wn, 
it is believed, will offer no difficulties, as the proprietors of 
the land have a anne desire to aid any good schemes cal- 
culated to more fully develop the Forest of Dean. Another 
railway on the tapis is a short line to be made by the Great 
Western Railway Company between Mitcheldean-road and 
Newent, opening np an extensive agricultural district, and 
giving necessary ilway facilities to the proprietors of the 
newly-discovered >alfield at Newent. The Great Western 
Railway Company ha: e doubtless in view the creation of a 
direct competing route between the midland district and 
Bristol, which city may be thus reached by the successful 
carrying out of their great tunnel scheme at Portskewett. 
Newport.—Iron ore arrived last week to the extent of 
9199 tons, as against 14,725 tons in the previous week. 
The exports of iron amounted to 2118 tons as com 


5d. | with 5961 tons in the previous week. The quantity of coal 


sent oversea was 73,075 tons, as compared with 17,982 tons 
in the previous week. 


Qerdig.~Conk of the better kinds was in good demand 
last week, and prices were firmer. No advance, however, 
was obtained. Iron exports fell off last week 5000 tons, 
but more patent fuel left the port. Orders for this article are 
arriving more freely, and prices are a trifle firmer. Coke 
orders are scarce, but prices for the better kinds keep firm. 
The quantity of coal cleared foreignwise last week was 
93,906 tons ; coastwise, 13,753 tons; and shipped for 
bunkers, 8695 tons, making a total of 116,354 tons. Last 
week’s iron exports were: Rails to New York, 713 tons, 
by the Rhymney Iron Company, and 270 tons by the Dow- 
lais Iron Company ; to Madras, 1005 tons by the Dowlais 
Iron Company ; pig to New York, 450 tons, and to Bilbao, 
100 tons by the same company ; total, 2547 tons. 


Wages in South Wales.—A meeting of the members of 
the Monmouthshire and South Wales a Scale Com- 
mittee was held on Monday, at the Royal Hotel, Cardiff, 
under the presidency of Mr. W. T. Lewis. Some time has 
elapsed since the last meeting of this body, the general 
election having intervened, but there were no very important 
trade discussions on Monday, as far as we are given to 
understand. It seems that there were minor disputes as to 
certain arrangements at the Glamorgan a pits, 
and at Cwmbran. These were considered at a preliminary 
meeting of the mens’ representatives who sit on the com- 
mittee. The respective questions were afterwards sub- 
mitted to the general committee, and an amicable \- 
ment was arrived at. Some discussion arose as to the 
wages rate, and it was eventually decided that the i 

ices of coal for the period of four months ending the 

1st of = last should be ascertained forthwith by Messrs. 
Routh, Kirk, and Co., accountants, of Leeds. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Parkgate Iron Company, Limited.—The directors of 
this company have just issued their report for the past 
year. They say that the com have not (in common 
with other manufacturers) i the full benefit of the 
late advance in prices, having sold forward at the market 
pees of the cag & codes te gn Go wile and Be into 
ull ion, and to enable them to start the Holmes 
blast furnaces, 20001. has been written off for depreciation 
on plant, and 16951. from iation in rolling stock. The 
net profit during the year was 10,9591. 2s. dividend 





declared is five per cent. for the year, and 1200/. will be 
carried to the reserve fund. 


Engineering Trades.—The inquiries in this ent 
ae for heavy machines suitable to the reviving 
trade, or for tyres axles and lighter parts for locomo- 
tives. There however been a cessation of orders since 
the Whitsun holidays, and we hear of some firms being very 
slack of work. In the Leeds district this is especially the 
case. ilermakers are ing away their workmen, and 
this industry is much dist At the mills there is a 
renewed for steel ship and boiler plates, and this de- 
partment is for the time bein g revolutionised. 


Sheffield Street Improvements.—The Corporation of 
Sheffield has obtained borrowing powers to the extent of 
one-half a million of money ; this sum to be used for pur- 
poses of improvement. A small balance of the borrowing 
powers is now available, but nearly one-third of the property 
sought for has yet to be acquired. A financial block is 
anticipated. 


The Heavy Trades.—The severe depression in prices in 
the iron market during the t fortnight has almost 
one trade. Irons, local le, have fallen 7} per cent. 
in fourteen days, and Bessemer billets 10 percent. Specu- 
lation is at a stand-still and the prospect not encouraging. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was a 
better attendance on ’Change at Middlesbrough. There 
was, however, very little business done, rices were 
nomi the same as they were last week, No. 3 Cleve- 
land pig being quoted 36s. 6d. per ton. Makers, however, 
did not care to offer at this figure, the prevailing opinion 
amongst them being that the minimum been reached. 
Some of the consumers appear to hold the same opinion, as 
they are making more inquiry. Messrs. Co and Co., 
the warrant storekeepers at Middlesbrough, have a stock 
of 83,838 tons, and are receiving and delivering in moderate 
quantities. Cleveland warrants are rather scarce, and 
rices are now ls. per ton above ordinary makers’ iron. 
eo at ne continue active, and are 
likely within the next few days to be more brisk, owing 
to exports that are to be made to the United States. This 
activity in shipping is, however, no criterion of the present 
demand for pig iron, as the deliveries are on account of the 
orders which were obtained some months ago. The blow- 
ing out of the Seaham blast furnaces, and those of Messrs. 
Bolckow, Vaughan and Co., at Wilton Park, are ed 
by the trade as satisfactory, seing that the total productive 
power is in excess of the demand. On the other hand, 
there will not be ony, grok diminution of make, as the 
blowing in of the Middleton furnaces, near Darlington, will 
about equalise matters. 


The Finished Iron Trade.—The demand for finished iron 
keeps very low, and prices are becoming weaker. There is 
a fair amount of work going on in the district, but unless 
there are some renewals shortly, there will be a stop to the 
present activity. Iron rails can be bought at about 61. per 
ton less 2} per cent., and plates and angles are as low as 
51. 15s., while puddled bars are selling at 31. 10s. 


Engineering and Shipbuilding.—Throughont the North 
of England peas is fairly active, and marine builders 
are very well employed. On the Tyne some splendid 
steamers have recently been launched, and there are many 
more on the stocks. Last week the magnificent yacht for 
the Marquis of Londonderry, built by the Palmer Iron 
Shipbuilding Company, took her trial trip and gave every 
satisfaction. Messrs. Palmer and Co. are tendering for 
the two boats which are required by the Government. On 
the Tees, shipbuilders are busy. 


The Steel Trade.—At Messrs. Bolckow, Vaughan, and 
Co.’s Eston Steel Works, Middlesbrough, rapid progress 
is being made with the huge converters which they are 
—s for the making of steel by the Bessemer process 
from Cleveland iron. Mr. Muller is veg Bag 
factorily with his alterations at the aos orks, 
eyes ee and the Darlington Iron Company are so 
far advanced that they expect to start their steel making 
plant before the end of this week. It is their intention to 
use hematite ores only at present. In the course of a few 
weeks the output of steel in the Cleveland district will be 
very heavy. 

The Coal and Coke Trades.—In the coal and coke trades 
there is nothing new to report. Steam coal is quoted 
8s. 6d. per ton less 5 per cent. f.o.b. in the Tees. Nut coals 
are in fairdemand. For household coal there is a smaller 
inquiry, and manufacturing coal is in less request. Blast 
furnace coke can be bought for 1ls. to 12s. 6d. per ton, 
but the best qualities are realising from 15s. to 18s., de- 
livered in Cleveland. 


Frencu Rattwayrs.—The aggregate length of new rail- 
way opened in France in 1879 was 383 miles. A greater 
extent of line is expected to be completed in 1880, in con- 
sequence of the impetus given to the work of French rail- 
way construction by M. de Freycinet. 


Souts Arrican Raitways.—The North-Eastern Rail- 
way of British South Africa has been seriously damaged be- 
tween Middleton and Cookhouse by recent heavy rains, and 
it will be some time before through traffic is resumed. The 
road suffered just as any other néw and unsettled road 
must suffer from an exceptionally heavy and continuous 
downpour. The Commissioner of Public Works has pro- 
mised that as soon as Mr. Young, an engineer now 
upon the Mossel Bay Railway survey, has completed his 

2» itructed to make a survey of a 
line from Audtshoorn to join the Midland line 
either at Klipplaat or Mount Stewart. The route is an 

















exceptionally easy one, offering no engineering difficulties 
of any magnitude. 
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NOTICE OF MEETING. 

Tar SOCIETY oF TELEGRAPH ENGINEERS. — Thursday, 
June 3rd, at the Institution of Civil Engineers. Council 
Meeting at 7 p.m. Special General Mee at 8pm. “The 
Dynamo-Electric Current in its-Application to Metallurgy, to 
Horticulture, and to the Transmission of Power,” by O. William 
Siemens, D,.OC.L., LL.D., F.B.S., Past President. 
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THE DUSSELDORF EXHIBITION. 

On the 9th inst. there was opened at Diisseldorf 
an Exhibition for works of art and industry, which 
although confined, as far as the industrial de- 
artments are concerned, to contributions from 
Vesphalia and Rhenish Prussia, with the ad. 
joining smaller principalities, and for works of 
art to Germany generally, is nevertheless of con- 
siderable importance and interest, and well de- 
serving of a visit from all who are interested 
in such industries as are carried on in the above- 
named provinces. The first impulse to this under- 
taking was given by Mr. R. M. Daelen at a meeting 
of the Rhenish section of the Society of German 
Engineers in May, 1878, and Mr, H. Lueg, engineer 
and manufacturer in Diisseldorf, was elected presi- 
dent. Under the able and energetic management of 
tais gentleman, assisted by a well-organised com- 
mitte2 and staff, the preliminary work of the pro- 
posed Exhibition made rapid progress. The decision 
of the Society for promoting German Art to hold 
at the same time and place their fourth art exhibi- 
tion was a very welcome addition to the programme, 
and one calculated to add additional interest and 
charm to the undertaking. The greater part— 
nearly 20,000/.—of the necessary funds was secured 
by shares, while the local and town municipalities, 


railway companies, and the surplus of an industrial 





exhibition held in Diisseldorf in 1852 contributed 
some 50007. As the most suitable place the site of 
the Disseldorf Zoological Gardens, comprising in 
some 47 acres, was chosen, and for this place the 
Commission has to pay a rent of nearly 3000/, for the 
time the Exhibition is to last, namely, until the 15th 
of September next. Competitive designs for the 
main exhibition buildings were invited in May last 
ear, and the first prize of 125/. awarded to 
am Boldt and Trings, of Diisseldorf, to whom 
in conjunction with Messrs. Holzapfel and Saal, 
the contract for the building was ultimately given 
for the sum of 20,2507. In the summer of 
1879 the buildings were commenced, and Mr. 
Diicker, the architect, who had already acted in 
similar capacities at the local exhibitions in Han- 
over and Berlin, was engaged on behalf of the Com- 
mission to superintend the execution of the works. 
The entire Exhibition is divided into twenty-two 
groups, as follows: 1. Agriculture and forestry ; 
2. Mining and salt ; 3. Smelting; 4. Machinery and 
transport; 5. Metal industry; 6. Chemical in- 
dustry ; 7. Alimentary products; 8. Ceramic and 
glass industry; 9. Timber and articles of wood; 
10. Ironmongery; 11. Textile industry; 12. Ar- 
ticles of clothing ; 13. Leather and india-rubber 
goods ; 14, Paper industry ; 15. Polygraphic trades ; 
16. Scientific and hygienic instruments; 17. Musi- 
cal instruments; 18. Building and civil engineering ; 
19. Educational; 20. Art manufactures; 2]. His- 
torical art manufactures; 22. Fine art exhibits. 
The Exhibition buildings, situated in the Zoo- 
logical Gardens, nearly two miles from the centre of 
Diisseldorf, are very easy cf access, three tramways 
from different parts of the town running cars at 
frequent intervals during the day, while the 
Bergische - Mirkische Railway and the Rhenish 
Railway have stations in the grounds. The main 
exhibition building is, like all others, only tempo- 
rarily built of wood, but it is nevertheless a hand- 
some structure, and we shall give in an early num- 
ber some engravings and detailed descriptions of it: 
we will therefore at present only give a few general 
particulars, The main building, then, is a rectangular 
structure, consisting welled py » naves, about 
1200 ft. in length, in by four transverse 
galleries about 335 ft. in length, and it covers an 
area of 38,270 square yards. Its smaller side faces 
south-west with a handsomely decorated facade, 
—— in dark chocolate colour, and this same 
esign has been repeated for the large entrance hall 
on the north-west side, facing the Zoological Gar- 
dens. In addition to the main building there is a 
special hall for Group I. 430 ft. long and 62 ft. wide, 
while numerous pavilions built by different firms for 


y,| their respective exhibitions, are scattered all over 


the beautifully laid out grounds, giving to the 
whole a charming aspect. The artistic taste with 
which most of these pavilions, some of considerable 
size, have been executed, reflects great credit upon 
their designers. These annexe buildings cover an 
area of 13,150 square yards, making a total covered 
area of 41,420 square yards, which by the way is as 
much as that occupied by the Sydney Exhibition. 

There are nearly 2600 exhibitors entered in the 
catalogue, but a great number more firms are actually 
exhibitors, since there are several group exhibitions 
of towns or districts contributed to by a number of 
different firms. The art collection, for which a 
special catalogue is issued, is the finest ever shown 
of German art, and will no doubt attract the wide 
attention it deserves. 

The total number of inhabitants of the districts 
participating in this Exhibition is about one-fourth 
that of Germany, but when it is mentioned that 
more than 140,000 men are employed in coal and 
metal mining operations alone in these districts, an 
excellent show of objects in these ups may 
naturally be expected. This is indeed the case, and 
it may here be mentioned that bad or unworthy ex- 
hibits are conspicuous by theirabsence, material, 
good workmanship, and tasteful design being the 
characteristics of the Exhibition. 

Since we intend on an early occasion to give more 
detailed accounts of those groups that come within 
our scope, we will here only mention that in mining 
and chemical products, salt industry, and particularly 
in the iron and steel manufactures, the Exhibition is 
an excellent one. Rolled bars, girders, plates, rails, 
&c,, are shown by numerous firms, a stack of rolled 
joists, all 65 ft. 7 in. long, by the Union of Dort- 
mund, vary in size from 153 in, by 5} in. by @ in. 
thick, weighing about 33 cwt., down to a light 
section of 4 in. by 2 in. by y% in., also 65 ft. 7 in, 
.ong, weighing 419 lb, The same works exhibit a 





Bessemer rail, Danish State section, 170 ft. 7 in. 
long, ber goes | 23 cwt., bent into a continuous 
grating of ten bars, about 15 ft. long, with semi- 
circles at the end, about 12 in. in di , all excel- 
lently preserving the clean sharp outline of the rail 
section. A wrought-iron sleeper, Rhenish State 
Railway section, only about }in. thick in metal, and 
of bridge rail section, is shown in one len of 
151 ft. by the same firm. Plates 8 ft. and 
over and up to 32 ft. in length, are exhibited by 
various firms, while solid drawn wrought-iron tubes 
may be seen in sizes from one-tw of an inch 
outside diameter up to 12 in, outside, exhibited 
by the Diisseldorfer Tube Works and others. 
essrs. Piedboeuf and Co., of Diisseldorf and 
Aachen, have erected a handsome portal consisting 
of two columns made up of solid-drawn wrought-iron 
tubes of all diameters up to 8 in.; the base and 
capitals of the columns consist of boiler ends, 
flanged by hydraulic machinery, the largest mea- 
suring 7 ft. 24in. in diameter. These columns 
stand on square pedestals formed of large size plates 
rolled by the same works, and have all around them 
a number of interesting objects. Messrs. Schulz, 
Knaudt, and Co., of Essen, an also a very fine 
show of boiler plates, and a large welded corrugated 
flue, Fox’s patent, on their stand, Cast-steel objects 
are represented in great number and variety, pro- 
pellers and rolling mill housings are shown by the 
Gutehoffnungshiitte, along with a 1 number of 
other cast, rolled, and forged objects, ‘The Hagener 
Cast Steel Works show a considerable length of 
cast-steel cable chain, 3 in. in thickness in the shank, 
the links being 13 in. over all, while they likewise 
exhibit some smaller stud chain, also cast steel. 
Outside the main building Fried. Krupp, of 
Essen, is a prominent exhibitor in this class with his 
40-centimetre breechloading gun, brought here 
from his ea at Meppen. Enter- 
ing the machinery at the far end of the main 
ergs | we find a large number of fixed engines, 
some of types well known to our readers, amongst 
tiem the Collman engine exhibited by the Duis- 
burger Maschinenbau Actien Gesellschaft, who 
occupy a large space at one end of the hall, and 
who supplied the 20-ton overhead traveller for use 
during erection in this hall. We may here mention 
that the machinery hall is fitted along its two long’ 
sides with a number of electric lamps on Siemens 
we —— . system, oe pee done pe service 
i e fitting up o inery, and which will 
still be used me» -< ‘ c 
Equilibrium and double-beat valves are so much 
in favour with Continental engine builders that we 
cannot wonder at seeing a large number of the 
engines exhibited fitted with them. Messrs. G. Brink- 
mann and Co., of Wetter-on-the-Ruhr, show a hori- 
zontal condensing engine with a new valve gear, 
Hartung’s patent, which works exceedingly well, 
and the engine maintains so excellent a vacuum 
under somewhat unfavourable conditions in the hall, 
that we hope before long to be able to lay drawings 
of engine and condenser before our readers. The 
valve gear has the advantage of being one with 
gers valve action and is comparatively simple. 
he Humboldt Works in Kalk, near Cologne, show 
an engine with Zimmermann’s gear, the manufac- 
ture of which type they have lately taken up; this 
engine drives part of the machinery hall, as does also 
a very fine compound condensing engine with a new 
valve gear exhibited by the Gutehoffnungshiitte. 
The Markische Maschinenbau Anstalt, a firm well 
in the recollection of our readers, have a very fine 
horizontal engine fitted with their patent valve gear 
at work, which also assists in driving the shafting 
for the numerous tools, spinning and weaving 
machinery, paper and cloth calender and finishing 
rolls, and other objects requiring power to drive, 
At the far end of the machinery hall, which we 
have now reached, Messrs. Haniel and Lueg, of 
Diisseldorf, have a ie | fine stand, showing a large 
Rittinger pump, a fall drop boring apparatus for 
sinking shafts of over 14ft. in diameter, system 
Lippmann, forming part of a plant for idly sso 
felder Gewerksc and a number of other objects 
and models of which we shall have more to say in a 
future number. ‘Tools, steam hammers, pumps, 
air compressors, and rock drills, are shown in great 
variety, and by a number of firms, and we shall 
return to this subject on a future occasion, There 
are only three small locomotives in the hall, there 
being no large locomotive building firms in the 
district. The locomotives present are exhibited by 
the Society Hohenzollern of Diisseldorf, and are of 





normal gauge. One is a shunting engine with four 
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coupled wheels of 35}in. diameter, and 4ft. 6} in. 
wheel base, outside cylinders 11 in. by 15} in. with 
Allan link motion, the eccentrics being outside on 
counter-cranks fixed to crank-pins. The weight of 
the engine is ]5 tons 15 cwt. e second is a tank 
engine with four coupled wheels 3 ft. 11} in. in 
diameter, and 8 ft. 2 in. wheel base, outside cy- 
linders 1ljin. by 19$in., and with the same valve 
gear (slightly modified) as the engine previously 
Satiel. The weight of this engine is 18 tons 
15 ewt. The third is a tender engine with four 
coupled wheels 3 ft. 3¢ in. ia diameter ; wheel base, 
9 ft. 64 in. ; cylinders, outside, 9} in. in diameter 
by 134 in. stroke. This engine has outside valve 
gear of the Stephenson type. 

There are no railway carriages inside the building, 
but special pavilions have been erected for these in 
the grounds. Messrs. Van der Zypen and Chartier, 
in Deutz, have the largest private pavilion in the 
Exhibition, and show railway carriages of various 
classes as well as goods vans and trucks; Messrs, 
Weyer and Co., of Dusseldorf, also show several 
railway carriages and a meal transport wagon of a 
type of which they have supplied a number to Italy, 
In the same annexe are some railway carriages 
by Messrs. G. Talbot and Co., of Aachen, and 
by Mr. J. Goossens, also of Aachen. A number of 
various types of mostly iron permanent way, such 
as adopted. by different railway companies in 
Germany, with railway signalling apparatus, are 
shown in the grounds, where ‘nay also be found the 
range of boilers supplying steam to the machinery 
hall. Of all these subjects we must defer our notice 
till a future time, taking leave of the Exhibition 
for the present with the assurance that the members 
of the Iron and Steel Institute on the occasion of 
their visit to Diisseldorf in August next, will find 
that the Exhibition abounds in objects possessing 
for them a special interest. 








LONDON WATER SUPPLY. 

Tue question of the future of the water supply 
seems yet far from any chance of solution. Accord- 
ing to almost common consent, although for reasons 
we fail to perceive, the fall of the late Government 
has been largely ascribed to the Water Bill which 
they introduced into the Commons just previous to 
the dissolution of Parliament. But this measure 
has plainly been divested of any political importance 
by the fact that the question was utterly ignored in 
the Queen’s Speech and subsequent debates during 
the opening of the present session. 

Towards the close of last month a lengthened 
debate took place at two meetings of the Metro- 
politan Board of Works on the water supply of the 
metropolis, depending on a motion by Mr. Selway, 
which indirectly tended to place the future of the 
question in the hands of the Board. It will be un- 
necessary for us to summarise the arguments that 
were brought forward during the debate. In the 
end the following motion was carried: ‘ That it 
be. referred to the Works and General Purposes 
Committee to consider and report upon the »cces- 
sity and means of improving the water supply of 
the metropolis, either by amending and regulating 
the powers of the existing water companies, by 
consolidating their undertakings, by providing an 
additional supply of pure water, or by any other 
means the committee may deem desirable with 
authority to confer with Her Majesty's Government 
thereon.” 

This resolution seems to us practically as putting 
into the hands of a committee of the Metropolitan 
Board of Works, the duty which should really be 
undertaken by a select committee of the House of 
Commons, for whatever result the Board committee 
may come to, it will have but little influence on a 
Parliamen committee to which the whole 
subject must inevitably be sent for a final decision. 

e next turn to the action of the ratepayers. 
At a meeting held at the enc of last month of 
delegates from the various metropolitan vestries, 
after much discussion it was resolved that the best 
course that could be adopted was that of waiting 
on Mr. Gladstone, as Prime Minister, partly to urge 
his attention on the — importance of the 
London water supply, jut more especially to get, 
without delay, a Bill introduced into Parliament 
to curb the powers which the London Water Com- 
panies might acquire by the new valuation of pro- 
perty about to take place; and which under their 
present Acts would enable them still further to 
—— their charges for the supply of water in 

ndon, 





Next comes the action of the City Corporation. 
A deputation has recently waited on the Home 
Secretary representing the views of the civic 
Common Council, and the result was both amusing 
and edifying. The members, after being carefully 
heard, were asked how far they had mastered the 
details of the subject, and whether they had any 
definite plan to propose for its solution. To these 
queries they were obliged to reply in the negative, 
and were politely bowed out, returning, we should 
think, to the City with feelings that must have 
existed in the mind of the fox, who in the old 
fable was described as greatly dissatisfied with the 
supper which the stork had offered him. The long 
head of the Home Secretary was like the pitcher of 
the bird, too deep for the civic authorities to deal 


Last on the list we may notice the action of the 
Society of Arts. The Council have held already, 
primarily at the instigation of the Prince of Wales, 
two annual conferences on the question of water 
supply. The reports of these meetings and of the 

apers read, afford an immense amount of valuable, 
ecause practical, information on the subject. It 
was accordingly intended to hold a conference in 
the present month. But, at the last moment, the 
Council resolved that having confidence that the 
supply of water to the metropolis will be fully con- 
sidered by the Government at an early period, it 
was desirable that the proposed conference should 
not now be held. 

We thus see that all of what properly should be 
the most competent authorities on the water ques- 
tion, confess themselves thoroughly beaten. They 
have consequently thrown all the responsibility on 
the new Government, a convenient but probably a 
very uncertain mode of getting out of the difficulty. 
{t is plain that a monopoly which has gathered 
strength by growth for about two centuries will not 
easily be curbed or controlled. It is impossible 
that any attempt at a final settlement of the ques- 
tion will be made during the present session. No 
one seems to know what provisional arrangements 
were made by the late Government with the com- 
panies, before the Watcr Bill was introduced into 
Parliament. In fact the whole question seems so 
full of entanglements arising between public good 
and private interests that a solution satisfactory to 
all parties seems an impossibility. Perhaps the 
Government may take the same view of the subject, 
and throw the responsibility on the ratepayers. 
Indeed the Home Secretary seems to have adopted 
this course in his reply to the City deputation, and 
we should not at all be surprised if the Government 
adhered to such a plan. 








TESTING THE POSTAL TELEGRAPH 
LINES. 

Wuew Mr. W. H. Preece, the chief electrician of 
the Government postal telegraphs of this country, 
paid an official visit to the United States a few 
years ago in order to report upon the working of 
the telegraph companies there, and note any im. 
provement that might be introduced with ad- 
vantage into the British system, one of the 
novelties which he imported from America was 
the method of testing the wires by “ received 
currents” or currents received at the end of the line, 

He has adapted this plan to the telegraph system 
under his superintendence with very great success, 
thanks mainly to the professional ability of his 
assistant, Mr. H. R. Kempe, who at a recent meet- 
ing of the Society of Telegraph Engineers, gave an 
interesting account of the method now followed in 
testing the inland lines throughout the country in 
this way. 

Mr. Kempe began his remarks by disputing the 
observations of Mr. Louis Schwendler, of the Indian 
Telegraph Service, in his recent book of instructions 
to Indian electricians, to the effect that a system 
similar to that in use in India would be suitable to 
England. Mr. Kempe pointed out that a system 
admirably adapted to the long Indian lines through 
a barbaric country, would be unnecessary in a 
populous country like the United Kingdom, where 
the lines are divided into testing sections of twenty 
miles. The system followed in each of the two 
countries was, he contended, best adapted to that 
country. 

_ The old method of testing the lines consisted, as 
is well known, in measuring at stated times the 
resistance of the line in ohms; the new method 
consists in measuring the strength of current in 
webers, or rather in milliwebers, or thousandths of a 





weber, as proposed by Mr, W. H. Preece. A standard 
received current is fixed upon for the particular line 
to be tested, and if the line is in good order the 
received current actually measured should be equal 
or nearly so to the standard current. The per- 
centage of deviation from the standard value shows 
the faultiness ofthe line. The falling off from the 
normal condition is thus observed, and obviously this 
is all that is practically necessary. 

_ The standard received current for a particular line 
is chosen as the current which flowing through the 
proper resistence of that line will work a Morse 
instrument. For example, the current from a ten- 
cell Daniell battery, giving an electromotive force 
of about 10 volts, and flowing through a line of 
wire resistance of 3000 ohms, will work a Morse in- 
instrument when the insulation of the line is perfect. 
Now the current in this case is 


10 volts — 9933 webers or 3.3 milliwebers, 


3000 ohms 
which is the standard, or as it is officially called, the 
‘‘ estimated current received” when the insulation is 
perfect. When the insulation is defective ten cells 
will not suffice to send so strong a current to the 
end of the wire ; and hence more battery power is 
required to work the receiving instrument. 

The strength of the received current is measured 
at the end of the line by means of a tangent galvano- 
meter; and the testing current itself is supplied by 
a standard Daniell cell, a section of which is shown 











in the figure. The vessel is a square box of ebonite 
divided into two equal compartments by an ebonite 
partition. The right-hand compartment contains 
water, and is merely a receptacle for the porous pot 
containing the copper plate C and the sulphate of 
copper solution and crystals, when the cell is not in 
use. The, water keeps the pores of the pot from 
choking up with crystals, while the advantage of 
placing the sulphate of copper chamber there when 
the cell is out of use is that the cuprous solution 
will not go on diffusing itself in the sulphate of zinc 
liquor of the left-hand compartment. The latter 
compartment contains a zinc plate Z, which is the 
negative metal of the couple, and a piece of zinc 
rod Z! which lies on the bottom. The solution of 
sulphate of zinc is half saturated, and when the cell 
is out of use only reaches to the bottom of the zinc 
plate. The function of the separate piece of zinc 
Z' is to decompose any sulphate of copper solution 
that may diffuse into the sulphate of zinc solution 
from the porous when it is immersed for working 
amidst the sulphate of zinc. Metallic copper de- 
posits on the zinc rod, and the cell is thus purified 
when not in action. ‘The zinc rod may be scraped 
from time to time and thus rendered efficacious 
again. To put the cell in use the porous chamber 
is removed from the right-hand compartment and 
immersed in the sulphate of zinc solution in the left- 
hand one. The latter solution then rises till the zinc 
plate is covered and the cellis ready foruse. When 
done with, the porous chamber is withdrawn from 
the left-hand compartment, and replaced amongst 
the water in theright compartment. As the standard 
battery is only required for a few minutes at a time 
it keeps constant foralongtime, The electromotive 
force is 1.07 volts. 

The tangent galvanometer devised by Mr, Kempe 
for these tests deserves a passing notice. It is de- 
signed to give a current of a millimetre when one 
standard cell is passed through it. The electro- 
motive force of such a cell being 1.07 volts, the 
resistance of the galvanometer is 1070 ohms, made 
up of 320 in the instrument itself, and 750 added to 
it for the purpose of practically lengthening the 
line being tested, in case a fault should exist very 
near the end of the line next the instrument. This 
galvanometer has four grades of sensibility. 

Elaborate tables have been calculated by Mr. 
Kempe to facilitate the working out of these re- 
ceived current tests, so that as little time as possible 
is consumed in the process, Official forms have 
also been devised for registering them from day to 
day and month to month, the lines being tested 
twice a day and once a month. The monthly tests 
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are for insulation resistance and conductivity of the 
wire. ‘The insulation tests are taken with the zinc 
current on the line. The conductivity tests are 
taken as usual with the Wheatstone balance, both 
zinc and copper currents being applied to the ‘ine. 
A novel arrangement of the switch for changing the 
currents provides that the deflections of the galva- 
nometer in the “‘ bridge” wire shall always indicate 
plus or minus resistance in the same direction, 
whether the current be positive or negative. 

The British climate is very unfavourable to tele- 
graph lines, but notwithstanding this fact, such is 
the excellent efficiency of their management, that out 
of the whole 1200 circuits in constant work, com- 
prising 120,000 miles of wire, there are rarely over 
four faulty circuits at a time; often there is only 
one, and some time none at all. This remarkable 
success is largely due to the new system of testing 
by received currents, which proved of special service 
during the recent general election. 


THE WALSALL BOILER EXPLOSION. 

In our last issue (vide page 402 ante) we noticed 
briefly the disastrous boiler explosion which took 
place on the 15th inst, at the Birchills Hall Iron 
Works, near Wallsall, and we at the same time gave 
general particulars of the exploded boiler. The ad- 
ee inquest was resumed at Walsall on Friday 
ast, the 21st inst., but owing to a communication 
which the coroner (Mr. A. A, Fletcher) had received 
from the Home Office to the effect that Mr. A. 
Young had been instructed to attend the inquiry on 
behalf of the authorities, but that he would not be 
able to be present on Friday last, it was resolved to 
postpone the professional evidence, and only to 
partially examine three of the witnesses present. 
Under these circumstances we shall ourselves post- 
pone any detailed discussion of the circumstances 
attending the explosion, and shall merely give a 
summary of the evidence presented on Friday last. 

The first witness called was Mr. W. Brownhill, 
who stated that he was one of the proprietors 
and managing director of the Birchills Hall 
Iron Works, the latter being the Bom et | of a 
limited company formed in 1868. The machinery 
at the works was under the supervision of a forge 
manager (the late Mr. B. Harrison, who was 
killed by the expladicn), the mill manager, Mr. E. 
Johnson, a millwright, two engineers, and two 
foremen boilermakers. In November, 1877, the 
boilers were, moreover, placed under the inspection 
of the Boiler Insurance and Steam Power Company, 
Limited, of Manchester, and on the 5th of the 
present month the same company accepted them 
for insurance, and a year’s premium had been paid 
on them. He (the witness) had considered that by 
insuring the boilers he had given the extra induce- 
ment to the insurers to maintain an efficient inspec- 
tion. On receiving the report of each inspection 
he had handed it over to Messrs. Harrison and 
Johnson with instructions for them to read it over 
to the millwright, engineers, and boiler foremen, 
and to carry out the work described in the report 
as necessary. ‘The boilermakers did not work piece- 
work when repairing the boilers, and no restriction 
was placed on the cost. The iron used in repairs 
was almost invariably Millington’s best-best Summer- 
hill plates ; but when a single plate only was wanted, 
it was occasionally made of the firm’s own treble- 
best boiler iron under Mr. Harrison’s direct super- 
vision. The Boiler Insurance and Steam Power 
Company inspected the boilers as often as they 
thought fit, but there were no stated times for the 
inspections. ‘The boiler was cleaned out once a fort- 
night, and it was inspected very shortly before the 
explosion, the last report being on the 7th inst. The 
inspector then stated the boilers to be in fairly good 
condition. The damage done by the explosion was 
not covered by the insurance. The pressure allowed 
for the boilers by the insuring png | was 30 1b. 
a! square inch, except in the case of one small 

oiler, for which a pressure of 60 1b. per square inch 
was allowed. With reference to the state of the 
boilers at the time they were accepted for insurance, 
Mr. Brownhill read the following letter : 

“The Boiler Insurance and Steam Power Company 
(Limited)—Offices : 67, King-street, Manchester—May 6, 
1880. Proposal No. 25,723, Engineering Department; 
Messrs. The Birchills Hall Iron Company (Limited), 
Birchills Hall Iron Works, Walsall.—Gentlemen, I beg to 
inform you that your proposal of November 26, 1878, for 
assurance of your boilers, has been accepted by the Board 
as per accompanying letter of acceptance. The boilers 


were by one of the inspectors of the com on 
the 29th ult., No. 1 while standing, and the conaieier 
while working. that the furnaces of No. 1 are 








He re 
slightly leaky in je nes ry both above and below the 








grate bars; and that there is slight leakage from several 
laces at the top of No: 2 and from the joints of the man- 
ole covers of Nos. 4 and 6, which should be stopped. The 
late near the edge of the manhole of No. 3 is corroded }th 
eep, 9in. by 24in. I note that No. 2 has been repaired 
at the underside, and longitudinal bar stays fixed since the 
ins — last Fe ger I shall, apr nen feel 
obliged by your affording us an opportunity of making a 
thorough examination of this boiler, in order that the in- 
lg Ga pth 
repairs. e surfaces ves sho 
be reduced to }th in width ing down the outer 
edges, and the load on the valves should be adjusted to the 
stipulated pressure of 30 Ib. in the case of Nos. 1 to 60, 
i 60 lb. in the case of No. 8. The valve of No. 7 is 
already correctly loaded to 301b. per square inch. It would 
also be better if the feed pipes were arranged to deliver the 
water at a level of 2in. above the crown of the flues, and 
in the case of the horizontal boilers in the direction of the 
back end. This would not only improve the circulation of 
the water, but would also prevent it being lowered toa 
dangerous extent in the event of leakage past the check 
valves or pipes. I should also recommend you to fix one of 
Allen’s fusible plugs in each crown of each of Nos. 
1 and 2 boilers as an efficient peace against EO 
should the boilers become accidentally short of, water. With 
the exceptions mentioned the boilers, so far as examination 
could be made, were found in good condition, and the 
mountings attached in satisfactory working order.—Faith- 
fully yours, pro Nrzt McDovaatt (J. W.), chief en- 


eer. 
"Mr. Brownhill then went on to state that the 
boiler plates were generally 4 in, thick, and in some 
places § in., but this statement was objected to by 
the foreman of the jury, who observed that he had 
carefully examined the fragments at the works, and 
that the portion of the boiler with the flue on it 
was only ,°; in. thick, and that one plate on another 
piece was only } in. thick, Any future discussion 
of these points was, however, by consent postponed 
until the counsel representing the Home Office 
could be present. 

The next witness called was Thomas Cornfield, 
engineer, who had suffered severe injuries from the 
explosion. He deposed that he was in the ash-hole 
at the time the boiler gave way, and the pressure 
gauge then showed 30 lb. per square inch. The 
boiler was not fired but was connected with four 
puddling furnaces; he had never seen signs of it 
being unsound. It had not been repaired many 
times since he went to work there at the begin- 
ning of the year; this work was done by Henry 
Birch; he did not remember any plates being 
putin. Steam was blowing off strongly but not 
over strongly at the time of the accident, and the 
engine was going quietly. ‘There was no glass 
gauge, and those in charge had to go to the top to 
see how the water stood; there was a gauge at the 
top, and at the time of the explosion this showed 
4 ft. of water. There were two gauge cocks on the 
boiler, and every time he went up he had to open 
them. Examined by the foreman of the jury he 
went on to state that it was his duty to see 
to the height of the water in the boilers. The 
float of the boiler which exploded ‘might be 
stuck a bit at times.” He had never complained of 
too much heat being put under the boiler from the 
furnaces. The boiler had primed, but there was no 
indication of this on the morning of the explosion. 
Seven boilers (including the one which exploded) 
were connected together, but one was out of use. 
The six boilers in use were fed by one donkey 
pump, and there was also a pump on the transverse 
engine. He had several times put the weight on 
the safety valve lever back from the end. The 
boiler was fed from the hot-well of the condensing 
engine. 

Mr, Edward Johnson, the mill manager, was then 
briefly examined. He deposed that he was in the 
steel mill about 30 yards from the boiler when the 
latter exploded. He had been engaged at the works 
ten years, and the boiler had been there all this 
time. He had always considered it safe; he could 
give no details of the repairs. He had some control 
over the boilers, but Mr. Harrison attended to them 
more than he did. The boilermakers were re- 
sponsible for keeping them inefficient condition. — 

At this poiut the inquiry was adjourned until 
Monday next, the 3lst inst., when the official 
report of Mr, E. B. Martin will be presented, and 
when other professional evidence will be taken. 
There is every reason to hope that the inquiry will 
be a thorough one. ; 


SCIENTIFIC NOTES. 
AN ELECTRICAL SPEED INDICATOR. 

Tue speed indicators hitherto in vogue have 
usually been mechanical devices fitted to be read at 
the place where the engine itself is situated ; but 
Mr. i R. Kempe, of the Telegraph Department, has 








devised an electrical indicator which showsthe correct 
speed of an engine placed at a distance. In the trans- 
mitting part of this apparatus each revolution madeb 
the engine moves forward a ratchet wheel one tooth 
at a time, and thereby sends an electric current to 
the distant receiver. e currents thus sent during 
each minute are ‘‘ accumulated” in the receiver, till 
at the end of each minute, the indicating hand is 
unlocked by means of an accurate clock, and marks 
the number of currents received, or in other words 
the number of revolutions of the engine during the 
past minute. It follows that the sum of the succes- 
sive minute indications gives the total number of 
revolutions in a given time. 


SUBMARINE CABLES, 


Under the terms of a subsidy from the colonies 
of New South Wales and Victoria, duplicate cables 
have been laid between Singapore and Java, and Java 
and Port Darwin. The fault in the newly laid cable 
of the French Atlantic Company is said to be in 
shallow water about eight miles from the island of 
St. Pierre, and if so it will be easily remedied. 
re it has been caused by the carelessness of 
some fishing boat anchored at the spot. The recent 
loss of the Atalanta has revived the question of a 
cable to Bermuda, which was in a fair way of being 
answered in the affirmative some eight years ago, 
It would be advisable to lay the next English and 
West Indian cable on that line, with a branch to 
New York or New Orleans. A new cable between 
Cuba and Jamaica is tag and that between 
Cadiz and the Canary Islands will shortly be in the 
market, 

ScHooL oF MINEs, 


Mr. W. Chandler Roberts, F.R.S., chemist 
to the Mint, and one of the secretaries of the 
Physical Society, has been oo to the Lecture- 
ship on Metallurgy in the Royal School of Mines, 
rendered vacant by the resignation of Dr. Percy, 
Mr. Roberts is a pupil of the late Professor Graham, 
and is well-known for his researches with the in- 
duction balance. 


Raltsinc SUNKEN SHIPs. 


A modification in the method of raising sub- 
merged vessels, or other objects, by means of 
balloons, has been proposed by Herr Raydt, of 
Hanover. This consists in using liquefied carbonic 
acid gas to inflate the balloons at the proper time. 
The balloons are madeof canvas soaked in caoutchouc, 
and are attached to the chains round the vessel in a 
collapsed state, then inflated by allowing the con- 
densed gas to escape from ita reservoir into the 
canvas, A balloon of 3 metres diameter has in sea- 
water at 10 deg. Cent. a lifting force of 116,464 
kilogrammes. Divers can also raise themselves to 
the surface in this manner by having two collapsed 
balloons on the back and a reservoir of condensed 
ammonia gas on the breast with a pipe and stop-cock 
communication between. 


A CREMATING CAR, 


Ordinary interment of bodies does not appear to 
kill the germs of certain contagious diseases, and 
hence it is advisable to cremate them, It is better 
not to transport the infected body to the cremating 
furnace and run the risk of sowing infection in the 
district passed through, and to avoid this danger a 

rtable cremating furnace has been devised in the 

nited States by Messrs, Kuborn and Jacques. It 
is designed for transport by road, and any kind of 
fuel may be employed. 


GASES FORMED IN BLASTING. 


The nature and composition of the gases formed 
in explosions depend on the conditions under which 
they are produced, and especially on the pressure. 
MM. Sarrau and Vieille find that as the pressure is 
increased, the proportion of carbonic oxide produced 
diminishes while the proportion of carbonic acid in- 
creases, until a pressure is reached at which equal 
volumes of the two gases are produced. Ata mean 
density of products over 0.300, this result is obtained. 
With cotton powder, mixed with nitrate of potash 
to oxidise the poisonous carbonic oxide, they find 
that the oxidation is incomplete under feeble 
densities of charge; but at densities over 0.300, the 
carbonic oxide is completely oxidised. In the case 
of cotton powder mixed with nitrate of ammonia on 
the other hand, the combustion is complete even 
under feeble densities of charge. Under the ordi- 
nary conditions of employment 2.2 lb. of pure 
cotton powder yields 31.1 cubic feet of tant 





gases at 0 deg. Cent., while the same quantity of 
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cotton powder mixed with nitrate of pers yields 
13.6 cubic feet; of cotton powder with nitrate of 
ammonia, 16.8 cubic feet; of nitro-glycerine, 19.6 
cubic feet ; of ordinary blasting powder, 12.7 cubic 
feet, Under the feeblest pressures, that is, in the 
case of a ‘flash in the pan” the corresponding 
volumes of are 23.7, 8.2, 17.4, and 19 (nitro- 
glycerine) cubic feet ; and an important observation 
is that in such a case all these ae produce 
carbonic oxide ; hence it is advisable for more than 
economical reasons to avoid such considerations, 


MAGNETIC ATTRACTION IN WATER, 

A Russian savant, M. Obalski, makes a very fay | 
experiment with two magnets lightly suspended in 
a dish with opposite poles beyond the reach of 
mutual attraction in air. When water is gradually 
poured into the basin so as to gently immerse the 
needles they are sensibly attracted to each other. 
This effect is probably due to the diminished weight 
of the magnets in water. 


TEMPERING FINE TOOLS. 

A very fine temper is given by German workmen 
to their tools by simply heating them to a white 
heat and plunging them repeatedly into sealing-wax 
until the tool becomes too cold to penetrate the 
wax. 





NEW STEAM FLEET OF THE COMPAGNIE. 
GENERALE TRANSATLANTIQUE. 

A LARGE amount of interest has been excited both in 
this country and in France in regard to the new fleet of 
ten steamers, the contract for which was placed with 
three eminent shipbuilding firms on the Clyde and one 
on the Tyne, towards the end of last year, by the Com- 
pagnie Générale Transatlantique. It may be remembered 
that, after a keen competition, the contract was placed 
in the following way: Messrs. John Elder and Oo., 
Govan, four vessels; Messrs, A. and J. Inglis, Point- 
house, two; Messrs. Caird and Co., Greenock, two—all 
on the Clyde; and Messrs. Wigham, Richardson, and 
Co., Newcastle-on-Tyne, two. Eight were thus secured for 
the Clyde, and two forthe Tyne. This large and power- 
ful fleet is already beginning to assume a very practical 
shape, inasmuch as no fewer than six of the ten 
vessels have already been launched, while one of 
them has been completed and officially tested on 
the measured mile. The great rapidity which has 
characterised the work will, no doubt, add fresh laurels 
to the important ——_ industry of the Clyde. 

At the time when the contract was given out by the Com- 


pagnie Générale Transatlantique, a considerable amount 
of dissatisfaction was expressed in French commercial 
circles at what was characterised as the unpatriotic 
action of the company in diverting such a great amount 
of work from the French shipbuilding yards, especially 
at a time of general depression in almost all branches of 


industry at home. The considerations, however, which 
influenced the company in putting their orders past the 
shipbuilding firms on the western and southern coasts of 
France, and placing them with leading naval con- 
structors in this country, were, as stated by M. Percire, 
president of the company, the exceedingly short time 
and the low prices asked by the Scotch and English 
builders, as compared with the terms of their French 
competitors. 

It was towards the end of November last that 
the several contracts wore allotted, and the stipu- 
lated time for the construction and completion of the 
entire fleet was only 7} months; and hence it was but 
natural to suppose that the construction of the vessels 
would be watched with a keen interest, from the fact of 
the building and equipment of ships of the tonnage and 
description ordered in so short a time being looked upon 
as not easy of accomplishment, even in the large and 
well-appointed shipbuilding yards of the Clyde. But the 
confidence of the French company in the energy of the 
shipbuilders of this country has not been entirely mis- 
placed, as it is now ape | certain that the greater 
number of the ten vessels will be finished and delivered 
within the contract time just mentioned. Messrs. A. 
and J. Inglis have completed and delivered one vessel, 
the Charles Quint ; and on the 26th ultimo they launched 
their second, the Ville de Madrid, just four months from 
the laying of the keel. On the 12th of April, Messrs. 
Elder and Co. launched the first of their four vessels, 
the Moise ; on the 28th ultimo they launched their second, 
the St. Au ; and on Wednesday iast, the 26th inst., 
they launched the third—the Abd-el-Kadir ; the remain- 
ing steamer is in a very forward state. Messrs. Caird 
on Co.’s first steamer, named the Ville de Barcelona, 
was launched last Saturday morning ; and the other will 
be launched very_shortly. Both of the vessels placed 
with the Tyneside firm have also been launched ; and 
one of them will be ready for delivery in four or five 
weeks. 

In all essential particulars these ten vessels are alike, 
and consequently it will suffice if we give a brief descrip- 
tion of the Charles Quint, as a type of the whole fleet. 
This steamer, which was commenced on the 25th of 
November, and, as already mentioned, the first vessel to 





be completed, had her trial last Thursday and Friday, 
that is to say, she was finished within six months from 
the date of commencement, which, considering the size 
of the vessel and the elaborate character of her fittings, 
must be looked upon as a feat that is probably un- 
paralleled in the history of shipbuilding. The following 
are the principal dimensions of the vessel: Length be- 
tween perpendiculars, 313 ft. 6 in.; breadth, 33 ft. 6 in. ; 
depth, moulded, 25 ft. 6 in.; gross tonnage about 1850 
tons. The engines are constructed on the compound 
system, with inverted cylinders and surface condensers, 
the high-pressure cylinder being 42 in. in diameter, and 
the low-pressure 80 in, in diameter, with a stroke of 
4 ft. Steam is supplied by two circular double-ended 
boilers 14 ft. in diameter and 18 ft. in length, and 
having twelve furnaces. They are constructed for 
a working pressure of 75 1b. per square inch; and 
the indicated horse power of the engines is 2100. 
Accommodation is provided for sixty first-class, 
forty second-class, and sixty third-class passengers, 
besides the ship’s complement of officers and men, 
fifty in number all told. The dining saloon for the 
first-class passengers is situated on the spar deck aft, 
and is fitted up in the most luxurious style, with dining 
tables, revolving chairs, sideboards, piano, &c., the walls 
being panelled in marble, relieved with gold ornaments. 
A large and handsome smoking-room is fitted up abaft 
the dining saloon for first-class passengers. The roof of 
the dining saloon «is extended to the sides of the vessel, 
and forms a promenade for the same passengers. low 
the dining saloon on the main deck the first-class pas- 
sengers are provided with their sleeping accommodation, 
and on the same deck there are also situated the ladies’ 
and children’s saloons. The state-rooms are fitted up in 
a very handsome style, and have every requisite for the 
comfort of the passengers. The officers and engineers 
are berthed on the main deck, alongside of the engine- 
room, the second-class passenger accommodation being 
situated immediately forward, and that of third-class 
passengers being still further forward. On the same 
deck, and at the extreme fore end of the vessel, there are 
the quarters for the crew and the firemen. The lower 
deck forward is fitted up for carrying troops or cargo. 
The vessel is brigantine rigged, with pole masts of 
Oregon pine. She carries six boats, four of which are 
lifeboats. There is a powerful screw-steering gear fitted 
aft, together with steam-steering gear on the bridge 
amidships, steam windlass, three powerful steam winches, 
with hold pumps attached, fresh water condenser, cen- 
trifugal pumps for holds, and all the most improved ap- 
pliances for navigating the vessel with ease and safety. 

On Thursday of last week full-speed trials were made, 
and the result was a mean of 154 knots for six runs, whereas 
the speed stipulated for by the contract was 14 knots, 
This speed attained also was about a knot in excess of 
that got by Messrs, Elder in the case of their first vessel, 
the Moise, tried on the following Tuesday. Further trials 
took place on last Friday, when the vessel ran twice 
between Clock Lighthouse and the Little Cumbrae for 
a period of six hours, the object of the trial being to 
test the consumption of fuel. The speed was reduced to 
14.418 knots, and it was ascertained by the four runs— 
two each way—that consumption was equal to 26 cwts. 
of Scotch coal per hour. M. Daymard, chief superin- 
tendent of the Compagnie Générale Transatlantique, 
who superintended the trials for the company, expressed 
himself highly gratified with the ample manner iu which 
the terms of the contract had been fulfilled. 

We omitted to mention in an earlier part of this notice 
that the Charles Quint and her nine sister ships are in- 
tended for the mail service between Marseilles and 
Algiers in fulfilment of the company’s contract with the 
French Government. 

In connexion with this splendid fleet of ten steamers 
we may state that Messrs. Scott and Co., Greenock, 
have in hand four handsome screw steamers of 550 tons 
each for the intermediate mail service on the Algerian 
coast, as part of the same contract. One of those vessels 
was launched on Monday, in less than three months from 
the time when the work was commenced, and the second 
will probably be launched within a fortnight. 





RECENT RAILWAY ACCIDENTS. 

One of the earliest accidents of the year was the very 
important one which took place near Burscough Junction 
Station, on the Lancashire and Yorkshire Railway. By 
this accident five passengers were killed, 48 more or less 
seriously injured, a driver, guard, and two firemen were 
killed, a second guard was much injured, and consider- 
able damage was done to the two trains which came into 
collision. 

Burscough Junction Station is a small station pro- 
vided with two crossover roads, a short bay on the down 
side at the Liverpool end of the platform and sidings. 
The signal cabin working the interlocking points and 
signals is on the down side, and about 125 yards from 
the nearest crossover road. On the afternoon of the 
15th of January, a passenger train which had arrived 
from Liverpool to Burscough, had started to return to 
Liverpool, and being turned on to the wrong line of rails 
(the same track by which it had come from ne) 
came into collision with a train from Liverpoo: 
to Preston, and running on the same line of rails, at a 





int about 760 yards from Burscough. The local train 

iverpool to Burscough) arrived at the latter place 
about ten minutes late, the delay having occurred in 
consequence of its having to be shunted at Aintree to 
allow a fast train to pass. There was no bay at 
Burscough Station for this train to run into, and in 
consequence of its being late on the evening in question, 
it was not possible to cross it over to the right line for 
the return journey to Liverpool, before loading it, since 
the fast down train was nearly due, and a carriage from 
Southport was waiting on the down line to be coupled on 
to this express. When the train was started on its 
return journey to Liverpool, the intention of course was 
to shift it to the down line by the crossover road, and 
the points were opened for that purpose, but were pre- 
maturely shut, so that the train proceeded on the wrong 
line, a mistake obviously unnoticed at first by the driver, 
while the train from Liverpool was signalled to proceed, 
thus causing the collision. At the time of the accident 
the signalmen were shifting, and the man just come on 
duty stated that he found on entering the box, all the 
levers in position except one, which he assumed was 
(No. 8) the right one for working the crossover road, 
whereas it operated the bay siding points. This state- 
ment, however, did not appear to be believed, and General 
Hutchinson says that the probability is that he being 
anxious to get the signals lowered for the train from 
Liverpool, had restored the crossover lever to its position 
before the starting train had reached the points. The 
Board of Trade report emphasises the danger of running 
tank engines with the oubbes in front. In this instance 
both driver and fireman of the tank engine so running 
were killed on the spot. 

On the 26th January an explosion of a locomotive 
boiler occurred on a mineral line of the North-Eastern 
system, when the engine was standing at the Silkworth 
Collieries, near Sunderland. Neither driver nor fireman 
was much injured, and no other person was hurt. The 
ring of the boiler next the firebox was almost completely 
torn away, together with t of the outer shell of the 
firebox on the ehGhend dite; some damage was also 
done to the moving parts of the engine. The locomotive 
was built in 1871, and underwent various repairs at 
different times. In February, 1878, it was tested by 
hydraulic pressure up to 2001b. Examination showed 
that in the locality of the explosion there was deep 
grooving in the lower plate of an overlapping joint, 
which would have been scarcely discoverable on exami- 
nation, although it extended in some places nearly 
through the plate. In reporting on this accident General 
Hutchinson points out that there have been during the 
last five years, fifteen explosions of locomotive boilers, of 
which no less than nine have occurred on the North- 
Eastern Railway, and he submits that this fact calls for 
the serious attention of the directors of that line. 

The Board of Trade recently examined into the cause 
of a collision that occurred on the 11th February, upon 
the London and North-Western, and Great Western joint 
railways (Chester and Birkenhead section) between Green- 
lane Junction and Blackpool-street signal cabins, near 
Birkenhead. On the morning of the day mentioned the 
9.30 passenger train from Chester ran into a coal train 
that had been stopped at the Blackpool-street signal 
cabin, injuring nineteen passengers and the guard of the 
Chester train. The latter consisted of an engine and 
tender, a carriage truck, brake van, five passenger 
carriages, and a rear brake van. Four carriages were 
fitted with Clark and Webb’s brake. The stationary 
coal train was made up of an engine and tender, twenty 
coal wagons, and a rear brake. Both trains were par- 
tially derailed, and the damage done to the stock was 
considerable, Green-lane Junction signal is about a 
mile from Birkenhead, at a point where the goods lines 
running to the docks, join the passenger lines to Wood- 
side Station. The points and signals are worked from 
this cabin, and are interlocked with each other. Close 
to Blackpool-street cabin are a number of lifting bars, 
also worked from the box at Green-lane Junction. These 
bars are intended to show, by their position, whether 
trains have Fre Blackpool-street on their way to the 
docks or to Woodside ; the levers by which these bars are 
worked are interlocked with the signal and point levers 
at Green-lane Junction 400 yards away. From the 
evidence it appeared that the London and North-Western 
coal train was allowed to pass the Green-lane Junction 
by the line clear signal from Blackpool-street, but was 
stopped at the latter on account of a goods train having 
been stopped at the next signal-box. After standing for 
about ten minutes the train was run into, as described, 
by the passenger train from Chester, which was allowed 
to pass Green-lane Junction when the home signal was 
set at all right. The following is a summary of Colonel 
Rich’s explanation of the accident. The home signal at 
Green-lane Junction is slotted to act as a distant signal 
for Blackpool-street, but the signalman at this cabin did 
not put on the slot as soon as the goods train reached his 
cabin. Had he done so the signal could not have been 
taken off by the man at Green-lane Junction, and the 
coal train passed forward. The Blackpool-street signal- 
man had, moreover, signalled two sets of five beats 
referring to the first goods train, the second of which the 
Green-lane Junction man believed to refer to the line 
being clear for the coal train, which he passed on 
accordingly. There were three distinct omissions on 
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the part of the omg which together resulted in this ] elevation of the outer rail at the ones -cyn of crossing Negrs numbers will tell you they know not of boilers and 
accident. 1. The signal-man at Blackpool-street did | only 1} in., and it was supposed, in the | engines theneelven. be but leave this to engineer, who 
not prevent the down home signal at Green-lane from j condition of the engine to explain the pealiish, t this|is sure to put cold water on any — thing unless it 


being lowered by putting back his lever and slotting the 

signal as soon as the coal train had arrived at his box. 
2. He gave (not in accordance with the company’s rule) 
two sets of gong signals to the man at Green-lane 
junction, who was led to believe that the coal train had 
cleared, when it was only intended to show that the 
goods train had cleared Blackpool-street. 3. Although 
the morning was foggy and the delay of the coal train 
was unusual, the fogman on duty did not protect it by 
fog signal. 

A slight collision, attended with no serious injury 
to the passengers, and only with insignificant damage 
to the rolling stock, occurred on the 11th February, upon 
the Caledonian Railway, near Annan Station. On the 
morning of that day a pu, train from Brayton to | an 
Kirtlebridge overtook and ran into a heavy freight train, 
the engine of which had been pulled up by its load on a 
rising gradient of 1 in 90. The morning was misty, and 
the driver of the passenger train could not see the 
tail of the freight train, until it was too late to 
avoid the collision. The engine of the goods train was 
not powerful enough for its work, and had been late in 
leaving Annan, fourteen minutes before the departure of 
the passenger train. The station master did not acquaint 
the driver of this fact, nor did those in charge of the 
freight train take the precaution, when they found them- 
selves unable to proceed, to protect the line with fog 
signals, only one having been laid down 108 yards from 
the tail of the standing train. Major Marindin points 
out that there was carelessness at Kirtlebridge, which 
delayed the goods train, and that the line is not worked 
on the block system, which would have effectually 
prevented the accident. 

On the 18th February a collision cccurred at Tyldesley 
Station, on the London and North-Western Railway, 
when a passenger train from Wigan to Manchester ran 
into a part of a special goods train which had been left 
standing on the main line. This goods train had been 
stopped at Tyldesley on accovnt of a coal train in front, 
and the driver received instructions from the signalman 
near whose cabin he was standing to shunt his train on 
to a loop to clear the line for the passenger train, which 
had been telegraphed eight rainutes late from Preston. 
The driver accordingly divided his train, leaving sixteen 
wagons on the main line, and after having made three 
shunts, was returning with his engine to pick up the 
sixteen wagons, when the pa train ing up, 
ran into it, injuring ten persons. The accident was 
caused by the signalman at the east cabin lowering his 
distant signal for the passenger traiu, being under the 
impression at the time that the whole shunting opera- 
tions had been completed, and that the line was clear. 

On the 20th February an accident occurred on the 
North British Railway, caused by the derailment of a 
train, and resulting in the death of three persons. This 
accident occurred on the Camps branch of the North 
British, a short mineral line 3} miles long, and running 
from Uphall Station on the line from Edinburgh to 
Glasgow vid Bathgate. The branch was built to serve 
the limestone quarries at Camps, and about it miles 
from this place it crosses the vine of the river Almond 
on a brick viaduct of nine spans of 38 ft. each, and about 
80 ft. high. This viaduct is built only fora ‘single line, 
and is provided on each side with a parapet 2 ft. 5 in. 
above formation level. On the afternoon of the 20th 
February last as a train loaded with limestone was 
coming from Camps to Uphall, and approaching the 
viaduct, the axle of the fourth wagon from the engine 
broke, but this wagon did not leave the rails, nor did the 
next to it. The following vehicle, however, and the 
three behind it became derailed, and were dragged along 
the ballast until they struck the south end of the viaduct 
parapet with sufficient force to carry away 50 ft. of the 
low wall, and to send the wagons again to the middle of 
the track, along which they were dragged for a distance 
of 50 ft., when striking the parapet and overthrowing a 
second length of 70 ft., the three rear vehicles were 
precipitated into the river, while the remainder, from 
the fourth wagon from the rear, remained on the line ; 
the coupling, also, between the fourth (that with the 
broken axle) and the fifth wagon, became detached, and 
the train advanced in two portions for a distance of 
about 600 yards. 

On the Dist February a slight collision occurred on 
the Caledonian Railway at the Hamilton Station, where 
&@ passenger train overran the si s and struck a 
standing a about 50 yards within the signals. No 
person was hurt by the casualty, which arose from the 
carelessness of the driver of the passenger train in not 
stopping in time to keep outside of the si; 

A slight accident occurred on the 28rd February, upon 
the London and South-Western Railway, near Gunners- 
bury Station, on the Richmond branch of the railway. 
It arose from a train belonging to the Metropolitan Dis- 
trict Railway leaving the rails, with the exception of the 
last vehicle. Only the front "guard was slightly hurt, 
and the rolling stock and permanent way were somewhat 

damaged. The accident occurred at the junction of the 
lines from Turnham Green and Acton and Richmond and 
Kew Bridge, where the down line on which the train was 
running is curved to a radius of 33} chains, the super- 





er 





had been reduced by the — of the sleepers. Major- 
General Hutchinson recommended in his report that the 
check rails should be extended for a considerable distance 
on each side of the crossing, as it was not practicable to 
give the proper elevation to the rail at this point. 

The cause of this accident was very clearly the broken 
axle. The wagon to which it belonged was part of the 
North British stock, and was comparatively new, although 
the axle itself was more than fifteen years old and of a 
small and weak section. When found it was discovered 
to be fractured in three places, inside the boss on the 
left side, inside the boss on the right side, and between 
the centre and the left side, The first fracture was an 
old one, extending over two-thirds of the circumference, 

and was about jin. deep. In reporting on this accident 
Major Marinden lays stress on the importance of parapets 
to railway viaducts, pointing out that even so small and 
so weak a one as that in the structure over the Almond, 
was yet strong enough to prevent the train from going 
over when it first struck it, and had it been made of 
greater strength, the accident, considering the low speed 
of the train, might have been confined to a simple derail- 
ment. 

A collision occurred at the Dalston East Junction of 
the North London Railway, on the 3rd of March, between 
a passenger train of a tank engine and twelve vehicles 
standing at the junction signals and a passenger train of 
a tank engine and fourteen carriages running from Broad- 
street to Devon-road. At that part of the road the line 
is in cutting and on asharp curve, and between the down 
starting signal and the position of the tail of the standing 
train, which was going from Broad-street to Blackwall, 
the driver of the advancing train could not have had a 
clear view of more than 100 yards. Six passengers and 
the guard of the standing train were injured, and three 
of the vehicles were slightly damaged. In his report 
Major Hutchinson states that the cause of the collision 
was the omission on the part of the signalman at Dalston 
Station cabin to put his down starting signal to danger 
on the departure of the passenger train to Blackwall. 
This signal being off for the driver of the empty train as 
he approached it, he concluded that the line was clear up 
to Dalston East Junction, assuming that the distant sig- 
nal was at danger because the line was blocked beyond 
the junction. This driver had control of the Clark and 
Webb brake, with which his train was fitted, and could 
have avoided or mitigated the collision had he been keep- 
ing a sufficiently sharp look-out. 








THE STEAM YACHT “ ANTHRACITE.” 

On Wednesday, the 26th inst. the directors of the 
Perkins Engine Company visited a party of gentlemen 
to run down the Thames in the yacht Anthracite, 
which has had engines and boilers fitted according to 
Mr. Perkins’ plans. The Anthracite is a two-masted 
schooner of 70 tons gross, the principal dimensions being: 
length, 86.4 ft.; breadth, 16.1 ft.; and depth, 10.2 ft. 
The engines have a high-pressure ‘eylinder 8 in. in dia- 
meter, medium cylinder 16 in. in diameter, and a low- 
pressure cylinder 23 in. in diameter, the stroke being 
15in. The high pressure and intermediate cylinders 
are only single-acting, and the low-pressure cylinder is 
double-acting. The run from Erith to the Chapman |p 
light and back was made in about seven hours, the tide 
being against the vessel both up and down. The indi- 
cated horse power varied between about 90 and 110, and 
the revolutions between 133 and 150. The steam pres- 
sure was from 350 1b. to 370 Ib. per square inch with a very 
steady vacuum of between 25 in. and 26 in. We intend 
shortly to illustrate these ie very fully, since they 
embody, we believe, Mr. Perkins’ most recent improve- 
ments. The ship was built by Messrs. Tchlisinger, 
Davis and Co., Wallsend-on-Tyne, the boiler by Mr. 
Perkins, and the engines, which are a very fine job, by 
Messrs. Hawks, Crawshay, and Sons, of Gateshead-on- 


Tyne. 





BOILER EXPLOSIONS, 
To THE Ep1ror oF ENGINEERING. 

S1r,—The terrible boiler explosions continually occurring, 
and the awful loss of life these explosions involve, besides 
the pe —- < of human beings who are more or 
inj , and ought not to be endured 
in a Tae yp emer | ike ours. If these explosions 
were not preventible they would have to be endured, 
but happily such is not the case. 

Boiler ion is no security, but rather the reverse, 
by giving a confidence that is not warrarted. There are at 

resent a number of boilers at work almost inexplosible from 
the enormous pressure are made to stand—nearly 
2000 Ib. on the square inch—but should a boiler of this od 
scription by any means give way, it cannot do any harm to 
those in attendance, nor yet injure the building or shi where 
it may be fixed. I have three of these bollers ( — 
system) at work now, one driving a 200-horse power en e, 
another a 50-horse power engine, and a third a 25- 
—- engine ; one boiler has at work seven om, 8 
second three years, and the third one year, ae doing 
good service, and with a consumption of coal for ten hours 
work by the three boilers of 22 cwt. Steam users are slow 
to learn what is really for their own advantage: great 





emanates from themselves. 
the great obstructions which 


other causes are 
the way to every im- 


eae pr py and advance in mechanical ap) for the 
it of the human ay : : 
obedient servan 9 
cated W. FIntay. 


The Holmes, Betchworth, Surrey, May 17, 1880. 


Tron MAKING IN VIRGINIA.— Preparations now ons 
made along the line of the beers prs tert and Ohio Rail 
dicate great activity in some ey mow Be . Anaddi 
furnace is being erected at soialo; ¢ tap iamaeee 
Lowmoor, together with 100 coke ovens; Buffalo Ga: 
furnaces, 15 miles west of Staunton ; and at Ferroll an ol 
charcoal furnace is oe undergoing a io to ~— it 
to the use of coke. : of 

+ is sta’ 





capacity is also — at ost pines. 
moreover, that Estaline furnace will in all probability re- 
sume operations. 





THE INSTITUTION OF CrvIL ENGINEERS.—At the con- 
cluding meeting of this Society for the session of 1879-80, 
held on Tuesday, May 25th, Mr. W. H. Barlow, F.R.S., 
President, in the chair, it was announced that the Council 

recently transferred Messrs. Robert William Peregrine 
pe Oswald Brown, Thomas Charles Clarke, Robert 
oseph Hutton, B.A., and Michael Longridge, M.A., to 


ine i. aon of Mem ; and had admitted essrs. James 

Samuel Butler, Thompson Bernard Byers, J 

Henderson Dunsmure, Evan Davies Jones, William Thomas 
Mear, George Jobn Monson, Basil Munday, “ 

Joseph Edward Willcox, as students. The last 

the session resulted in the election of six Members, viz 

Messrs. John Samuel | Chorlton, Resident 

field Extension, L. and Y. Railwa es Robert ~ ee 

Ex. Eng., P.W.D., India; Thomas 5 aes Tydraw, 


Treherbert ; Alexander Ross, District Engineer, L. and N. 
W. Railway, Liverpool ; James Thorneloe Smith, eer 
in charge of railway —_ a" Tygwocen 3 
and John Tiffin Stewart, P ; of 
Associate Members, viz. bg Oeics Hamlet Casem. 
Stud. Inst. C.E., ‘Assistant Survey: 
Local Board ; Herbert Dorning, S Stud. Inst. C.E., Man- 
chester ; Bernard W: William Flatt, Stud. Inst. C.E., Imperial 
Central Bahia Railwa Brasil ; Thomas Perey loan A 
Stud. Inst. C.E., Chislehurst ; Woodman # 
Sydney Hownam- Meek, L. and Y Railway, gg” Hi ne 

en —= Oddie, Stud. ese: C.E., Assist. Eng. 
P.W.D., India; William Alfred Harry de Pape, Water 
Works ‘Engineer and Surveyor to ae Totten Local 
Board; Henry John Saunders, Stud. Inst. C.E., Brad- 
ford-on-Avon; Richard James Harris Saunders, Wal- 
wees sol He Raw > x Scott, _. Inst. 5 a 

righton ; and o eut.- George ward Lang! 
Somerset Sandford, R.E., Calcutta, as an Associate. 
During the rye there has been an effective increase of 


78 Members, 80 iate Members, 1 —- 1 Hono- 


Member, and 79 Students ; bri the number 
of those several classes to 1218, 1301, , and 663 re- 
spectively, or a gross total of 3783, and "representing an in- 


crease in the past twelve months at the rate of 5 per cent, 
Tue METEoRoLOGIcaL SocreTy.—The usual monthly 
a of this was held on Wednesday evening; 
the 19th inst., 2 rs nstitution of Civil Engineers, Mr, 
G. J. Symons, F a in thec Messrs. T. 
H. Edmonds, F. Alene H. Taylor, and T. Turner 
were elected Fellows of the Socisty. The fellowin ering pes 
were 1. ‘ Variations in the ag | 
the Louw. Atm a Me Strata in India,’’ my bene iE 
ouglas Archi M.A., F.M.S. 2. i A ketal of the 
s and Weather experienced in the North Atlantic 
a el latitudes 30 deg. and 50 deg. during Feb 
and March, 1880,” by Charles Harding, F.M.S. The peri 
embraced in this paper includes the time during which 
H.M.S. ‘Atalanta was on her homeward passage as she left 
ta, coll 


Bermuda on a 31st. From the ected it is 
shown that a gale blew in the Atlantic every day through- 
out the two nh oe exce = on February 21st and 24th 
to 27th. With es rence to H.M.S. Atalanta, 


it sy om probable that ro would not have met with 
any exceptionally severe ecg earlier than about 
the 12th or 13th of February, and allowing that she 
averaged from five to six per hour on her 
homeward course, she would at that date have inevi- 
tably encountered a severe hurricane. A heavy 
is noted on the 12th in 38 deg. north and 45 deg. west, 
which is in the direct homeward bound track from 
Bermuda, and if the Atalanta had only averaged four knots 
per hour on her homeward course she would have fallen in 
with this gale. The storm of the 12th and 13th ma; nad 


mouths here dealt with. It may be remark that ‘the 
Norwegian barque Caspaei was north of Bermuda on the 
8rd, and was in the full force of the gale on the 12th, her 
the winds were favourable fora 

The correspondence 
from H.M. + = in the ‘Times 6th 
of Caspar —— Oe of the ca) 


oats Se + dee 12th in lata 42 deg. 


min. a hile rnnning before 
e had ever 
Senthip teoekd poh chown es 
broaching to. She was thrown on her 
salah o> for nineteen hours, the 
her afloat. Beveuss says Wane, See 


less | be considered as about the most severe di 


commencement of the gale, and w to in i i on 

Seas ee uta Sa 
0: ir ‘or ear 

Pearson, F. M.S. Mr. D. gy Dy hibited his 

solar radiometer. 
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ON ELECTRIC LIGHTING.* 
(Second Paper.) 
By Dr. Jonn Hopkinson, F.B.S., of London. 

Dynamo-Electric Machines.—Since the date of the 
author’s former pepert in April, 1879, other observers have 
published the results of experiments similar to those de- 
scribed by him. It may be well to exhibit some of these 
results reduced to the form he has adopted, viz., a euree, 
such as that shown in Fig. 4 of the former paper, an 
now reproduced, with slight alterations, in Fig. 1. Here 
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any abscissa represents a current passing through the 
dynamo-electric machine, and the corresponding ordinate 
represents the electromotive force of the machine for a 
certain s of revolution, when that current is passin 
through it. It will be found (1) that with varying spe 
the ordinate, or electromotive force, corresponding to any 
abscissa or current, is proportional to the speed; (2) that 
the electromotive force does not increase indefinitely with 
increasing current, but that the curve approaches an 
asymptote ; (3) that the earlier part of the curve is, roughly 
speaking, a straight line, until the current attains a certain 
value, and that at that point the electromotive force has 
reached about two-thirds of its maximum value. When 
the current is such that the electromotive force is not more 
than two-thirds of its maximum, a very small change in the 
resistance with speed of engine constant, or in the speed of 
the engine with resi tant, causes a great change 
in the current. For this reason sach a current, which is 
the same for all speeds of revolution, since the curves for 
different speeds differ only in the scale of ordinates, may be 
called the “critical current’’ of the machine. The 
effect of a change of speed is exhibited in Fig. 1, where 
the lower line represents a curve for a speed of 650 revolu- 
tions per minute, instead of 720. The resistance, varying as 


electromotive force i, given by the slope of the line O P, 
current 

which must therefore be constant ; and it will be seen that 
this line cuts the upper curve at a point corresponding to a 
current of 15 webers, and the lower at a point correspond- 
ing to a current of 5 webers only. 

~~ Germany, Auerbach and Meyer (Wiedemann’s An- 
nalen, Noyv., 1879) have experimented fully on a Gramme 
machine at various speeds, and with various external re- 
sistances. ‘The resistance of the machine was 0.97 ohms. 
Their results are summarised in a Table at the end of their 
paper, which gives the current passing, with resistances in 
cirenit from 1.75 to 200 Siemens units, and at speeds from 
20 to 800 revolutions per minute. In the accompanying 
diagram, Fig. 2, curve No. 1, expresses the relation 
between electromotive force and current, us deduced 
from some of their observations; the points marked are 
plotted from their Table, making allowance, where neces- 
sary, for difference in s The curve, as actually con- 
structed, is for a speed of 800 revolutions: at this speed it 
will be seen that the maximum electromotive force is about 
76 volts ; the critical current, corresponding to a force of 
about 51 volts, is 6.5 webers, with a total resistance of 
7.8 ohms. Up to this point there will be great instability, 
exactly as was the case in the Siemens machine examined 
by the author, where the resistance was 4 ohms, and the 
speed 720 revolutions. 

The results of an elaborate series of experiments on 
certain dynamo-electric machines have recently been pre- 
sented to the Royal Society by Dr. Siemens. One of the 
machines examined was an ordinary medium-sized machine, 
substantially similar to that tried by the author in 1879. 
It is described as having 24 divisions of the commutator ; 
336 coils on the armature, with a resistance of 0.4014 
Siemens units ; and 512 coils on the magnets, with a re- 
sistance of 0.3065; making a total resistance of 0.7079 
Siemens units=0.6654 ohms. Curve No. 2, Fig. 2, 

ives the relation of electromotive force and current, re- 

uced to a of 700 revolutions per minute, the actual 
8 8 ranging from 450 to 800 revolutions. The maximum 

jectromotive force a to be probably 76 volts, and 
the critical current 15 webers : which is the same as in the 
author's first experiments on a similar machine. 

In the summer of 1879 the author. xamined a Siemens 
machine of the smallest size. This machine is generally 
sold as an exciter for their alternate carrent machine. It 
has an internal resistance of 0.74 ohms, of which 0.395 is in 
the armature or helix. The machine is marked to run at 
1130 revolutions per minute. The following Table gives, 
for a speed of 1000 revolutions, the total resistance, 
current, electromotive force, and horse power developed as 
current. The horse power expended was not determined. 

Curve No. 3, Fig. 2, gives as usual the relations of 
electromotive force and current. From this curve it will 
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gineers. 
t See ENGINEERING, vol. xxvii-, page 403. 





be seen that the critical current is 11.2 webers, and the 
maximum electromotive force, at the speed of 1000 revola- 
tions, is about 42 volts. The determinations for this ma- 
chine were made in exactly the same manner as in the 
experiments on the medium-sized machine, using the galva- 
nometer, but omitting the experiment with the calorimeter 
(compare Table, page 404, ENGINEERING, vol. xxvii.) 
Experiments on smallest-sized Siemens Dynamo- 
Electric Machine. 
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The time required to develop the current in a Gramme 
machine has been examined b ane (Wiedemann, June, 
1879). He established the following facts for the machine 
he examined. A reversed current, having an electromotive 
force of 0.9 Grove cells, sufficed to destroy the residual 
magnetism of the electro-magnets. If the residual magne- 
tism was as far as possible reduced, it took a much longer 
time to get up the current than when the machine was in 
its usual state. A longer time was required to get up the 
current when the external resistance was great, than when 
it was small. With ordinary resistance the current re- 
quired from } second to 1 second to attain its maximum. 

Brightness of the Electric Arc.—The measurement of 
the light emitted by an electric arc presents certain peculiar 
difficulties. The light itself is of a different colour from 
that of a standard candle, in terms of which it is usual to 
express luminous intensities. The statement, without 
qualification, that a certain electric lamp and machine give 
a light of a specified number of candles, is therefore want- 
ing in definite meaning. A red light cannot with propriety 
be said to be any particular multiple of a green light ; nor 
can one light, which is a mixture of colours, be said with 
strictness to be a multiple of another, unless the proportions 
of the colours in the two cases are the same. Captain 
Abney (Proceedings of the Royal Society, March, 1878) has 
given the results of measurements of the red, blue, and 
actinic light of electric arcs, in terms of the red, blue, and 
actinic light of a standard candle. The faci that the 
electric light is a very different mixture of rays from the 
light of gas or of a candle, has long been known, but has 
been ignored in statements intended for practical purposes. 

Again, the emission of rays from the heated carbons and 
arc is by no means the same in all directions. Determina- 
tions have been made in Paris of the intensity in different 
directions, in particular cases. If the measurement is 
made in a horizontal direction, a very small obliquity in the 
crater of the positive carbon will throw the light much 
more on one side than on the other, causing great dis- 
cordance in the results obtained. 

If the electric light be compared directly with a standard 
candle, a dark chamber of great length is needed—a con- 
venience not always attainable. In the experiments made 
at the South Foreland by Dr. Tyndall and Mr. Douglass, 
an intermediate standard was employed ; the electric light 
was measured in terms of a large oil lamp, and this latter 
was frequently compared with a standard candle. 

Other engagements have prevented the author from fairly 
attacking these difficulties ; but since May, 1879, he has 
had in occasional use a photometer with which powerful 
lights can be measured in moderate space. This photo- 
meter is shown in Fig. 3, and an enlargement of the field 
piece in Fig. 4. A lens A, of short focus, forms an image 








does it do so, that observations may be made in broad day- 
light on any source of light, if a dark screen be placed be- 
hind it. The long box DD, Fig. 3, of about 7 ft. length, 
is lined with velyet—the old-fashioned dull velvet—not that 
now sold with a finish, which reflects a great deal of the 
light incident at a certain angle. This box servesas a dark . 
chamber, in which the intensity of the image formed by the 
lens is compared with a standard light, by means of an 
ra Bunsen’s photometer E, sliding on a graduated 


Mr. Dallmeyer kindly had the lens made for the author : 
he can therefore rely upon the accuracy of its curvature 
and thickness ; it is plano-convex, the convex side being 
towards the source of light. The curvature is exactly 1 in. 
radius and the thickness is 0.04in. ; it is made of Chance’s 
hard crown glass, of which the refractive index for the D 
line in the spectrum is 1.517. The focal length f is there- 
fore 1.933 in. 

Let wu denote the distance of the source of light from the 
curved surface of the lens, and v the distance of the image 
of the source B from the posterior focal plane. Neglecting 
for the moment loss by reflection at the surface of the glass, 

2 
the intensity of the source is reduced by the factor ( = ) . 
u 
But i + i me | > 
v u f 
is —) 2, Theeffect of absorption in so small a thick- 
pouee 
ness of very pure glass may be neglected ; but the reflection 
at the surfaces will cause a loss of 8.3 per cent., which 
must be allowed for. This percentage is calculated from 
Fresnel’s formule, which are certainly accurate for glasses 
of moderate refrangibility, and for moderate angles of 
incidence. 

Suppose, for example, it is required to measure a light of 
8000 candles ; if it be placed at a distance of 40 in., it will 
be reduced in the ratio 467 to 1, and becomes a conveniently 
measurable oer. By transmitting through coloured 
glasses both the light from an electric lamp and that from 
the standard, a rough comparison may be made of the red 
or green in the electric light with the red or green in the 
standard. 

A dispersive photometer, in which a lens is used ina 
somewhat similar manner, is described in Stevenson’s 
‘* Lighthouse Illumination ;”’ but in that case the lens is 
not used in combination with a Bunsen’s photometer, nor 
with any standard light. Messrs. Ayrton and Perry de- 
scribed a dispersive photometer with a concave lens at the 
meeting of the Physical Society on December 13, 1879 
(Proc. of the Physical Society, vol. iii., p. 184). The conyex 
lens possesses, however, an obvious advantage in having a 
real focus, at which a diaphragm to cut off stray light may 
be placed. 

ficiency of the Electric Arc.—To define the electrical 
condition of an electric arc, two quantities must be 
stated—the current passing, and the difference of electric 
potential at the ends of the two carbons. Instead of 
either one of these, we may, if we please, state the ratio 
difference of potential 4 call it the resistance of the arc, 

current 

that is to say, the resistance which would replace the arc 
without changing the current. But such a use of the term 
electric resistance is unscientific ; for Ohm’s law, on which 
the definition of electric resistance rests, is quite untrue of 
the electric arc ; and on the other hand, for a given ma- 
terial of the electrodes, a given distance between them, and 
a given atmospheric pr , the difference of potential on 
the two sides of the arc is approximately constant. The 
product of the difference of potential and the current is of 
course equal to the work developed in the arc; and this, 
divided by the work expended in driving the machine, may 
be considered as the efficiency of the whole combination. It 
isa very easy matter to measure these quantities. The 
difference of potential on the two sides of the are may be 
measured by the method given by the author in his previous 
paper, by an electrometer, or in other ways. The current 
may be measured by an Obach’s galvanometer, by a suitable 


or vat hence the factor of reduction 
ani 














at B of the ypease source of light which it is desired to 
examine. The intensity of the light from this image will 
be less than that of the actual source by a calculable 
amount ; and when the distance of the lens from the <— 
is suitable, the reduction is such that the reduced light 
comes comparable with a candle or a carcel lamp. Dia- 
hragms CC are arranged in the cell which contains the 
ens, to cut off stray light. One of these is placed at the 
focus of the lens, and a small rture. Itis easy to 
see that this diaphragm will cut off all light entering from 
a direction other than that of the source ; so effectually 





electro-dynamometer, or best of all, in the author’s opinion, 
by passing the whole current, on its way to the arc, through 
a very small known resistance, which may be regarded as a 
shunt for a galvanometer of very high resistance, or to the 
circuit of which a very high resistance has been added. 

It ap s that with the ordinary carbons and at ordinary 
etal pressure no arc can exist with a less difference 
of potential than about 20 volts; and that in ordinary 
work, with an arc about } in. long, the difference of potential 
is from 30 to 50 volts. Assuming the former result, about 
20 volts, for the difference of potential, the use of the curve 
of electromotive forces may be illustrated by determining 
the lowest speed at whicha given machine can run, and yet 
be capable of producing a short arc. Taking O as the 
origin of co-ordinates, Fig- 5, set off upon the axis of ordi- 
nates the distance O A equal to 20 volts; draw A B to in- 
tersect at B the negative prolongation of the axis of 


abscisse, so that the ratio oe may represent the necessary 


metallic resistance of the circuit. Through the point B, 
thus obtained, draw a tangent to the curve, touching it at 
C, and cutting OA in D. Then the speed of the machine, 
corresponding to the pa curve employed, must be 
diminished in the ratio OD, in order that an exceedingly 
small arc may be just possible. 
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The curve may also be employed to put into a somewhat 
different form the ion given by Dr. Siemens at the 
Royal Society, pos mn | the occasional instability of the 
electric light as prod ppt dynamo-electric ma- 
chi nes. e operation of all ordinary 
the carbons when the current is 
amount, and to close them when it is less ; initi the 
carbons are in contact. ugh the origin O, Fig. 6, 
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draw the straight line O A, inclined at the angle represent- 
ing the resistances of the circuit other than the arc, and 
meeting the curve at A. The abscissa of the point A re- 
— the current which will pass if the lamp be prevented 
rom operating. Let ON represent the current to whic 
the lamp is adjusted; then if the abscissa of A be greater 
than ON, the carbons will part. Through N draw the 
ordinate BN, meeting the curve in the point B; and 

el to O A draw a tangent ED, touching the curve at 

. Ifthe point B is to the right of D, or further from the 
origin, the are will persist ; but if B is to the left of D, or 
nearer to the origin, the carbons will go on parting, till the 
current suddenly fails and the light goes out. If B, 
although to the right of D, is very near to it, a very small 
reduction in the speed of the machine will suffice to ex- 
tinguish the light. Dr. Siemens gives greater stability to 
the light by exciting the electro-magnets of the machine 
by a shunt circuit, instead of by the whole current. 

The success of burning more than one regulating lamp 
in series depends on the use in the regulator of an electro- 
magnet, excited by a high-resistance wire connecting the 
two opposed carbons. The force of this magnet will de- 

d upon the difference of potential in the arc, instead of 
Scbiinn: as in the ordi 
ing. Such a shunt magnet has been employed in a variety 
of ways. The author;has it as an attachment to 
an ordinary regulator; the shunt magnet actuates a key, 
which short circuits the et of the lamp when the 
carbons are too far parted, and so causes them to close. 

In conclusion the author ventures to remind engineers 
of the following rule for determining the efficiency of 4 
system of electric lighting in which the electric arc is used, 
the arc being neither exceptionally long nor exceptionally 
short. Measure the difference of potential of the arc, and 
also the current passing through it, in volts and webers 
respectively ; then the product of these quantities, divided 
b 746, is the horse power developed in that arc. It is 
then known that the difference between the horse power 
developed in the arc and the horse power expended to drive 
the machine must be absolately wasted, and has been ex- 
pended in heating either the iron of the machine or the 
copper conducting wires. 


IRON AND STEEL AT HIGH 
TEMPERATURES. 
On some Physical Changes occurring in Iron and Steel 
at High Temperatures.* 
By Mr. THomas WricutTson, Memb. I.C.E., &., 
Stockton-on-Tees. 
(Second Paper). 
remarks have reference to the third part 
of my paper at the Liverpool Meeting of the Institute 
last September, the subject of which was ‘‘ The Changes of 
Volume in Cast Iron when Passing from the Solid to the 
Liquid State.’”’+ Much has'been written upon this subject, 
various views have been held. One of the latest and most 
authoritative papers is a communication presented to the 
Royal Society in 1874, ‘“‘On the Alleged Expansion in Volume 
of Veslun Substances in 7 by eration from the 
State of Liquid Fusion to that of Solidification,” by Robert 
Mallet, F.R.S. 

The author first alludes to the well-known property of 
water expanding in becoming ice. Between its maximum 
density at about 39 deg. and its freezing point at 32 deg., it 
ex s in the large ratio of 915 : 1000 (9.3 per cent.). _ 

tanding, then, alone amongst observed phenomena in 

nature, it seems. to have to many Lao gg mer 

the question whether other bodies when liq by heat 

ht not also expand in the process of becoming solid by 

ion. The fact of expansion has been all or 

inferred with respect to the following substances 
by = authorities named : 





Tue followi 


eee ove Persoz 


Mercury and gold as inferred by Nasmnyth _ 
r 

Tron and furnace slags experiment of Heuntér 
and Snelus, as quoted Rf antes and Carpenter 
Cast iron, bismuth, and antimony ... Reaumer 


* Paper read before the Iron and Steel Institute. 
t+ See ENGINEERING, vol. xxviii., pp. 283, 309, and 329. 





regulators is to 
po ag enya th 


h | is 0000052 for 1 deg. Fahr., he finds that 


lamp, upon the current pass- | 8% 





Of all this list, Mr. 3 
statement with regard th, and this not on his own 
observation, but upon the positive assurance of Professor 
my He then goes on to say, ‘“‘ With respect to all 

salisuas is sappues of Teo allagel Sart of expences ep 
6 ce in su} of expansion 
refrigeration is illusory and insufficient, and to offer with 
respect to cast iron, and also with t to iron furnace 
slags, imental proof of the untruth of the statement.” 
Mr. Mallet. pr to quote several authors who have 
stated that these substances do expand in cooling, and states 
that the inferences have been entirely founded on the 
observation of the solid substance floating on the liquid. 
Upon these observations he throws doubt, and then goes on 
to say that ‘‘ the object of the present communication is to 
show that, as aa s the two most important of the sub- 
stances adduced by these authors, viz., cast iron and iron 
furnace slag, the facts entirely fail in support of their 
theory.”’ 

Mr, Mallet then seeks to determine the actual specific 

vity of molten cast iron. The method adopted was as 
follows : The exact capacity of a circular v of wrought 
iron, }in. thick, was obtained at ordinary atmospheric 
temperature. It was then filled with molten iror, fresh 
additions of iron being oy as the expansion of the 
vessel by heat lowered the level of the molten iron at ths 
n hen the vessel ceased to e d, the operation 
was stopped and the vessel and its contents allo to cool 
for three days. The wrought-iron case was then cut off and 
the cast iron found to weigh (after allowing corrections for 
some cavities) 647.18 lb. e then calculates what the 
capacity of the vessel must have been when at its highest 
temperature. The whole range of temperature he assumes 
to be 2400 deg. Fahr., and ing Rinmann’s determination 
of the coefficient of linear dilatation in wrought iron, which 
the capacity of 
the vessel when expanded to its limit should be 2691.77 
cubic inches. As the molten iron occupying this space 
weighed, as above shown, 647.18 lb., the specific gravity of 
the molten iron works out to 6.65. 

Mr. Mallet, on taking the actual specific gravity of a 
sample piece cut out of the solid cold iron at a mean posi- 
tion, found the same to be 7.17. 

From this and some other considerations, ‘‘ the author 
feels himself justified in concluding that it is not true that 
~.4 cast iron is denser in the fused than in the solid 
8 ve 

Cold cast iron, he therefore contends, does not float upon 
liquid cast iron of the same quality by reason of| its 
buoyancy, but in virtue of some other force. 

** What is the nature of the force which produces this 
curious phenomenon, and often in direct opposition to 
gravity, is a different anda much more delicate and difficult 
7 which he must leave to physicists to fully investi- 


The author proceeds to speculate as to the nature of the 
repellent force, which he supposes to act in producing 
flotation, and he argues from some experiments fully 
detailed in the paper that it is proportionate to some func- 
tion of the effective surface in contact with the metal. He 
adds that ‘‘ there are some facts of which no complete ex- 
planation can be offered without further experimental 
study; such, for example, as that a piece of cold cast 

















Meliss oni eneui She Svat of the An 
to bismuth, i 


such an excellent non-conductor tha 
experiment were never more than hand-warm, 
e ion imperceptible.* 
horizontal insertion of 
a vertical rise of yo in., due to the taper 
that great accuracy was obtained by this mode of measure- 
ment. The gauges A and B were read 
and, as they were placed at points equidistant 
centre of the sphere, their mean reading showed the exact 


rise at the centre of the ball. 

The metal was a mixture of equal parts of No. 3 and 
No. 4 foun Cleveland iron. It was tapped into a l-ton 
ladle at 10.45 a.m. 

The following Table shows the progress of expansion and 

contraction: 
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Before running metal ... 
Metal tapped into ladle 

Mould run vd si ove 
Finished running S 
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Top of mould taken off... 











From 10.53 to 11.17 we have an expansion of diameter 
equal to 1.985 in.—1,907 in., or .078 in. 

The top of the mould was taken off at 11.30, with the in- 
tention of getting the ball out of the mould, but in a few 
minutes it was replaced, as there were indications that the 
interior was not co ted sufficiently. The top was 
then raised 2in. every quarter of an hour, and calipan 
applied at the same points on the surface of the sphere. 
The callipers were at each measurement read off by Spoly- 
ing them to a frame gauge tapered to an inclination of 1 in 
20, so that jin. horizontal motion of the callipers on the 
gange indicated in. in diameter. 

The following Table gives the readings : 




















iron. which floats on liquid iron of its own quality, if forcibl 
thrust to the bottom and rapidly and at once rel 4 Time. Diameter of 
rises again rapidly to the surface with all the appearance . Sphere. 
of a buoyant y; which it certainly cannot be. 
In the whole of the paper ref to, there underlies the in. 
assumption that dilatation is continuous from the solid to 11.45 a.m. 15.4 
the liquid state, andas Mr. Mallet’s experiment shows that 12.0 noon 15.4 
the specific gravity of the liquid is lower than that of the 12.15 p.m. 15.4 
solid, he concludes that the theory of buoyancy cannot 12.30 ,, 15.4 
account for the floating of cast iron on molten iron. The 12.45 ,, 15.4 
whole mystery, however, disappears if the ion of aa és 15.4 
solid iron can be shown to change to a contraction at the ae os 15.4 
time the metal becomes liquid. The diagrams _ by | Ball taken out of mould entirely} 2.15 ,, 15.4 
my instrument appear ee to show this reversal 2.30 ,, 15.4 
of the effect of heat, but in face of the opinion of so high an 245 ,, 15,38 
authority and so distinguished an o' as Mr. § , 15.36 
I determined to make an experiment from the other end of 3.15 ,, 15.34 
the process, and to measure the successive changes in 3.30 ,, 15,32 
volume of a casting as it gradually cooled. 3.45 ,, 15.3 
E. iment made 20, 1879.—A spherical 40. 9 15.3 
mould was made of dried loam, the internal diameter when 4.15 ,, 15.28 
dried being 15.28 in.; the mould was of a section as 5.0 ,, 15.28 
shown : GS. 4 15.26 
) 15,24 
7.0 a.m. 15.22 
Dec. 21, 1879 
11.30 a.m. 15.22 
From the foregoing it will be seen that the liquid ball in 
tin oes —— in eter oon roa ator tay 1 in., 4 
-51 per cent. lineally, w! equivalent to an 
volume of 1.53 per e » in contracting from its 
from 15-4in, to 1622 in, or 117 per cent, lineally, which 
.4in. + or 1.17 per cent. wi 
is equivalent to 3.51 per cent. in volume. In running this 
ball the mould was rely filled, and no feeding was after- 
» as I to see the amount of cavity 
which would be left at the top of the mould. 
The object of the experiment was to ascertain whether any (To be continued.) 
ee expansion occurred a solid sphere was 


As the ball could not be taken out for half an hour or 
more from the time of casting, ollowing arrangement 
wan moto ts meatate the hanes 





Tue Evscrric Lieut 1n AusTRria.—The printing offices 
of the Neue Freie Presse at Vienna are now lighted with 
Siemens’ divided electric lamps. 





* The expansion in the dried loam, between the top of the 
bland ike under sls of the top plato fs darogarded, the 
thickness being only 13 in., and the expansion — 
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FOREIGN AND COLONIAL NOTES. 

South African Railways. —The opening of the Middleton 
and Cookhouse section of the North-Eastern Railway of 
British South Africa has just taken place. The line is in 
capital order as far as Middleton ; beyond there the travelling 
is rough. It will be some weeks before the new section is 
fit for. ger traffic. It is only fair, however, to Messrs. 
Faviell to fy ee serene, Daate etee Sere aot _ 
the state of the permanent wa: iddleton. Cook- 
house is 127 miles from Port Pligabeth. 

Iron Making in Japan.—Professor Lyman, an energetic 
geologist in charge of the geological survey of Japan, —_ 
in a recent report, an interesting and hy account of 
the primitive methods used in Ja to produce both pig 
iron ones pom ironsan ne pan fom is aay a we b 
cutti own the grani ae it up by an 
west it, or the river sand is washed, or the ore is taken 
from alluvial ground. The ore from such alluvium is reddish 
and more fusible than the other kinds, — no doubt, to 
its long exposure to er influences. e@ ore washed 
from the rock is next in fusibility, and the ore separated 
from river sand is the least fusible, probably owing to its 
being protected by water from the air, or because its 
weathered surface has been continually worn off. The 


difficult fusibility is very likely due in to the presence 
of titanium. Most of the ore used at Amegawa is brought 
on horseback from various over two es distant ; 
but it is washed again at furnace and reduced to half 


its weight. Some ore, however, is washed on the hillside, 
close by the Amegawa furnace, in the winter months; 
but the rock there is reckoned in general of inferior 
quality, though some parts are pretty . Mr. Lyman 
estimates that the amount of ore washed out of the rock is 
about one-half of 1 per cent. of its entire weight. 

New Zealand Railways.—Attempts are being made to 
enforce a more economical system of railway working in 
the North Island of New Zealand. The mil in the 
Napier dnd Wanganui and Wellington districts 
considerable reduced. In these districts, as in the South 
Island, the traffic has fallen off. In Auckland the con- 
trary is the case. The p m of working expenses on 
the Auckland line is now per cent., while last year it 
was something like 20 per cent. higher. This i 
state of things is owing to the ; age 
increase of traffic. This is exceedingly gratifying, and 

hate $0 to Saat that a. stendy_prcamsee ng made in 
Pre t trade of the of A in the cultivation and 
Waikota and the districts lying between 
i i In # short time, the 


been | 339.000 tons of steel of all kinds were made in 1879, an in- 


ted to have any of the passenger traffic 
d and the Mount Albert onl .Whau 


it cannot be e: 
between Auc 
districts. 


_ Arlberg Railway.—The Austrian Government is ae. 
ing for the construction of the Arlberg Railway. Five 
— are allowed for the completion of the mountain 
section. 


The Panama Canal.--Mr. Robertson, of Louisiana, 
claims to haye discovered the true aim of M. de Lesseps 
and his fellow schemers, and has invoked the aid of the 
United States Congress against their oomigne by introducing 
the following resolution: ‘‘ Whereas the warm stream 
of the Atlantic, before entering the Gulf of Mexico, strikes 
against the eastern shore of the Isthmus of Panama, and 
would continue to the Pacific but for the existenca of that 
narrow barrier; and whereas, after leaving the Gulf it 
flows across the Atlantic t the coast of Great Britain, 
creating the temperate climate of that country, which 
otherwise would have the cold climate of Labrador; and 
whereas it is an admitted scientific fact that a tide-level 
canal of sufficient width across Panama would change the 
course of the Galf Stream, and thereby freeze out an 
English-speaking nation; and whereas the United States 
would thereby lose its chief foreign market, which loss 
would not be counterbalanced by the new markets opened 
by an interoceanic canal; therefore resolved, that we em- 
phatically re-affirm the Monroe doctrine, and that we will 

ring it to bear against the inhuman designs of France in 
thus attempting to destroy her chief European rival, and 
injure the commerce of the United States.’’ 


Tron and Steel in France.—In 1879 the blast furnaces 
of France turned out 1,344,759 tons of pig iron, a falling 
off, as compared with the preceding year, of 72,314 tons. 
There was an increase, however, in the quantity of rolled 
iron manufactured, the figures being 768,335 and 838,706 
tons respectively. The production of iron rails declined 
from 125,000 tons in 1 to 43,000 tons in 1879. About 


crease of 57,609 tons, when compared with the previous 
year. This increase was due mainly to the Bessemer and 
open-hearth works, which turned ont last year 314,691 
tons, other kinds of steel exhibiting a decline of 24,718 
tons. French railway companies bought their whole sup- 
$4 rails from home manufacturers, the amounts being 
,435 tons of steel rails, and 27,604 tons of iron rails. 


Well-Boring Saeiey- —The South Australian Go- 
vernment recently received from New York a consignment 
of diamond drill- boring apparatus with appurtenances com- 
plete. These machines were imported chiefly for the pur- 
pose of well sinking in the dry districts of South Australia, 








and from the test trials which have been made it is believed 


that it will prove of great advantage to waterless districts. 
A public trial of the diamond drill was made at Port 
Adelaide, in February, a piece of the hardest quartzite 
stone obtainable being operated upon. The drill was driven 
at a speed of about 300 strokes per minute, and the close- 
grained quartzite was cut through at the rate of 4 in. per 
minute, 

Steel Rails on the Panama Railroad.—During 1879, 13 
miles of new steel rails were laid on the Panama Rai > 
leaving 11 miles of the old iron to be taken up. All the 
steel rails and yo to replace these are on the ground, 
and the work is being carried on. A further small ship- 
ment of steel is now on its way from England with which 
to relay the yards at Panama and Aspinw The old iron 
was disposed of at 45 dols. per ton, more than enough to 
Bey for the steel, after deducting freight to New York, 

uties, and all expeases. 

American Locomotive Building.—The Pennsylvania 
Railroad shops at present have some 90 engines in 
various stages of construction, and all the other lead- 
ing American lines are constantly adding to their 
equipment. Among the most recent orders are 30 loco- 
motives for the Texas Pacific Railroad, equally divided 
between the Danforth, Schenectady, and Pittsburgh loco- 
motive works, besides twelve standard gauge locomotives 
ordered at the works last mentioned, for the Atlantic and 
Great Western Railroad. Thirteen new engines are building 
at the Michigan Central Locomotive Works, in addition to 
four powerfal engines for fast passenger trains. There 
are also seven 35-ton passenger engines under way at the 
Altoona shops. Four of twelve locomotives ordered from 
the Schenectady Locomotive Works for use on the Southern 
Pacific Railroad have arrived at Sacramento, and are being 
put in running order at the railroad shops in that city. 

Spain and the United States.—For eighteen months 

ast, two steamers, the Castilla and the Vidal Sala, have 

n sailing under the Spanish flag from New York direct 
to Barcelona, and it is probable that in an early future a 
regular steamship line will be established between the two 

laces. The vessels are owned by Spaniards residing in 
Hesesiean. 

Austrian Railway Progress.—Only 94 miles of new rail- 
way were opened in 1879 in the Austro-Hungarian empire. 
At the close of 1879, the empire had 11,348 miles of rail- 
way in operation. The increase in 1879 was the smallest 
for fourteen years. The flush times of railway building in 
Austria were from 1868 to 1873. During these six years 
5736 miles were opened, while in 1871, and also in 1872, 
1322 miles were built. In the six years since 1873 the total 
extent of line built has been but 1790 miles. Austria is 
still not by any means well provided with railways. 
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THE SPITZBERG TUNNEL. 
(Continued from page 395.) 

BeErorE passing on to the “consideration of the 
timbering the headings and tunnel, we may add a 
few more details as to the cost of pumping, ventilat- 
ing, and transporting excavated materials. With re- 
gard to the latter point, it may be mentioned that 
the #rerage distance through which the excavations 
had to be transported was 2600 ft. for trucks »ass- 
ing through either entrance, and for those hoisted 
up the shafts, 295 ft., the height of the latter being 
416 ft. 





will be best understood by reference to Figs. 17 to 23 
(see two-page plate in our issue of May7). Timbers 
12} in. square were firmly driven against the narrower 
sides of the shaft ; on the top of these was then placed 
a rectangular frame, also of 12} in. timbers, and to 
stay the longer sides of the rectangle and divide the 
shaft up into the pumping and footway shaft, the two 
hoisting shafts and the working shaft, three sets of 
struts of 19 in. square were built parallel to each 
other, see Figs. 17 and 19. To these struts the vertical 

ides for the cage were also secured. The vertical 
Sunante, apart of these frames varied according to 





Details of Pumping and Ventilating Tunnel, and 
Transporting Materials. 





| Per Cubic. Yard Transported from Tunnel. 





_ | 











| Throagh the | Hauled up For Sinking 
Entrance. Shafts. the Shafts, 

Trucks, &c. ies < 0.75 trucks | 2.62 trollies 9 baskets 
Water pumped, in asi 
ifnting shitis tg 0.56 0.6 
Engineers’ shifts ...| ai 0.0075 0.052 
a | | (OMB. | Cmts 0.06 
Eng.-drivers’ shifts} a | 0.08 0.21 
Stokers’ shifts a | 0.03 0.21 
Attendant at the) 4 

pumps’ shifts ...| des | 0.0075 0.105 
Joiners’ shifts oes 0.0075 | 0.0075 0.0025 
Watchman’s shifts... os 0.015 0.105 
Horses’ shifts w+} 0.023 
Coals for boilers, Ib.| z | 110 420 
Oil for tunnel, e 0.33 0.24 

Petroleum for light-| 

ing eng.-house, Ib. ose 0.099 0.66 
Lubricating oils ne | 0.0165 = 0.24 
Repairs to buckets 

and trollies, in pence, 0.554. 0.754. 1.154. 





Although the rock traversed by the Spitzberg 
Tunnel was in most places firm, it was n to 
timber considerable lengths of it, both in the head- 
ings and the enlarged sections. A system of crown 
beam timbering was most usually adopted, and a 
length of 403 {t. was placed in the lower heading, 
200 ft. of which were situated outzide the entrance 
at the north end, where the rock was much disin- 
tegrated, and 425 ft. were timbered in the upper head. 
ing, 328 ft. being outside the north entrance. Most 
of the timber employed was round, from 1] in. to 
13 in, in diameter, and the planking was 2} in. thick. 
In consequence of the pumping arrangements in 
the two vertical shafts, both had to be timbered 


throughout, and especially the first 130 ft. at the 
top required ially heavy work. 
The mode of timbering employed for the shafts 








part of the contract made with the miners for the 
removal of material, When driving the tunnel 
from shaft No. 1 towards the north end, and on 
reaching the limestone formations, timbering be- 
came necessary, and the so-called rafter system 
was settled upon for this section, partly for the 
reason that shorter timber could be used than in the 
crown beam timbering; ly because it was ex- 

ted that a saving would result from this system 
in this part of the tunnel, These results were ob- 
tained as long as only two rafters resting on the 
walls of the tunnel with a strut between them were 
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the nature of the ground, and wherever necessary 
planking outside the framing was used. 

In the tunnel, timbering -was only necessary for 
comparatively short lengths ; the system usually em- 
ployed was the same as that for the headings, and is 
illustrated by Figs. 32 to 42 (see page 430); the 
heaviest work of this kind was at the north end. The 
mode of progress was as follows: Two roof beams 
were built in the crown of the upper heading and sup- 
ported by uprights; the sides of this —-s g were 
then broken away tilltwo more roof beams could be 
added on each side as shown in Fig. 35, all the 
struts being mortised into a crossbeam. ‘The same 
method was continued for the rest of the crown 
beams, the floor of the heading being by these 
means gradually lowered till finally a permanent 
beam was built in just above the roof of the lower 
heading, and from this more vertical supports were 
added, Where the top beams required additional 
support, holes were cut down to the floor level of the 
lower heading, and verticals were introduced to sup- 

ort a horizontal timber placed under the crown 
ms; from this timber the rest of the crown 
beams were then stayed as shown in Fig. 40. After 
the roof timbering was finally supported from the 
floor of the tunnel, the material still remaining be- 
tween the verticals was cleared away and the tunnel 
section was completed. As the work advanced the 
pressure from above diminished considerably, and 
at a distance of about 200 ft. from the entrance it 
had completely ceased, and the timbering was 
partially dispensed with, it being necessary only 
where the rock was loose or disintegrated, and in 
such places the introduction of afew roof beams, 
and occasionally close timbers between, was quite 
sufficient to meet all the requirements of the work. 

The annexed Table shows the quantity of ma- 
terials used in timbering, per yard forward of full 
tunnel section, and also for 
removed ; the time occupied in fixing the timberin 





could not be obtained for the headings, as it form 


cubic yard of rock | tages 





























Materials used in Timbering. 














Quantities Used 
Nature of Materials. 2 2 
Tunbering. i 2 
el EI 
oF 
Ae 
g= | Ee 
Heavy _ timbering,|Round timber varying from) cub, ft. | cub. ft, 
with twelve crown] 153 in. to 8in. we see| 108.5 141 
beams 
Narrow lining planks 2in.| sq. ft, | sq. ft. 
ee ee eee 1.78 
Ib. Ib. 
Iron fastenings ... os] 18,01 165 
Medium timbering/Round timber, 8in. to} cub. ft, | oub. ft. 
with nine crown] l5jindiameter ...  .,./ 67.1 1.20 
new N li lanks, 2in ft f 
arrow lining planks, 2in.| sq. . ft. 
thick.,,, mr ooo see 69.20 Ss 
Ib, Ib. 
Iron fastenings ... ...| 8.49 0.11 
Light timbering .../Round timber, 11§ in. to/cub.met.jcub.met. 
in..,, ooo -“ vr 85 0.49 
Li lanks 98 “N36 
Tb. Ib. 
Iron fastenings .., oe) 64.85 0.064 
Mediam rafter tim-|Round timber, 133 in. to} cub. ft. | cub. ft. 
bering Bik... a. 0 cel ee ee 
aq. ft. | sq.ft. 
Lining planks ooo | oe :y “ 
Iron fastenings ... «| 10.91 0.14 
Light rafter timber-|Round timber, 133 in.to 8in.| cub. ft. | cub. ft. 
ing in diameter oes + | 48.38 0.64 
. ft. | aq. ft, 
Planks for lining ,,, 9.6 0.39 
Ib, Ib. 
Iron fastenings 6.06 0.08 














sufficient, as shown in Fig. 44, but the occurrence 
of loose rock involved a more complicated system of 
struts and diagonals, intermediate horizontal beams 
and strong uprights were required to support tho 
roof (see Fig. 46). Under these conditions, advan- 
otherwise obtained did not hold good, and the 
use of crown beams was found more advan’ 


particularly since the rafter system did not ailow of 











428 


ENGINEERING. 


[June 4, 1880. 





the brick lining being proceeded with until the rafters 
had been cut out. e mode of progress will be 
readily understood by reference to Fig. 43. After 
enlarging the upper heading, horizontal pieces of 
timber were built iv, carried by temporary longi- 
tudinals supported by uprights, as shown in Figs. 
44 and 45. The sides were then cut away till the 
upper part of the tunnel was reached and the rafters 
were fixed in position, as shown in Fig. 44, until 
the sides were removed to the floor level of the 
tunnel ; horizontal bearers and struts had then to be 
used to carry the ends of the rafters. In several 
places this simple system of staying was not suffi- 
cient, and additional vertical posts and longitudinal 
beams had to be used, as shown in Figs, 46 and 47. 

In some places the nature of the rock rendered the 
lining of the roof unnecessary. In other parts, _— 
cularly in passing through the limestone, it was found 
that lining was unavoidable, and great trouble and ex- 
pense were incurred by having to enlarge the tunnel 
section where it had been previously timbered. In 
such cases a new heading was driven above the old 
timbering and crown beam timbering employed, as 
shown in Fig. 46. To avoid dangerous loosening of 
rock and injury to the timbering, all enlargements 
of this nature were made with gunpowder instead of 
dynamite. 

(To be continued). 








CANADIAN RAILWAYS.—No. XXXV. 
Great WESTERN OF CANADA.—V. 

Tue city of London, the “ Forest City,” asso- 
ciated till lately in the r nds even of Canadians with 
isolated clearings, the uaunt of the beaver and the 
Redman, presents more noticeable features, and 
affords more room for remark than perhaps any place 
of equal size and age in America, and if the progress 
of the place is as marked in the future as it has 
been in the past, there is no town to which London 
the Great in England might be less ashamed to 
stand godfather than London the Little in Canada. 
The whole of this district, the valley of the Thames, 
together with the rich alluvial flats which extend 
from it northward and southward, embracing nearly 
the whole area between Lakes St, Clair and Erie, is 
remarkable for its great fertility. The soil is gene- 
rally clay with a deep covering of rich vegetable 
mould ; and in its natural state, its luxuriant forest 
growth of oak, elm, black walnut, and whitewood, 
together with fine groves of the sugar-maple, all 
large and valuable trees, was unequalled in any part 
of America. It was the haunt of a great number 
of fur-bearing animals, and was a favourite hunting- 

ound of the native tribes, branches of the great 
amily of the Hurons, and their encampment or 
village was at the forks of the two branches of the 
river surrounding the place where the court-house 
now stands. Selected over thirty years before by 
General Simcoe as the site of the military head- 
quarters for the extreme west of Canada, in 1826 
Colonel Mahon Burwell was ordered to survey the 


site of the intended city, and to stake out its future 
n 


streets and squares. the same year the first 
shanty was put up by a Scotchman named M‘Gregor, 
intended as a tavern, but so small that there was no 
room for wayfarers inside the house, and the bottle 
of whisky and tumbler, all the accommodation to 
be obtained, stood on a stump outside the door. 
The clearing for this original ‘‘ 'Tecumseth House” 
was the first made for the city of London. It was 
not known for some time by its present name, but 
for years was called the ‘‘ Forks,” and perhaps the 
appellation under which as a town it assumed its 
present title was a mistake, and calculated to bring 
ridicule upon its humble appearance and surround- 
ings. But having adopted the big name in gross, 
it is perhaps less impertinent to copy the nomencla- 
ture of the details of the great metropolis; the 
county of which it is the centre is Middlesex; the 
River Thames separates it from its largest suburb, 
Westminster; and besides Westminster Bridge 
another handsome iron structure i: known as Black- 
friars, The principal streets are Pall Mall, Oxford- 
street, Regent-street, Cheapside, Bond-street, and, 
worst of all, Piccadilly-stree¢. St. Paul's Cathedral 
is here a handsome brick structure totally unlike Sir 
Christopher Wren's in _ and design, Covent 
Garden Market simulates the original only in its 
object, and the Crystal Palace has nothing but the 
name like the original. Apart from this petty 
imitation, with the invidious comparisons which it 
necessarily suggests, there is a t deal here to 
see and to admire. Its educational facilities are 
very superior, It has three colleges, the Huron, 


Dufferin, and Hellmuth. The first of these is the 
training school for Church of England ministers of 
this diocese ; the last in order as well as in date of 
incorporation, due principally to the munificence of 
the present bishop after whom it is named, is a ladies’ 
college. It stands in the middle of its own grounds 
of 140acres, beautifully situated about a mile from the 
city, on the banks of the Thames, Besides these is a 
high school recently erected at a cost of over 20,000 
dols., and over twenty other public schools conducted 
under the admirable CommonSchool Law of Ontario, 
preeetiy the best educational system that has yet 

en devised. On the outskirts of the city is 
situated the Provincial Lunatic Asylum, said to be 
the finest institution of the kind on the continent, 
erected and maintained by the Ontario Government ; 
and besides this there are a large hospital, Pro- 
testant and Catholic orphan asylums, and a number 
of other public benevolent and charitable institu- 
tions. The works of the Great Western Railway, 
at which now all the car stock repairing and build- 
ing is concentrated, employ a large and increasing 
force of men, and this point, and not Hamilton, 
ought to be the place where the principal offices and 
locomotive workshops would be most conveniently 
established. The Ontario Car Company have also 
their works here, the largest establishment in 
Canada for the production of rolling stock, whose 
trucks and carriages may be found on nearly all the 
railways in the Dominion. London has two gas 
companies, both of which are using a new process 
in the manufacture of gas, which not only increases 
the brilliancy, but economises the cost, and it is one 
proof of the efficiency and excellency of the system 
that although Toronto and London average 1000 
miles from the coal pits, they sell there 16-candle 
gas for 6s, sterling per 1000 ft. The gas is made 
from petroleum principally, the decomposition of 
water and supply of hydrogen from this source being 
a part only of the invention. Another noticeable 
feature in London, the details of which must be re- 
served for a separate article, is the warming of 
houses by steam. This simple and economical 
method of conveying heat, turning it off and on like 
gas, the quantity transmitted being registered and 
paid for by meter, was first introduced into the city 
of Lockport in the State of New York by Mr. 
Holley, the inventor, and London is the first and, 
so far, only city in Canada to adopt what promises 
to be a great improvement and economy in the warm- 
ing and ventilating of houses, 

One of the earliest railways opened in Upper 
Canada was the London and Port Stanley, which 
turns off from the Great Western depét, and runs 
243 miles to the shores of Lake Erie, forming now 
an important branch of the Great Western system. 
This road was not constructed with a view to any 
direct profit as a speculation, but solely for the 
benefit conferred on the district and the convenience 
of the outlet it afforded to the city in giving access 
to Lake Erie. It cost up to the 3lst of January, 
1866, the sum of 1,032,850 dols., the stock held by 
private individuals being only 27,725 dols., whilst 
the remainder was subscribed principally by the 
municipalities interested in securmg the benefits of 
the railway. The city of London gave 220,000 
dols., the county of Middlesex 80,000 dols., the 
county of Elgin 80,000 dols., and the town of St. 
Thomas 8500 dols. The traffic has not amounted to 
what was expected, but the road has fulfilled the 
more important object of cheapening the freight and 
reducing the expenses on the productions of the 
district through which it passes. The only town of 
any consequence on the route is St. Thomas, named 
not after the doubting apostle but his namesake 
Mr. Talbot. As this m Be. has since become one of 
the leading railway centres in Canada, and the head- 
quarters of the Canada Southern, the most perfect 
and complete railway in the Dominion, a description 
of the town more properly belongs to that road 
which raised it in importance and population to the 
position it now occupies. Port Stanley is situated 
atthe mouth of Kettle Creek, where is one of the best 
harbours on the Canadian side of Lake Erie, and it 
forms the outlet of an excellent farming country 
which annually exports large quantities of produce to 
the American cities on the south side of the lake. 
The Great Western run a steamer from Port Stanley 
in connexion with the trains of this road to Cleve- 
land; and this forms a very convenient connexion 
between the whole of Upper Canada and the south- 
western cities of the Oho and Mississippi valleys. 
The London and Port Stanley Railway was com- 
menced in 1854 and completed in 1856. Its working 





as an independent road was not very satisfactory, but 


the revenue, which in 1860 was only 29,713 dols., 
rose in ten years time to 49,039 dols. In 1874 it 
was leased to the Great Western, by whom it has 
since been operated as a part of their system. 

Leaving London for the west at 4} miles distant 
is Hyde Park Junction, where the trains of the 
London, Huron, and Bruce Railway turn off and 
run nearly north, 74 miles to Wingham, a station 
on the Wellingtor, Grey, and Bruce, both roads 
beipg now merged into the Great Western 
syatem. At Komoka, ten miles from London, the 
Sarnia branch commences, running due west to 
Sarnia, 51 miles from the junction, and its construc- 
tion as an act of retaliation on the Grand Trunk 
and to oppose their western extension, was not one 
of the wise steps of the Great Western. Sarnia is 
the point on the St. Clair river near its outlet from 
Lake Huron, where the main line of the Grand 
Trunk leaves the Canadian territory and where its 
trains are ferried over the river to the State of 
Michigan. The Great Western line ends at Sarnia 
about two miles south of this Grand Trunk crossing, 
and as this is only a branch, and the company has 
no extension on the opposite side of the boundary, 
the ferry across the river from their station has not 
the same accommodation as the Grand Trunk have 
to provide for their crossings, nor is it in the hands 
of the railway authorities. This line, parallel to the 
Trunk, and at a distance from it of not over eight 
miles on an average, had a very poor traflic until 
the discovery of petroleum in the district imme- 
diately to the south of it, and to connect this new 
industry with their railway, a branch line 5} 
miles long was constructed from Wyoming, a station 
45 miles from London on the Sarnia branch, to the 
new settlement of Petrolia in the centre of the oil 
region. The method of raising, extracting, and re- 
fining the oil in this district, is ag na the same as 
in the larger development in the State of Virginia 
and Western Pennsylvania. The wells are sunk 
in the same way, but in Canada the crude petro- 
leum is generally sent away in oil tanks on the 
railway to the refiners of London and St. Thomas, 
where the refining works are principally situated, 
and from thence are distributed to the different 
markets for consumption. By the census of 1871 
there were raised in this district for the year 
12,969,435 gallons of crude petroleum, the capital 
invested in refineries was 524,940 dols., in which 
433 hands were employed, and the total products 
were valued at 2,845,669 dols. About i3 miles from 
Komoka, between Longwood and Appin, the main 
line of the Great Western crosses the St. Clair 
branch of the Canada Southern, which continues 
to the St. Clair river on a line exactly parallel to 
the Sarnia branch just referred to, and about 
seven miles south of it; and seven miles further, 
at Glencoe, the ‘air line” of the Great Western 
joins the main line, and the two run together 
for the remainder of the distance to Windsor, 
79 miles, with a double track to accommodate the 
trains and traffic of both. Like the Great Western, 
whose Sarnia branch and main line run respectively 
to the international frontier to the north and south 
of Lake St. Clair, the Canada Soutkern bifurcates 
at St. Thomas, and its main line and Courtwright 
branches strike the Detroit and St. Clair rivers, a 
few miles south in each case of the Great Western 
lines to the points; but unlike the Western, each 
division has, on the American side of the river, an 
allied railway to continue the route, and ultimately 
to tap important trade centres in Michigan and the 
Western States beyond. 

From Glencoe downwards for 50 miles, the Great 
Western is parallel to the River Thames, first to the 
north of it, and then crossing to the south side till 
that river finally runs into Lake St. Clair at its 
south-east angle. The Thames is never a large 
river, and its total length, from the Forks at Lon- 
don to its mouth, is scarcely 100 miles, but it is 
navigable from its mouth for tolerably large vessels 
for about 18 miles, and with the improvements now 
making, it is hoped that the whole distance to the 
Forest City may be rendered available for small 
steamers of a light draught. Like some other Ca- 
nadian rivers it has the singular anomaly of the 
lower part being very much deeper than the lake 
into which it discharges. Between Bothwell, 42 
miles from London and Thamesyille, where the rail- 
way crosses the river, and bordering its southern 
bank, is an Indian reserve of the tribe of the Dela- 
wares. ‘These Indians are the remnant of a Chris- 
tianised tribe who lived formerly in Pennsylvania, 
and gave their name to the beautiful river which 





fronts the city of Philadelphia, After the cession of 
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this district to the followers of William Penn, they 
joined the Moravians, and settled down to a civilised 
life; but in 1792, with the bad faith that has ever 
marked the dealings of the United States authorities 
with the Red-men, they were driven from their settle- 
ments and their churches, and compelled to seek an 
asylum in the backwoods of Canada, Here they 
were, however, well received, and by an Order in 
Council in 1793 # large tract of land, comprising 
50,000 acres, was assigned them on the north side 
of the River Thames. At that time there were 167 
Delawares and Iroquois in the settlement, with 29 
houses, a church, and missionary, and they raised 
annually along the flats of the river some 4000 
bushels of Indian corn. On the 5th of October, 
1813, a battle was fought on this ground between 
the British under General Proctor, and the Ameri- 
can army under General Harrison. The Indians 
fought as usual with the British army, being led by 
the celebrated chief Tecumseth. After a desperate 
resistance against overwhelming forces the Indians 
succumbed ; pierced with a dozen bullets Tecum- 
seth fell, and the Indian village was levelled with 
the ground. He was probably the finest specimen 
of an Indian chief that appears in the whole history 
of Canada, and the most formidable opponent that 
has ever led them to a fight against white soldiers. 
His memory is still revered in the district, the vil- 
lage of Thamesville formerly bore his name, and 
the leading hotel of the West in London is appro. 
priately named after the greatest of the native war- 
riors who have defended the soil of Canada, and died 
in her cause. It is worthy of remark that breech- 
loading guns were used in this Indian war; they 
were designed or suggested, it is said, by the 
American general, Andrew Jackson, who desired 
their construction for the purpose of giving the 
frontier Indian fighter an opportunity of loading his 
gun whilst lying behind the logs or trees in the 
forest, without exposing his person to the ever- 
watchful eye of his keen and observant foe. They 
were known as the Hall rifles, and some of them 
have occasionally been unearthed on the site of this 
and other scenes of Indian warfare. After this 
disastrous battle, the Indians removed to the south 
side of the river, and in 1836 they were induced by 
Sir Francis Head to surrender a large portion of 
their lands fora money annuity. There are now 
several settlements of Indians in this district ; their 
reserves have a population of about 1500 souls, and 
they are most of them taking steadily to agriculture, 
whilst some of them have regular farms, and are 
competing successfully with their white neighbours. 

hen General Simcoe selected the forks of the 
Thames as the site of his western military settle- 
ment, he fixed upon Chatham at the same time as 
the naval depét for the fleet, by which, more than 
the army, he expected to control the lakes and pro- 
tect the frontiers of Canada, It is 64 miles from 
London and 18 miles from the mouth of the river on 
Lake St, Clair, and is the highest point to which the 
Thames is yet navigable for the ordinary lake vessels 
drawing 9 ft. or 10 ft. of water. Chatham became 
consequently a settlement at an early date for Upper 
Canada, and when in 1846 London was scarcely in 
existence Chatham was a flourishing village of 2000 
inhabitants, and a market for grain and all kinds of 
agricultural productions, Amongst other things 
tobacco came to be largely cultivated, and as much as 
1000 hogsheads have. been shipped in a single 
season, One naturally associates the growth of 
tobacco with the employment of negro labour, and it 
isa singular thing that the stranger will see more 
negroes in the streets of Chatham than probably in 
any other town either of Canada or the Northern 
States. Ofa total of 21,496 black people in the 
Dominion in 1871, Ontario had 13,435, or nearly two- 
thirds, and 6731 were in these two western 
counties, being half of the total for the province and 
one-tenth of the population of the counties of Essex 
and Kent, whilst 1735 were in the township of 
Chatham alone. The arrival of this not altogether 
desirable portion of our population, dates from 
between 1851 and 1861, and was due in a great 
measure to the operation of the Fugitive Slave Law 
in the United States, which made the residence 
of runaway slaves in the Northern States no 
longer safe or convenient for them, and they 
naturally moved across the line into Canada. 
Another distzict which seemed peculiarly attractive 
for them was St. Catharine’s and the Niagara town- 
ships, and between Chatham and St, Catharine’s in 
1861 nearly half the negro population of Canada 
was centred. Since that time the numbers have not 
increased, and the black people of Canada are un- 








doubtedly fewer now than they were 20 years since. 
Leaving Chatham the railway skirts the south bank 
of the Thames to its outlet, and then for 30 miles 
further the shores of Lake St. Clair to its terminus 
at Windsor on the Detroit river, opposite to the 
famous old stronghold of Detroit, now one of the 
most beautiful cities in the American Union. The 
cars run forward on toa ferry-boat similar in arrange- 
ment to the one used by the Grand Trunk in their 
ferry across the St. Clair, 50 miles to the north of 
this, and the whole train is taken at once across the 
broad rapid river, and landed at the Detroit depdt 
of the Michigan Central, the delay of the crossing 
not exceeding 20 minutes. 

The most westerly county in the Ontario penin- 
sula, and which includes the terminus in Canada of 
both the Great Western and Canada Southern, is 
Essex, separated by the Detroit river from the State 
of Michigan. The portion of the county bounded 
by this river is by far the oldest settled portion of 
what is now Ontario. From the year 1700 French 
traders in considerable numbers were attracted to this 
place, and shortly afterwards disbanded soldiers 
from the French army began to cultivate the farms 
that extended their flat fertile meadows to the river’s 
brink, As ve as 1750 the land was laid out and 
allotted for miles below the spot where Windsor 
now stands, and it is still measured and sold by the 
arpent, the old French measure, 180 of which equal 
200 acres English. Lake St. Clair, the smallest of 
the fine great lakes through which the international 
boundary is drawn, is connected with, and discharges 
its waters into, Lake Erie, by the Detroit river, 
23 miles in length, and from one to two miles wide, 
and as the level of St. Clair is 8 ft. above the surface 
of Lake Erie there is a current generally of from 
five to seven miles an hour through the Detroit 
river. The lower portion of its course is divided 
into two channels by Grosse Isle, which extends 
from Lake Erie for four or five miles up the river. 
Overlapping this, and splitting the — of the 
Upper Lakes into three different channels, is 
Fighting Island, five miles long, the scene of many 
a daring deed, and which for acentury was constantly 
the centre of murderous strife. Above this island 
the river rans in a broad limpid stream without an 
intervening obstruction, and in this fine open reach 
on the Michigan shore stands Detroit city, the 
natural guardian of the pass, and the place pointed 
out by its advantageous situation as the best and 
perhaps only spot for the creation of a large city. 
Above this, again, in the middle of the stream, is 
Hog Island, where Pontiac retired with his Indian 
confederates after their discomfiture in the memor- 
able siege of Detroit. The Jesuits were the first 
white men who passed through the river, and here, 
as elsewhere over the whole west of this great con- 
tinent, were the pioneers of civilisation. Not far 
from where Detroit now stands they founded their 
mission of St. Joseph, and, like stray sheep amongst 
a herd of tigers, preached the gospel of peace 
amongst the barbarous savages whose lives were 
passed in rapine and reprisal. But their missionary 
zeal was wasted on the Huron bloodiHounds, and 
after enduring for some years every form of hard- 
ship, torture, and misery, those of the brethren that 
had not sealed their faith with their blood were 


withdrawn in 1688, and the post was abandoned, | ga 


Heroes of a different stamp followed them, and in 
1701 La Motte Cadaillac was commissioned by 
Louis XIV. to establish a trading port, and received 
a grant of 15 acres of land to build a port wherever, 
on the Detroit river, the new post should be estab- 
lished. He took the old route by the Ottawa river, 
and on the 24th of July, 1701, commenced his 
stockade of wooden pickets, and planted the French 
flag over his little military colony, where for over 
100 years some of the most stirring events of 
Canadian border history were enacted, and which 
has since developed into the beautiful modern city 
of which Americans have so much reason to be 
proud. It has always been a point of the utmost 
strategical value, and when Cadaillac took on 
he found there an Indian village established for the 
protection of the river where the Michigan Central 
depdt is now placed. Sixty years afterwards, when 
the capture of Quebec had given Canada to the 
British, and the Detroit river was not then the 
western boundry of Canada, General Rogers arrived 
here to take possession of the old fort, and found a 
population of 2500 residents in the neighbourhood. 
It become ~ seat fs ‘etry pom and except- 
ing the outlying dependent Machilimacinac, 
on the frontier: catablishment between the unknown 
Indian tribes of the Far West and the civilisation of 


Europe. On the Michigan side of the strait a large 


Pottawattamie vi had a permanent encampment 
to close the river against the hostile Indians, w: the 
powerful Wyandottes or Hurons, a friendly tribe, 
covered the Canadianside where Windsor now stands. 
On the same side of the river, but lower down in 
its course, was another large vi of the Ottawas, 
who had been dispossessed from their former homes 
on the great river of Montreal to which they had 
given their name, and driven by the [roquois to take 
shelter on this western water. Between these two 
Indian settlements stretching along the Canadian 
shore, where Sandwich is now built, were a number 
of detached French houses belonging to retired 
officers —_ the aoeese zane coureurs de - 
voyageurs, trappers, and other ties engaged in 
the fur trade, py families ah ge Satya 
their long and dangerous excursions into the great 
unknown mysterious West. When the fort was 
turned over to the lish in 1760, most of the dis- 
banded soldiers from the French army of occupation 
atthe different forts, crossed from the Michigan 
side and joined their more congenial friends, the 
old hunters and trappers, their Indian allies, and the 
mongrel half-breeds that had sprung up in the sixty 

ears of French occupation of the surrounding 

istrict, .This was the early settlement of this 
extreme western point of Canada which even to 
the present day is, in the origin of its inhabitants, 
more French than British. In 1784, English settlers 
began to come in after the American War of In- 
dependence, principally disbanded soldiers, the 
worst class of emi ts, and although this is the 
very perfection of farming land, like the old French 
habitants, the first industry to be developed was 
the fisheries, possibly as affording a more idle and 
eventful life than the more steady but less ex- 
citing cultivation of the soil. hen the inter- 
national boundary between Canada and the United 
States, by one of those political blunders which 
England has always made when dealing with the 
Americans, was run through the Detroit river, 
and Michigan became a portion of the Federal 
Government, it became n to have a military 
depét on the river, and hence Sandwich, two miles 
south of Windsor, became a garrison town, the 
capital of the district, and the county town. On 
the location of the Great Western Railway being 
laid out to strike the river two miles north of the 
old county town, the new village of Windsor, 
which clustered round the terminus, soon attracted 
the trade and population that was fast coming into 
the district, and hence the older settlement remains 
nearly stationary, whilst the enterprising town of 
Windsor is developing at a remarkably rapid e. 
It was laid out as late as 1854, and as it stands Bo ft. 
above the lake and river, and is consequently cleaner 
and more healthy than the old place of business, it 
offers many inducements over its rival which really 
has nothing but the necessary county business and 
its older establishment to recommend it. In 1871 
the population of Windsor was 4253, whilst Sand- 
wich was only 1160, and since then the former has 
grown very rapidly as a manufacturing point to 
catch the hapten trade in connexion with estab- 
lished industries in the larger and more important 
city opposite, whilst Sandwich, with its py 
rdens and old-fashioned respectability, looks like 

from the neighbour- 
into the midst of the 
which line both banks 


an old settlement transplant 
hood of Quebec or yee 
new spruce American villages 
of the beautiful Detroit. 





SocrztTy or Arts.—In connexion with the conference 
on the P: of Public Health, which, it is announced, 
will be he! hy Sie Sonate st Aotean Se 10th and llth of 
next month, it is intended, as in former am to hold an 
Exhibition of Sanitary Appliances. hese exhibitions, 
though on a small scale—the Society’s premises not afford- 
ing room for a large collection—have been found very 


useful in former » as conferences have always 
been largely attended by sanitarians from different parts 
of the country. 





Tue Proposep PANAMA CANAL.—Dr. Long, who has 
for the past eleven years represented the United States Go- 
vernment as consul at Panam, has testi ‘ore & 

committee of the United States House of py: io pone to 
opportunity to judge of the various 


that he had a 

explorations surveys which have been made for the 
cay Panama , and that he believed that all cf 
hem had been carried on hastily an 


that the results were not ruficiently satisfactory to induce 
ists to invest money in any scheme founded 

upon such bases. He further stated that till within the 
fat fare? Tones, caliccly, mangpoliond br Grend' etiain 
the trade of the United 





bat that in the past two 


States with South America greatly increased. 
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THE WALSALL BOILER EXPLOSION. 

THE inquiry into the recent disastrous boiler ex- 

losion at the Birchills Hall Iron Works, near 
alsall, was resumed on Monday last, the 31st ult., 
but it was not brought to a conclusion, and the pro- 
ceedings now stand again <4 om until Monday 
next the 7th inst. These lengthy adjournments, 
besides unduly protracting the settlement of the 
points at issue, involve the parties concerned in much 
needless trouble and expense, and itis greatly to be 
hoped that it may be found possible to avoid them 
in future, as the investigation is still likely to last 
several days. 

We have already (vide page 421 of our last issue) 
summarised the evidence offered at the inquest held 
on the 2]st ult., and we have now to do the same 
with that given on Monday last, The coroner 
oe A. A. Fletcher) had the assistance of Mr. W. 

- Traill and Mr. T. J. Richards, of the Board of 
Trade, and Mr. E. B, Marten, of Stourbridge, while 
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Mr. A. Young, barrister, was also present under the 
instructions of the Home Office. In opening the pro- 
ceedings it was determined in the first place to recall 
the witnesses who had been examined at the last 
sitting, in order that they might be further ex- 
amined by Mr. Young. In accordance with this 
decision, Mr. W. Brownhill, one of the proprietors 
and the managing director of the Birchills Hall 
Iron Works, was recalled and his — evidence 
(vee page 421 ante) read over to him, In answer 
to Mr. Edge, who appeared on behalf of the Boiler 
Insurance and Steam Power Company, he stated 
that the insurance of the boilers originally p 

in 1877 had been postponed to enable certain 

tions to be made and to enable the insuring com- 
pany to become thoroughly acquainted with the 
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boilers. He did not remember a letter to the effect 
that at 30 lb, pressure the boilers would require con- 
tinual care ; the insurance was, however, postponed. 
A letter from the Boiler Insurance and Bteam 
Power Company, dated November 14, 1878, was 
then shown to witness, this letter stating that the 
boilers were old and not in a satisfactory state, and 
that the company were not Moss sonny to insure them 
until certain repairs and al ons had been made, 
these alterations including the strengthening of the 
—— nae —— tubes, The omg was 

en ut company went on inspect- 
ing the boilers, On April 1, 1879, he received a 
letter from the insurance company drawing atten- 
tion to some cracked rivet holes and leaks in the 
boiler which had exploded, and also to the fact that 
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thé. safety valves were loaded to 40 !b. per square 
inch instead of 30 lb. On receipt of this letter he 
gave instructions to the manager to adjust all the 
safety valves on the premises, and he was subse- 
quently told that this had been done, In the letter 
of May 6 last, received from the insurance company, 
it was suggested that the edges of the safety valves 
should be reduced, but he did not think this had 
been done prior to the explosion. Four out of the 
six boilers had strenghthening rings put round 
the manholes, 

In reply to Mr. Gillespie (who attended for the 
mayor and the town authorities), Mr. Brownhill 
further stated that he could not say whether all the 
suggestions made in the letters of November 14, 
1878, and April 1, 1879, had been carried out, but 
he had given instructions that they should be. The 
works were quite new in 1864 and 1865, and the 
boilers then started work ; he did not think that 
they had been tested by bydraulic pressure. A 
stat of boilermakers was kept to look after the 
boilers ; they had to report to the managers, Mr. 
Johnson and Mr. Harrison. The exploded boiler 
was thoroughly overhauled six months ago, and it 
was cleaned once a fortnight, The Boiler Insurance 
and Steam Power Company were not informed of 
the repai There was one boiler tenter in charge 
of the boilers at the time of the explosion. There 
was one 6-in, gauge in the engine-house, and that 
served for the six boilers; he did not know that the 
Boiler Insurance Company had ever recommended 
a separate gauge to each boiler. A small boiler, 
No, 8, had also a gauge; this was a small boiler 
which could be wee: at 601b, pressure, but he 
thought it was worked at 301b. only. The last- 
mentioned gauge was bought from Messrs. Russell, 
and looked like a new one; it was fixed about a 
month since. He did not know that if the safety 
valve weights were placed at the end of the levers, 
the valve would be loaded to 44 lb. per square 
inch; he had not noticed the weight at the end of 
the lever. 

In reply to Mr. Traill, Mr. Brownhill added that 
he believed the boiler to be quite new when put 
down. ‘The Boiler Insurance Company had re- 
ported the valves to be overloaded two or three 
times; he did not see the recommendations of the 
insurance company carried out. All the boilers 
were not at work at one time, the average being 
seven per day, The explosion occurred about half- 
past ten on May 15, and steam had been got up 
about five days before. He did not anticipate any 
danger from weakness of the manhole, and his 
attention was never called to cracking of the seams. 
on best best plates, worth at the present 
time about 11/. per ton, had been used in the repairs, 
the use of Lowmoor plates had not been suggested 
by the boilermakers. He had no thought that the 
working pressure of 30 lb. was being exceeded, and 
his attention had never been called to the effect of 
impact of flame on the boiler. He knew that there 
was occasionally a leak, and that impact of flame 
would cause rom Oy There were engineers and boiler- 
makers to look after these things, and they were 
responsible, 

urther examined by Mr. Williams, who appeared 
on behalf of the owners of the boiler, witness stated 
that the reports of the Boiler Insurance Company 
were always handed to Mr. Harrison and Mr. John- 
son, the managers of the forge side and mill side 
respectively, and they had instructions to carry out 
the suggestions, Mr. Harrison (who was killed by 
the explosion) he believed te be most competent ; 
he was regular and attentive to his duties. Mil- 
lington’s plates were not used for the sake of 
economy, but because they were considered the best 
for the work. 


In reply to Mr. Young, Mr. Brownhill stated that : 


the boiler was not in use constantly night and day, 
as it stood two nights and two days in each Bas 5 
namely, from Saturday night to Monday night, it 
being unusual to work on Mondays, , No record was 
kept of the boiler inspections by the boilermakers 
or ‘pom, ate as they were weekly and regular; the 
boil ers were always on the premises on 
Saturday to see all was right, and they would work 
on Sundays if necessary. The time and materials 
used in repairing the boilers were recorded ; the men 
would report yng be; Mr. Harrison on Monday 
morning what they done. The books of the 
company would only show the cost of repairs 
gone . The exploded boiler, he believed, had 

ways had the four puddling furnaces working into 
it; one of the furnaces was sometimes used as a ball 


gue heat, but the contrary, The exploded boiler 
ad been extensively repaired; he believed that it 
had been shortened but was not sure. He did not 
know that the old manholes were covered, that the 
lower tier of breast plates differed from the others, 
or the angle-irons of the tubes and elsewhere had 
butt joints instead of being welded. The last in- 
—_— by the Boiler Insurance Company was on 
the 29th of April last, when the boiler was, he be- 
lieved, at work. A few weeks before that the ex- 
ploded boiler (No. 4) had been inspected theroughly, 
when.it was not at work. Witnees then confirme 
what he had previously stated respecting the in- 
structions given for carrying out the repairs. The 
report of M: y 6 stated that the valve of No. 7 was 
correctly weighted, but that the weights of Nos. 1 
to 6 should be adjusted to 30lb.; he drew the 
oe pe attention of the managers to this " 

e did not think that Mr. Harrison or Mr. tea 
should see personally that this adjustment was 
carried out ; they would take the word of the en- 
gineers by whom the adjustment would be made and 
whose word was reliable. He considered that the 
responsibility of determining what repairs should be 
done and of ing out the instructions of the 
Boiler Insurance Company rested entirely with the 
engineers and boilermakers. 

n reply to Mr. Williams, he stated that the Boiler 
Insurance Company were paid for inspecting and 
reporting upon the boilers, and this constituted the 
scientific assistance they had. In reply to the fore- 
man of the jury, he added that he could not produce 
the order for the boiler, or its date, but he could 
produce a man who could state when the boiler was 
put in, The boiler which exploded had gauge 
cocks, and also a float, but no glass water gauge. 
Cornfield had charge of the boilers, and had to see 
to the feed ; he never knew the feed pump to fail. 

The next witness examined was Mr, E. B. Marten, 
of Stourbridge, the engineer-in-chief of the Midland 
Boiler Insurance Company. In accordance with the 
instructions of the coroner, Mr, Marten had pre- 
pared a report on the explosion, and this report was 
now putin, It was as follows: 


Stourbridge, May 28, 1880. 
ToA. A. Fletcher, Esq., Coroner, Walsall. 

Str,—I have the honour to report that in accordance 
with your instructions I examined the boiler which ex- 
me on Saturday, May 15, at the Birchills Hall Iron 

orks, causing the death of 25 persons. 

The boiler was a ‘‘ Rastrick”’ or four furnace upright, of 
a kind much used in iron works. 

My attention has been much directed to boilers of this 
class, as a very fatal losion of one at Millfields in 1862 
led to es formation = ry Steam a Ins: 
tion and Assurance Company for the purpose of providin, 
for periodical independent inspection as the best means o: 
preventing boiler — 

As engineer to that company I have been enabled to 

ther very complete records of boiler explosions which 

ave been printed for the information and guidance of those 
in charge of boilers. These records weré at the request of 
the Special Parliamentary Committee on Boiler Explosions 
in 1869-70, and 1871, tabulated under certain heads for 
periods of ten years, and have been so continued annually 
since. 

A complete Table published as an index to the records 
for 18 years shows that not more of the 1016 boilers which 
exploded were furnace boilers than might be expected from 
the number in use, but that their — was more fatal, 
the average of deaths from ordi i being 1.16, while 
for furnace boilers it has been 4.6 deaths. 

The Birchills boiler was one of six, working together, and 
was about 27 ft. high and 10 ft. in diameter, with four 
branch tubes 2 ft. in diameter, and a centre tube 4 ft. in 
diameter and 11 ft. high. The boiler was set upright and 
surrounded with brickwork for about 14 ft. in height, leay- 
ing a space of about 2 ft. between the brickwork and the 
boiler, divided into four compartments by ition walls 
from the outside brickwork to the boiler. compart- 
ment received the waste heat of furnaces, three of which 


‘urnace. 
The flame passed over the bottom and breast of the 
boiler, and up to the top of the compartment and over short 
damper walls into the branch tubes, and thence down the 
centre tube common to all the furnaces and away by an 
underground flue to the chimney. 
Judging from the appearance of the fragments the boiler 
has been altered from its original shape, as the old man- 
holes are covered, and the lowest tier of breast plates differ 
in shape from the others, and the bottom sweep plates 
and tippet plates, and the centre tube angle-iron, 
with butt joints instead of one welded ring, appear of diffe- 
rent date to the ppper part of the boiler. 

The upper part of the shell has been much repaired, there 
being nearly a dozen patches chiefly in the plates round the 
branch tubes. The newer portion below the tubes has had 
two patches, one of which is on a sweep ite the 
ball and the other on one of the tes. 
The original plates of the boiler were abou is in, oF 





furnace, but he did not think it would then give a 





d | the position of the boiler before 


were puddling, and the fourth used at the time as a ball | the 


per inch, of course presuming the plates and seams were all 
sound and in good condition. 

The boiler was mounted with a double branch steam stop- 
valve, gauge cocks, float, feed valve, blow-off and safety 
valve 54 in. in diameter, loaded as far as could be asccr- 
tained to poe There was ~ gauge ee the oe but 
one upon the steam pipes in the engine-house, which was 

i indicate 27 Ib. to 30 Ib., but was so far off that it 
could not be a sure indicator for the boiler, especially 
while the engine was at work. I examined and measured 
Ge _ ents sufficiently to mark them upon a model of 

er. 

The sketches (see Figs. 1 and 2, 431) attached show 
of the fragments after 

losion. The positions in which the fragments were found 
indicate that the first ru must have been opposite the 
neck of the ball furnace in an upright seam. The rent must 
have spread rapidly, pane | up to the branch tube just 
above and then horizontally all round the boiler at that level. 
At the same time it extended downwards through the bottom 
angle-iron and all round the bottom of the centre tube. The 
whole of the bottom part of the shell was thus torn into four 
pieces, which were found in positions corresponding to their 
places in the boiler. 

The upper part of the shell and the tubes being thus 
set at Hoerty, the reaction of the issuing contents sent 
this large fragment upwards, and nearly in a direction 
opposite to the first rent. It fell at some distance, alight- 
ing on its top end, the steam valve-box being buried in the 
sand of a furnace pig bed. It afterwards appears to 
have turned over on to some trucks and in into its 
a ion, the fractures and distortion both of tubes 
and being the result of its fall. 

Further examination of the rp ay the two f: ents 
on either side of the Femme rent shows that the 
seam has been much di by the impinging of the 
flame of the ball furnace —— edge of the outside lap 
of the seam which happened to face it ; and that there has 
been much leakage is shown by the corrosion of the plates 
near the seam. The patch on the sweep plate shows the same 
thing before has caused trouble, and the sweep plate next to 
the patch must have had its strained by the necessary 
cutting out and re-rivetting. was scale on the body 
of the rivets in the rent seam, showing there had been con- 
siderable leaking before explosion. seam had been so 
much caulked as to raise a considerable rib on the plate 
outside, and its edge had been much hammered on the 
inside, and many of the rivet heads were small. The 

which have rent do not appear sound, as a line of 

ination can be traced between nearly every rivet-hole 

in the breast plate, and some parts of the sweep plute were 
not sound. 

These repeated repairs had left the seam far from secure, 
as the — appears to have been to stop leaking without 
noticing the strain caused to the seam and the punishment 
of the plate by so much caulking. The seam was at last 
too weak to the pressure, which might be 43 lb. of 
steam before the safety valve would relieve it, to which 
= be added about 6 lb. for the pressure of 12 ft. of water 
above it. 

As these furnace boilers must stand among the workmen 
and they receive their heat upon the outside shell where 
the pressure — the or the thee = is < ry ——_ 
importance to their securi shor ept in 
= condition, and that in iring the fabric should not 

weakened. The opinion much prevails that weak 
po below the water are not liable to cause explosion, 
ut only a gradual escape of water or steam which would 
relieve the pressure with comparative safety ; but where, 
as in this instance, the weakness extends over a long line, 
any rupture s; reads so rapidly as to allow the whole fabric 
to tear asunder suddenly, when the heated water within 
the boiler being relieved of pressure has an explosive effect 
like gunpowder. 

Sir G. Airy, the Astronomer Royal, carefully computed 
that each cubic foot of water at the temperature of steam 
at 60 lb. pressure equalled the explosive effect of firing 
1 lb. of gunpowder, so that in such a boiler as the one under 
consideration containing over 1000 cubic feet of water there 
would be the same havoc as from the explosion of several 
hundred pounds of gunpowder. 

The immediate cause of explosion seems therefore to 
have been the weakening of the seam by injudicious over- 
repair, but other causes have contributed, as the mischief 
has been increased by its happening to have the edges of 
the plates facing the hottest furnace, with the feed water 
coming in at a low temperature very near to it. 

The alteration of the structure of the boiler by shortening 
and the numerous seams of the breast plates destroying the 
break of joint did not restore the a strength, while 

i plates do not appear of suitable quality for 
the of such a boiler, and the sure when all 
o ragged oe at ‘haber tes as at the time of she ex- 

osion, was tless er than those in charge a; 
to have realised. ngs 
I have the honour to be your obedient servant, 

E. B. Marten. 


On 431 we give engravings, Figs. 1 and 2, 
from the sketches by which Mr. Marten's report was 
accompanied. We likewise give on the same page 
a perspective view of the exploded boiler, carefully 
repared from a photograph, and this view will 
urther assist our readers in following Mr. E. B. 
Marten’s remarks, The report having been read, 
Mr. Marten in reply to some questions put by the 
foreman of the jury, further confirmed some of the 
statements in his report, and added that, calculated 
from the thicknesses of plates, the bursting pressure 


; | of the boiler would be about six times the working 





. | pressures named, He then proceeded to lay before 
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Re Borter Expiosion, Brrcuiitis Iron Works, WALSALL. 
Lloyd’s Proving House, Netherton, near 


Sr1r,—The following is the result, &c., of tests applied 


May 28, 1880. 
to five samples of boiler taal tase to-day, in the 


presence of Messrs. Richards Marten, McDougall, and other gentlemen. 





















































ORIGINAL. Uoeeeey FRACTURED, 
i ar TESS 
e eae A 

wl. aE yer in 10 in, |APPEARANCE oF FRACTURE. 

|e 

ie | |i 

| * $ 3 3 ms $ E 

ZlA| = in < Be |? n 

in. sq. in.| tons | tons in, _|sq. in./sq. in.| per | in.| per 
cent. cent. 

1| | (1 |1.99 by .36| .716 |13.181| 18.40 |2.00 by .35| .700 | 016 | 2.2 | .23| 2.3 |Laminated. 70 per cent. crys- 
tal, 30 per cent. fibrous. 

2 $ 2 |2.01 ,, .41) .824 |18 400 | 22.38 |1.98 ,, .41) .811 | .018 | 1.5 | .41 Badly corroded. 92} per cent. 

3 crystal, 74 per cent. fibrous. 

3 \a)J (2.01 ,, .41 824 |14,356 | 17.42 |1.99 ,, .41| .815 | .009 | 1.0 | .24| 2.4 |Slightly laminated. 55 per 

§ 4 —. crystal, 45 per cent. 
: rous. 

4 S 5 |2.01 ,, .48) .964 [15.862 | 16.45 /1.97 ,, .45) .886 | .078 | 8.0 | .50| 5.0. [45 ———— crystal, 55 per 
cent. fibrous. 

5 L7 |2.01 ,, .36) .723 |10.575| 14.62 [2.04 ,, .35) .714 | .009 | 1.2 | 03} 0.3 |Laminated. Fractured before 
testing, broke outside 10 in. 
centres. 70 percent. crystal, 
15 per cent. fibrous, 15 per 
cent. old fracture. 

















I am, Sir, Gen most obedient servant, 


T. W. Traill, ., Engineer-S: in-Chief, Board of Trade, 
a, teainthalholeuaht teadons E.G. 


the Court the results contained in the annexed 
Table, containivg the particulars of tests made of 
the samples of plates taken from the exploded 
boiler. He had not compared these tests with 
those from new plates, but he left every one to 
draw their own inferences. He was not present at 
the testing of the pressure gauges by comparison 
with a mercurial column. The tensile strength of 
new boiler plates was 20 tons to 21 tons ae square 
inch, but the plates from the exploded boiler had 
been long in use, and could not be expected to equal 
new iron, particularly those which had been tent in 
two ways, and then bent backwards again. 

It being intimated by Mr. Williams, Mr. Edge, 
and Mr. Gillespie, that they were not rag tee ney 
to proceed with the examination of Mr. Marten, it 
was agreed that his further examination should be 
adjourned until the next sitting, and the Court 
then proceeded to take evidence regarding the con- 
dition of the pressure gauges. Mr. Jonah Davies, 
civil engineer, of Wolverhampton, was then ex- 
amined, He stated that the pressure gauge in the 
engine-room and that on No. 8 boiler had been 
tested by Messrs. Payne and Griffiths, of Birming- 
ham, in his presence and that of Mr, Richards and 





D. G. Lewis, Superintendent. 


Mr. anes the result being-as recorded in the 
annexed Table. When the Smith gauge showed 
29 lb., there would be an actual pressure of steam of 
about 40 Ib.; Mr. Marten was right in saying that 
the safety valve was apparently weighted to 43 Ib. 
per square inch, as that would represent about 30 Ib. 
on the engine-room gauge. 
James Grainger, the night e 
called, and deposed that he had been employed at 
the Birchills Hall Iron Works between eleven and 
twelve years. He was at home at the time of the 
explosion. He had never heard any complaint of 
No. 4 boiler ; it was examined by the inspector about 
every three months, and between these visits he 
ape vce saw to the cleaning of it, It was eee 
or cleaning, and he got into it, but he had nothing 
to do with the flues; the flues were examined when 
the inspector came. The boiler had not had much 
repair since a new bottom was put in in October 
last ; it was not leaky. It had had a new bottom 
two or three times since he had been at the works ; 
the last repairs were about November last year. 
The boiler was not worked at more than 29 lb. or 
30 Ib. ; it was well —— with water, and there 
had never been any difficulty with or shortness of 


eer, was then 


Brrcuitts Haus. Borner Exewosion. 


Testing the Steam Pressure Gauges by a Column of Mercury, at Messrs. Payne and Griffiths, 
Cross-street, Birmingham. 


















































Maker. Dew- Maker. Smith, hens 
: ge. Gauge. Result 
i loom Mercury. | Gauge. | Difference. “ne be Mercury. | First |Difference.| Second |after Test- 

Principle Spring Principle. Test. Test. jing Twice. 
ge T 6 ¢ 2 TT ee 6 1 
Es 10 125 24 & 2 . 10 104 + 11 
ui 15 174 24 Ry 15 15 
Bee 20 224 2h 3 sa : 20 18} 2h 20 
325 25 27 2 gag 25 22 3 
34% 1 30 32 2 e45 J 30 25 5 265 
SSaieo 4 35 36 1 Sek 35 27 ~ 
£8 s 40 41} 1} £Sn g 40 29 ul 32 32 
as 4 45 46 1 8s 8 $5 31 14 
a 8 50 514 14 a 34 50 34 16 39 39 
2433 55 56 1 2424 55 - 18 
B=52 |] 60 61k rr B7A L 60 19 47 

bm r 

Zak 

= 3" 70 51 19 

Ese 89 58 22 

e as { 0 7 38 

oi 100 76 24 

reer 110 86} 234 

ee 120 100 20 

2SRE8 

= & 
After Smith’s gauge had been tested, it was moved or worked up and down again under pressure; the indications 


more accurate. 
, Assistant Surveyor to the 


. Richards. 
Mr. Niel M Chief Engineer Manchester Steam Boiler Association Company, Limited. 
Mr. Jonah Davies, Engineer for the Birchills Hall Iron Company Limited. 
(Witnesses or the testing 





water. In reply to Mr. Traill, he added that he had 

been brought up to engine driving, and had been atit 

bed poset The boiler primed some times when they 
wey coal 

any 1 


good e did not think there was 

in the sweep plates; he cleaned the 
boiler a fortnight prior to the explosion, but did 
not examine the outside for leaks. He had 
nothing to report the last month or two but some 
leaks which the boilermakers attended to. The last 
leak he saw was about a month ago; the boiler- 
makers took some rivets out and caulked it; they 
made no pon on gs as to the difficulty in keeping 
the seams caulked. He reported anything wrong to 
the boilermakers by order of the managers, but it 
was not his especial duty to examine the boilers. 
The greatest number of boilers he had to attend to 
at once was six; if they primed the feed was turned 
on at once, but it was a long time since No. 4 
primed. The stop valve was not touched when 
the boiler was priming, it was never shut when 
steam was up. ere were @ float and three gauge 
cocks to try the height of water, and he tried each 
boiler eight or nine times ina night. The gauge 
cocks were got at by means of a ladder, and the float 
could be reached the same way ; he had never known 
the float to stick. He never received an order to 
adjust the safety valves, but Cornfield had received 
such an order, and had altered them. Before the 
alteration the weight was at the end of the lever, 
and afterwards it was about 4 in. off. The alteration 
was made about six or seven weeks ago, but he 
could not give the date; the alteration did not 
effect the pressure on the gauge. The weight did 
not shift, and it was where it was placed when he 
went away at 6 o’clock on the morning of the ex- 
plosion. He saw thesteam blowing off pretty strongly 
that morning and there was then 29 lb. pressure. 
There were about five or six bucketfuls of mud in 
the boiler when cleaned ; when it was cleaned the 
boiler was blown off with steam up, but after the 
furnaces had been — somehours. The boiler was 
scurfed a fortnight before the explosion; the scale 
had sometimes been 4 in. thick but not lately; the 
boilermakers used to knock the scale off. The boiler 
was blown down for about a minute every other 
morning. He had never complained that too much 
heat was applied to this er. He did not find 
any difference in the safety valve when the boiler 
primed, nothing came out but water passed into the 
engine, He used then to turn on another , mp: 
that was a pump on purpose. The boiler did not 
prime on the morning of the explosion. 

In reply to Mr. Young, the witress further stated 
that he and Cornfield were instru by Morris, 
the millwright. He (witness) never inspected flues, 
and did not know of any one else doing so except 
the inspector of the Boiler Insurance Company. 
The steam gauge had been put on about a fortnight 
before the explosion ; the gauge had been kept in 
the office, but he did not know how long. He did 
not know that the pressure on the boiler was 40 lb. 
when the gauge registered 29 lb. The brickwork 
he stood on to examine the fittings was 10 ft. or 
12 ft. from the top of the boiler; he went on the 
top of each boiler about once a day, and was on the 
top of No. 4 the night before the explosion; he 
went up to mend the float wire, which was broken. 
He did not examine the safety valve, as he went by 
the gauge only. Cornfield told him he had altered 
the weight of No. 4 boiler, but did not mention any 
other ; (witness) saw the weight was alt-red 
about a f ht before the explosion. He did not 
think it necessary to look at it again, as he worked 
+ the steam gauge; the gauge was put on by 

orris. He could not tell when the plates above 
ponrtpengag we eho plates close to the rent were 

ut on; the boiler was not very leaky down by the 
1 furnace ; it leaked more a little lover down 
where the flame would come in contact with the 


plate. 
At this point the ogy wb a adjourned until Mon- 
day next, and under these circumstances we e~all of 


course postpone expressing our own opinions on the 
subject, 





AWaARDs AT THE SypNEY INTERNATIONAL ExutBi- 


TION.— We are inf other awards at the 
8 or have 

made: To Mr. John , Valean Tube Works, West 
Brom a for iron pele el ee 
Messrs. Davis and Primrose, Iron Works, h, a 
first for hammers ; to Messrs. Bros. 
of Hull, a first special 
mention for d: and exca ting . Weshall 
_— other awards made to English 
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BOILER SHELL 


DRILLING MACHINE. 


CONSTRUCTED BY MESSRS. KENDALL AND GENT, ENGINEERS, MANCHESTER. 





We give above engravings of a boiler drilling machine 
by Messrs. Kendall and Gent, of Manchester, specially 
constructed for drilling rivet holes from the external sur- 
face of cylindrical boiler shells, In doing this we call the 
notice of our readers to the combination in this machine 
of the well-known Scott's patent dividing motion (as 
used in wheel moulding and in wheel-cutting machinery) 
with Dixon's patent self-acting instantaneous withdrawing 


The dividing motion permits:the pitch of the rivet holes 
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in the circumferential seams to be regulated to any 
desired distance without previous “ setting out” or 
“ marking off,” and the withdrawing motion brings back 
all the drills directly the holes are completed, without 
any cessation of the feed motion, each drill being in- 
stantly ready for the next hole. 

The machine, as constructed to drill the shells of 
ordinary Lancashire boilers and similar circular objects 
at the boiler works of Mr. Thomas Beeley, of Hyde, is 
capable of admitting boilers of 8 ft, diameter, or any 
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smaller size down to 4 ft. diameter, and is provided with 
a self-acting lifting and lowering motion to the drill 
heads, embracing a range of 4 ft. 3in. in height. Each 

head, when once adjusted to the diameter of object to be 

drilled, is bolted firmly down to the radial baseplate, 

and securely held there during the working of the ma- 
hine. 


© 

The boiler shell is placed upon a revolving table actuated 
through the patent dividing ap fully described 
by us on page 880 of our twenty-third volume) by 
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SCRAPER FOR CLEANING WATER MAINS. 


CONSTRUCTED BY THE GLENFIELD COMPANY, KILMARNOCK. 
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means of alarge dividing wheel and worm placed beneath 
it, and the practical accuracy of this apparatus has been 
proved in this machine by drilling a complete circum- 
ferential row of holes in a7 ft. diameter boiler shell 
and passing the drill after the completion of the last 
hole again to the hole it had started from into which it 
freely entered without the slightest visible inaccuracy, 

The feed motion to each drill is driven from, one 
source of power, but each drill is adjustable on its own 
account. The depth of feed is regulated by a patent 
detent lever which engages with the teeth of a ratchet 
wheel till released therefrom by contact with the ad- 
justable stop. The drill spindle is then instantly forced 
back by the spiral spring and the forward feed motion 
continues, 

It is the duty of the attendant to tarn his dividing 
apparatus handle the required distance for the next hole 
directly the drills are withdrawn, the amount of clearance 
between the drill point and the boiler shell being such 
as to give him proper time for this purpose but no more. 
Self-acting water jets to the drills, and reflectors to 
enable the operator to see each drill, will be provided, 
but were not in action at the time of our inspection of 
the machine. 

With an ordinary boiler shell formed in three plates, 
the three drills work simultaneously, and the one move- 
ment of the dividing apparatus, of course, applies to all. 
If the object to be drilled be not divisible into multiples 
of three, any other divisions can be produced by the 
dividing gear, either one, two, or three drills being used, 
as the circumstances may permit. Two heads can be 
shifted round from the angle of 120 deg., at which they 
are shown, to positions diametrically opposite, as may be 
desired, and the third can be used or disused as wished. 

Vertical gauge rods are provided duly marked out to 
the various pitches that may be needed for the vertical 
rows of holes, and the movement of the drill spindle 
saddles is so simple and steady that accurate adjustment 
can be made without the least difficulty. In the same 
way when the drill would in its natural course come in 
contact with one of the bolts by which the plates are held 
together, the attendant can run all the downwards 
a couple of inches or so, then turn the dividing apparatus 
two pitches instead of one, and on raising the three drills 
again he can continue the circular row as before, The 
entire control of the machine is governed by the attention 
of one man to the two levers and the one dividing handle, 
which are all conveniently placed for the -p It is 
scarcely necessary to say that the whole machine is care- 
fully and accurately constructed and finished in the 
well-known style of the makers, and we have every con- 
fidence that it will prove to be a valuable agent in the 
production of that exact and perfect class of workman- 
ship which it is now-a-days a pleasure to chronicle from 
time to time as being the aim of boilermakers who desire 
to excel in their manufacture, 





Taz Onrent Stgam Nayiaation Company.—It is 

that the list of ications for the new issue of 

shares in the Orient Steam Navi Company, Limited, 
will be closed on Saturday next, 5th inst. 


Seaiehaedoussnandinasine the fret parneroph 7 
su week, see ante, im 
the middle column of page 423 has been accidentally trans- 
posed, It belongs, as will be evident, to the notice of the 


accident which took place, the 20th February, on the 
North British Railway. 


Tue Tempieton Funp.— We have in ac- 
knowledging the receipt of the following amounts for the 
aid of the Templeton ° 

Amounts received by EX3INEERING 
Per Mr. F. J. Pilcher (2nd collection) 
Amounts received by Mr. Joseph 

Newton, already acknowledged _... 

















ENGINES OF THE ‘‘ GRECIAN,” 
In our number of the 21st ult. we published a two- 
pege engraving of the compound engines of the s.s. 
ian, constructed by Messrs. W. Doxford and Sons, of 
Sunderland, and this week we give another two- 
illustration showing details of these engines. Of 
views on our two-page sheet, Figs. 3 to 6 show details of 
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the cylinders, while Figs. 9 to 16 give views of the high- 
ssure valves and valve chost. On the present r 
ig. 7 shows in detail the mode of fixing the liner of the 
high-pressure cylinder, and Fig, 8 shows the mode of 
fixing the valve faces. Inasmuch as we shall publish in 
an early number further details of these engines, we 
deem it best to defer our description. 





SCRAPER FOR WATER MAINS. 

We annex illustrations of an extremely ingenious 
and efficient apparatus for cleaning out water mains 
which have become foul from the accumulation of de- 
posits from the water. The drawings show the arrange- 
ment so clearly that but little description is required. 
The apparatus consists of two pistons kept at a fixed 
distance apart, and in front of them isa spindle on which 
are mounted a series of scraping blades. The pistons 
are packed with leather as shown, so as to fit the main 
to Ce ieee se aa namo 
mounted on a spindle over which is placed a dis- 
tance piece. In front of the forward piston is a long rod 
made with an eye at one end, and a collar about the 
middle of its length. The scrapers are arranged in two 
sets; they consist of broad steel plates of the form 
shown, one end terminating in the scraper, the other 
bent over and having a hole made for the rod to pone 
through. The rear set of scrapers is held in y a 
distance tube passing over the rod, and se: at its 

ite end asa support for the forward set of scra: 


which is screwed up in place by a nut providec with a 
, a8 shown. 

e form of each scraper blade is peculiar, and will 

be understood by reference to the drawings. The 





scraping face is curved to fit the main in which it is to 
be used, and at the same time is forked, as shown in the 
illustration. The scrapers are attached to the plates or 
arms by bolts through lugs in the begin Pte 
of each blade. The the scra is bolted 
up to the piston-rod, and is to turn should it meet 
with any o ction in the pipe. The scrapers are made 
sloping with the object of preventing them from 
jammed, The operation cf the ao is very simple. 
It is in the upper end of main to be cleaned, 
and the water is turned on behind it, when the pressure 
forces the scraper to advance more or less slowly ac- 
cording to the state of the main. The operation is not a 
rapid one, and is not unfrequently delayed by the 
of the scraper by stones or other solid obstacles. In such 
cases the pipe has to be cut, and the obstacle removed, 
when—the joint being again—the scraper proceeds, 
The apparatus is introduced into the main by door pipes, 
made as shown in Figs. 2 and 3, which ean 
be easily introduced into the main. This arrange- 
ment has been in successful use by many water com- 
ies, am: others those of Osw » Portmadoc, 
caster, Aberdeen, Llanelly, Welshpool, and Consett. 
At Lancaster it is found that the cost of cleaning is 
14, 16s, 6d, per annum, assuming the scrapers to be used 
once in three years, while the amount of water passed 
through the pipes after twice scraping was 56E1 per 
cent. more than it was before they were cleancd. At 
Oswestry the result of cleaning was an increase in de- 
livery of 54,4 per cent., and the cost of the operation was 
21/. 10s. per mile, an amount which would of course be 
largely reduced if the first cost were spread over a series 
of years, although more expense and delay were incurred 
here than at Lancaster, on account of the numerous sto 
pages from stones which had found their way into the 
main. The scraper is manufactured by the Glenfield 
Company, Limited, k. 





NOTES FROM THE SOUTH-WEST. 
Bristol Docks.—The Bristol Docks Committee have 
issued the annual account of the Dock Rstate for the year 


ending » 1880. The revenue from all sources amounted 
to 59,4281, The ordinary was: For main- 
tenance, Ceedeing, salaries, &o., 15,0881. ; ae vue charge, 


interest and making 
zotal of 51,4091., leaving a balance of 80 a, Theex- 


was a of 17,684 tons of ‘ 
of 1381. in dues. The chief falling off was in the 
ey og trade. to 


ormation from 
present rate is not in uniformity with the Midland scale. 


Re-opening of a Railway.—There is a t of tie 
Sag SES Tn fda 
are now 
station, and it 


for a new from may 
inheuwed hah Abotereinns will be on the onciern aide of 
the river. poate cquing of Cin inoue bea boon 
to the pu and advantage to Swansea. 
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for some time, are about to re-start. In the present state 
of trade, and with the enormous supply at hand, these re- 
starts are looked upon as bold steps on the part of the 
proprietors ; so long as the market is so long will 
prices keep low. 


Neath Merthyr Collieries.—These collieries, about which 
there has recently some litigation, have been re- 
started, and will in a few days be in fall work. It is re- 
ported that Mr. Robinson Smith, of Swansea, the solicitor 
, has taken the collieries into his owa hands. 
The works in fature be carried on vigorously. The 
coal is well known for its suitability for steam locomotive 
purposes, and the close proximity of the works to Neath, 
where the new harbour is being formed, is a great advan- 
tage to shippers as well as to the proprietor. 

Newport.—The arrivals last week were numerous both in 
ballast and in cargo. A number of ships are on their way 
here from Bilbao and Mediterranean ports. Several car- 
oy Cavelpens saat pittrood te Tealinn bettone fre 
one or two cargoes of pitwood in ms from 
Bordeaux. Several steamers have left with iron for the 
United States, Montreal, &c. The demand for ships to 
take iron to the United States is ye considerably. 
There is no advance in price of steam . The imports 
of iron ore reached 13, tons last week, as against 9199 
tons in the previous week. The quantity of iron exported 
reached eood tons, as compared with 2118 tons in the pre- 
vious week. 


NOTES FROM SOUTH YORKSHIRE. 
SuEerriztp, Wednesday. 

Traction Engines on Tramways.—Seme very interesting 
experiments have just been le at Nottingham on the 
tramways with a traction engine manufactu by Messrs. 
Hughes and Co., ef Loughborough. Inclines of 1 in 13 
were q the result was most satisfactory. A 

rate of 20 miles per hour on level ground was attained. 
New Railway in North-East Yorkshire.—The North- 
Eastern Railway are making a new branch railway from 
Pickering to Scarborough, in order to shorten the route be- 
tween Scarborough and Whitby. The line will be 16 miles 








in length from point to point, and will be completed next | #¢@! 


year. 

Hull and Barnsley Railway Bill.—In order to ex- 
pedite the hearing of this Bill it has been assigned to a 
committee by itself, of which Mr. Leverson Gower is the 
chairman. 

The Check System.— Messrs. Newton, Chambers and Com- 
pany, of Sh » who employ 3000 men at their Thorn- 

iffe Iron Works and ieries, have given notice that in 
future they will have to work under the check system. 
The,workmen are to commence at six o’clock each morning, 
leaving off at five, except on Saturday. The piece men leave 
off when they like. 


Filey Harbour of Refuge.—The Filey Fishery and Har- 
bour pany, Limited, are desirous of increasing the 
harbourage of their port and are seeking powers to do so. 


The Po. pew alterations would cost from 150,0001. to 
180,000/., and would increase the proposed depth of the 
harbour to 24ft. at low water and 40 ft. in high water. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was 
rather a thin attendance on ’Change at Middlesbrough and 
very little business was done. Prices were still more in 
favour of buyers. No. 3 Cleveland zig changed hands at 
35s. 9d. per ton, warrants being quoted at 37s. 6d. per ton. 
Messrs. Connal and Co., the warrant storekeepers, now 
have a stock at Middlesbrough amounti 84,488 tons, 
which is an'increase of 650 tons since last Tuesday, but only 
an increase of 85 tons on the monthof May. They are now 
receiving at Middlesbrough between 300 and 400 tons Ba 
day. At Glasgow they have a stock of 444,000 tons. The 

cial statistics of the Cleveland Ironmasters’ Associa- 
tion are being anxiously looked for. Shipments of pig 
iron are very active, but those are not a true indisa- 
tion of the t condition of the pig-iron trade, as 


of the blast furnaces in this district wi blown 


y 
out. 
The Finished Iron Trade.—There is nothing new to 
in connexion with this branch of the staple industry. 
The price of plates has fallen to 61 bo ny in 
8 . ’ 
are 61. 7s. 6d., iron rails 52. 15s., iol eoaaion thee 
5s. 10s. per ton, all less 24 per cent. on trucks at works. 
There is again some for old iron rails for America. 
Tronfounders have a amount of work on hand. Rail- 
way chairs are in better request. 
Ironworkers and the Wages 
the Board of Arbitration was 


ion. —A meeting of 
at Darlington on Mon- 


the accountant, Mr. Waterhouse, of London, | ° 


» and 
a led and explained how he had arrived at the average 
figures which he issued, 
scale is regulated. The representatives of the 
thoroughly satisfied with the explanation. 

Engineers and Shi 
there is activi 
shops 


men were 


at the shipyards and 
i which will aff 

rs have a 
makers are occupied. 


The Coal and Coke Trades.—In the coal trade there is 
general dulness. There is a fair demand for double- 


employ- 


y from Stettin, and | ° 


and upon which the wages sliding ‘ 


ilders.—On the northern rivers c 


screened nuts at last week’s rates. Steam coal is easier. 
as 11s. per ton. 


NOTES FROM THE NORTH. 
: Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Thursday’s 
quiet with a m amount of business 








done at from 


45s. to 45s. 2d. cash, slowly improving to 45s. 3}d. cash 
and one month fixed, and closing at 45s. 24d. one month 
fixed done. The afternoon market o; very quiet at 
45s. lid. one month fixed, then 45s. 2d. cash was , im- 
proving again to 45s. 3d. and 45s. 2}d. to 45s. 3}d. cash 
cee) eee ing semsiaally of Be point. Only a 
imited amount of business was done. Quietness wasagain 
a very modera: 


rule in the market on Friday forenoon, with 
business done at 45s. 3d. to 45s. 44d. 


The market was a shade quieter 
with the quotations 2id. per ton under 
Seceen was done in the 


a ton less. There was a pretty large business 
urin le 

month fixed, the market closing with buyers still at those 
prices. Yesterday’s market showed considerable ‘de- 
pression, and sellers were more numerous. There was con- 
sequently a farther reduction in prices to the extent of 34d. 
per ton, making a fall of 6d. onthe two days. In the fore- 
noon transactions took place at from ‘45s. 1d. to 45s. cash, 
and in the afternoon at from 45s. to 44s. 10d, cash, the 
market closing with sellers at the latter and buyers at 
44s. 9d. cash. The market opened this f with 
44s. 74d. ten days accepted, then a large business was done 
at 44s. 6d., 44s. 7d, and again at 44s. 6d. cash, and one 
month fixed; and the close was 44s. 64d. cash paid. Quiet- 
ness was the rule in the afternoon, and business was done 
at 448. 6d. to 44s. 5d. cash and one month fixed, improving 
in to 44s. 6d. cash and 44s. 7d. one month, and closing 





with sellers at 44s. 7d. cash, and buyers 1d. per ton less. 
No specially decided feature has shown itself in the market 
during the past week. ‘“‘ Bears’’ are dis to cover in 
their former sales as the price recedes, but buyers do not 
incline to follow the market up, and the tendency is still 
towards flatness. The outside public continue to invest in 
warrants, and the fact may in some degree account for the 
comparatively limited extent to which prices have receded. 
On the other a the te = = . ~ map 
rospects are discouragin rs. is certain 
the demand is coootiinaly quiet. Several makers have 
reduced the prices of special brands as much as 2s. or 3s. 
per ton, but it is quite possible to secure second-hand 
parcels at prices even under the official quotations. America 
may be said to be at present out of the market, and on the 
Te of the Continental consumers and merchants very 
ittle pig iron is being bought. The old contracts for 
America have almost all been completed, and in conse- 
uence the shipments now begin to show a considerable 
falling off, being decidedly under those made a twelvemonth 
ago. It is not ex 
some time to come will be more than from 10,000 to 11,000 
tons per week. About this time last year something like 
6400 tons were being absorbed through consumption in 
Scotland and deliveries by rail; and in the present con- 
dition of the manuf: iron trade, it is eH antici- 
ted that the demand under those two heads will exceed 
That quantity ; but even allowing it to reach 7000 tons, 
that would give a total of 17,000 or 18,000 tons for con- 
sumption and shipment, whereas from the 116 blast fur- 
in actual cosien there is an estimated weekly 
make of about 24,000 tons, thus giving a surplus of about 
added to the stocks in the public 
warrant stores and the makers’ yards. The stock in Messrs. 
Connal and Co.’s stores at the end of last week was 443,472 
tons, showing an increase of 802 tons for the week. 
The Malleable Iron Trade.—Following up an intimation 
gine peme time ago, the malleable iron firms throughout 
kshire have reduced the wages of their employés 
124 per cent. in the case of hammermen, shinglers, — ny 
&c., and 1s. 3d. per ton on puddled iron. As might be 
, there is a large amount of dissatisfaction amongst 
the men, but they are quietly submitting to it, as they 
find that trade is in a very unsatisfactory condition. Some 
mills are running short time, and for the comparatively few 
orders that are in the market there is a keen competition. 
At least two of the le: firms in Glasgow have intimated 
a redaction in the price of bar iron this week to the extent 
of 20s. per ton. 
The New Wishaw Railway.—The new railway through 
Wishaw, connecting the Caledonian Com 8 main line 
with their central station in Gordon-street, » and 
ing from Carfin 





Fairlie Railway.—Another new line of railway was 









































Coke is cheaper, blast furnace qualities being offered as low 


market was 


that the average shipments for has dra: 


oes yesterday, forming part of the Glasgow and South- 
estern Railway Company’s system in Ayrshire. Two or 
three years 7. 8 was from Ardrossan 
onwards to West Kilbride, from which it has now been 
extended to Fairlie on the Firth of Clyde, and from which 
lace there is ready access to many i al 

shores of the Firth. The whole distance from St. 
Enoch Station, Glasgow, to Fairlie can be accomplished in 
one hour and twenty minates. 

rigerating Machinery.— The Bell-Coleman Me- 
chenleal Refricorater Company have received orders from 
the New South Wales Government for powerful refrigerat- 
ing i for the Sydney Public Abattoirs. The ma- 
chinery is to be built under the —— of Mr. John 
Fowler, the consulting engineer in London to the New 


te | South Wales Government. 


Glasgow Iron Works Boiler Ezxplosion.—It is reported 


; | that the official investigation into the circumstances con- 


nected with the lamentable boiler explosion at the Glasgow 
Tron Works, has now been completed by Mr. W. A. 
Brown, Procurator-Fiscal for the burgh of Glasgow. Up- 
wards of eighty witnesses were precognosced, and the 
whole case has now been reported to the Crown legal offi- 
cials in Edinburgh, with whom it rests as to what action, 
if any, is to be taken in the case. Some time ago the chief 


* | engineer of the works, Robert Rutberford, was taken into 


custody in connexion with the explosion, but at present he 
is out on a bail-bond, which, of course, he will have to sur- 
render in the event of a trial being decided on. 


The Tay Bridge.—The petition of the North British 
Railway Company ing that the House of Commons 
should dispense with the i and allow them 


Orders, 

to lodge a petition for a Bill for the reconstruction of the 
Tay Bridge came before the Standing Orders Committee 
inst Friday, when the acy of the petition was agreed to. 
Mr. Henry Law, C.E., the tleman who had so much 
work to do for the Court of quiry was at the wreck of 
the bridge again last Saturday and Monday, and on behalf 
of the Commissioners a number of additional photographs 
of the wreckage have been taken. 


Government Loan to Anstruther Harbour.—The Public 
Works Loans Bill introduced by the Government into the 
House of Commons includes in its provisions a clause giving 
the Works Commissioners power to remit the interest on 
the loan of 16,5001. advanced to the Anstruther Union 
Harbour Commissioners, on account of the revenue of the 
harbour not being more than sufficient to meet the payment 
of 501. to the Town Council of Anstruther Easter and the 
charge for maintenance. 

Glasgow Technical College.—It is now contemplated to 
institute a department of marine engineering and ship- 

ilding in connexion with the Glasgow Technical College. 
The only department yet in existence is that of weaving. 


ENGLISH COAL IN Paris.—The quantity of English coal 
carried to Paris last year by the Western of France Rail- 
way was 89,000 tons. The corresponding total for 1878 
was 64,000 tons. ; 








ANOTHER CANAL Prosect.—M. Lepinay, to whom the 
task of investigating the question of a canal connecting 
the Bay of Biscay with the Mediterranean was committed, 

wn = report. The canal, M. Lepinay proposes, 
starts from Bordeaux, and would emerge, after traversing 
252 miles, at the ancient port of Narbonne. The number 
A wey ye be + l S hoes 492 &. 2 as to 
low the passage ships . long. e th is 
27 ft. 9in., and the breadth, where the canal is of single 
width, is 184 ft. at the surface of the water, and 262 ft. 
where it is double, the aggregate h of the latter 
amounting to 112 miles, or 45 per cent. of the whole length. 
M. Lepinay estimates that, with the aid of engines of 600 
to 1000 horse power, an average speed of 9} miles an hour 
might be obtained ; and in this way the journey from 
Bordeaux to Narbonne might be made in about 48 hours. 
From sea to sea the journey would take 54 hours, thus 
making in a voyage from Malta to Brest a matter of four 
days’ gain for steamers going eight miles an hour, and of 
nearly 30 hours for the aoe Pe gee ing 16 miles an 
hour. The estimated cost of the canal is 22,000,0001. 


Lonpon Water Supriy.—On Friday last a deputation 
of the Metropolitan Board of Works waited on Home 
r . Sir James Hogg, M.P., the chairman, on intro- 
ducing the deputation, stated the views of the in re- 
ference to the fature of the water question. He observed 
uld be i the aid in their 





pant ee to continue even if 
monopoly of the companies should have to be 
i an entirel, — supply 
re- 
purchase the existing panies. This Home 
30,000,0002. He con- 
first duty was Board and other 
should carefully 2 yor character of the 
a 


or basis for 
of the Government 
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NOTICES OF MEETINGS. 

SocreTy OF ENGINEERS.—On Monday, 7th inst, at 6, Westminster 
Chambers. A paper will be read on “ Sensitiveness and Isochronism 
in Governors, by Mr, Arthur Rigg. The chair will be taken at 
half-past seven o'clock. 

PHyYsicaAL Socrety.— Saturday, June 12th, at 3 pm. The 
following communications will be made: ‘On the Earth’s 
Rotation as influenced by Solar Energy,” by Dr. R. OC. Shettle. 
pe _ = a Simple Method of Amplif: Small Motions,” by BR. 

. Ridout. 
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TEN YEARS OF ENGLISH 
TELEGRAPHY. 

Ir is now ten years since the inland telegraphs 
were transferred from the private companies work- 
ing them at that time into the hands of the Govern- 
ment, and it may be both interesting and instructive 
to examine the progress which has been made in the 
interim. Impressed with this idea, and doubtless 
conscious that the results would not appear un- 
favourable to the official management, Mr, Edward 
Graves, of the Postal Telegraph Service, has made 
a study of the subject, and communicated his con- 
clusions to the Society of Telegraph Engineers. 

It is tolerably well known that the use of the 
telegraph in this country was at first commenced in 
connexion with railway work. In 1837 Mesers. 
Cooke and Wheatstone’s five-needle telegraph was 
tried successfully on a small scale by the London 
and Birmingham Railway Company, near London, 
Subsequently it was tried by the Great Western 
Railway Company between Slough and Paddington, 


and its use was gradually but aay extended to | char, 
e 


the most important trunk lines. The primary object 
of these telegraphs was the exchange of m 
necessary for expediting the railway service ; but it 





was soon found that the public would employ the 
telegraph if it were thrown open to chem, and the 
railway waarees therefore, allowed their clerks to 
forward public messages, as a favour, upon payment 
of high rates. In this way, then, commercial tele- 
graphy was grafted upon railway telegraphy, and 
both grew together. 

In 1846, nine years after the first line had been 
put up, the first telegraph company—namely, the 
‘* Electric”—was incorporated. Its object was prin- 
cipally to erect lines for the railway companies, and 
—so little was the public support reckoned on at that 
time—to transmit public messages in the spare time 
available. ‘Thus arose the expensive claims on the 
part of the railway companies which had to be settled 
when the Government took over the lines. 

As time went on, however, and the public service 
increased, it was found that the telegraph companies 
were better and better able to dispense with the 
railway work, and there was a growing differentia- 
tion of interests before the transfer of the lines to 
Government. Some of the railway companies had 
separated from the telegraph companies. leaving the 
latter to confine themselves to — messages, 
while others had started a public business of their 
own. The lead of the Electric Telegraph Company 
was followed in 1850-51 by the formation of the 
British Telegraph Company, the European Tele- 
graph Company, andthe Magnetic Telegraph Com- 
pany ; and after various vicissitudes, all these com- 
panies, or what remained of them, ted 
under the title of the British and Irish etic 
Telegraph Company in 1857. Some three years 
later, in 1860-61, the United Kingdom Telegraph 
Company, which had been projected many years 
before, assumed a practical existence, and it was the 
first English company which was quite independent 
of railway messages. About the same time various 
local companies were established, such as the London 
District Company, afterwards known as the London 
Provincial Company ; the Bonelli Telegraph Com- 
pany, working between Manchester and Liverpool ; 
the Economic a Company, and several 
others. The Unive Private Telegraph Com- 

y, having for its object the erection of private 
ines, was also started in 1861. 

‘In 1869,” = Mr. Graves, “there were exist- 
ing in the United Kingdom no less than twenty- 
nine separate ee specially devoted to the 
transmission of telegraph messages, wholly inde- 
pendent of railway companies, who employed their 
wires secondarily forthe same purpose. These under- 
takings varied in magnitude, from the Electric 
Telegraph Company, working throughout the whole 
of the United Kingdom, to the Tavistock and 
Princetown Company, which possessed one wire a 
very few mileg in length, but all had to be acquired 
when the State was granted the monopoly of the 
transmission of messages for money; and, besides 
the land lines, it was necessary that the cables 
reaching to the Isle of Man and the Channel 
Islands should also be purchased. 

‘‘ There were certain railways which were carry- 
ing on telegraph business on a comparatively large 
scale. The districts <a for exampie, by the 
South-Eastern Railway, the London, Chatham, and 
Dover Railway, the London, Brighton, and South 
Coast Railway, and the North British Railway Com- 
pany had either never been wholly handed over to 
the telegraph companies, or had been taken out of 
their hands, so far as it was in the power of the rail- 
way companies to do so prior to the date referred 
to, i.e, 1869. . .. 

‘‘In some instances a telegraph company and a 
railway company treated with each other as inde- 
pendent powers, but worked amicably. For ex- 
ample, the North British Railway Company and the 
Electric Telegraph Company were allied, but neither 
was annexed, so to , by the other. The North 
British Company possessed certain poles on its line, 
and, say, from Berwick to Edinburgh, the Electric 
‘Velegraph Company were entitled to have certain 
wires on those poles, and to work them from any 
point not on the railway, for their own benefit and 
at their ms - — other ent the a 
company picked, u e@ messages they co at 
rer gp" stations, and, if they were enabled to 
deliver them at another station, did so, retaining 
the receipts themselves. If they were not able to 
carry a message to its destination they handed it 
over, say at Edinburgh, to the telegraph company, 

ing their own rate to that place and the tele- 

grap er’ rate from it to the distant station. 

us it will seen that in this case there were 
two distinct interests upon the same ground,” 


This unsatisfactory state of things at my 98 pro- 
duced a public agitation in favour of the Govern- 
ment taking the whole of the lines under its own 
control, and in 1868 the Telegraph Act was intro- 
duced. At this time a monopoly was not contem. 

lated in the Act, and Mr. Scudamore did not ask 

or it; but before the Money Bill to provice funds 
for the purchase of the lines was authorised in 1869 
the authorities had seen fit oe a@ monopoly. 

The year 1869 being a tion period, little 
on was made by the private companies; and 

. Graves has chosen to compare the state oi tele- 
graphy then with that existing in 1879, after ten 
ree of Governmental management. We shall give 

is results as briefly as possible in order that the 
comparison may be more effective. 

First as to the lines: In 1869 they extended across 
the length and breadth of the whole ~~untry from 
Penzance to Wick, and from Lowestoft to Gaiway, 
and the last ten years have only extended them to 
Scilly on the south and Shetland on the north. 
But the number of local lines has been greatly in- 
creased since 1869, and a ect network now 
covers the entire country. 1869 the lines ran 
only to the towns and cities where they cculd be 
made to pay, now they run to every village irre- 
spective of commercial considerations, In 1869 the 
total number of offices was 2488; in 1879 it was 
5331, a number quite inadequate to — the in- 

convenience to the public. 1869 the 
total number of messages transmitted was between 
six and seven millions; in 1879 the number sent 
was 26,547,137, representing an increase of morethan 
fourfold, In 1869 the total length of wires employed 
for commercial traffic was under 50,000 miles; in 
1879 that used by the Post Office was 102,656, in- 
cluding 54,067 miles on railways, 46,784 on roads 
and canals, and 1805 of local submarine cable. In 
1869 the number of instruments in use was about 
2200; in 1879 it was 8151. And here it is in- 
teresting to note that while the number of messages 
has increased four times, the number of instru- 
ments has been multiplied in the same ratio, a fact 
which does not express the greater efficiency of the 
new over the old instruments. Only two Wheat- 
stone automatic instruments were used in 1869; in 
1879 there were 173 going. 1n 1869 there were 
no ‘*sounders” and no duplex or quadruplex in- 
struments employed; in 1879 there were 1374 
sounders in operation, 392 duplex, and six quadru- 
plex which quadrupled the carrying capacity of siz 
wires, 

The efficiency of several instruments has also 
been raised by the Post Office elect~*sians. ~ For 
example, Wheatstone’s automatic instrmuent, which 
in 1866 could only send 60 words a minute over a 
No. 8 wire 280 miles long, can now send as many as 
200 words a minute over a line of the same gauge 
300 miles long. In 1869 the total length of sub- 
marine cable employed within the limits of the three 
kingdoms and exclusive of the lines to the Continent 
was 121 knots divided amongst 58 cables. In 1879 
there were only about three miles of pneumatic tubes 
in operation, and belonging to the Electric'l'elegraph 
Company: in 1879 there were nearly 28 miles, 
including 21 miles in London, and over six 
miles in other provincial towns. In 1869 the 
number of towns supplied with press teleg:ams was 
only 144, comprising 173 newspapers and 133 other 
subscribers; in 1879, 313 towns, comprising 518 
newspapers and 288 institutions, were supplied. 
The number of press words transmitted shows the 
advance still more, In 1869 the daily average of 
words varied from 4000 in the non-Parliamentary 
season to 6000 when the Houses were sitting; in 
1879 the prea ome | numbers were 24,000 and 
37,000 words. This literary torrent is launched by 
the two great press agencies, and as the same 
messages have to be ed to different places, 
often as many as half a million words are despatched 
from the central telegraph station at St. Martin’s-le- 
Grand in a single night. Besides this, from 30,000 
to 70,000 w: per diem are sent as special reports 
from “ our London its” to the provincial 
newspapers, without including the traffic over 
“ private” wires leased by newspapers for their own 
use, In 1869 the private wires amounted to 2525 
miles, worked by 1466 instruments; in 1879 to 
6550 miles, worked by 3824 instruments, or includ-. 
ing railway service and canal service wires, 9269 

es worked by 4607 instruments. And here it is 


to be remembered that the Post Office has no- 


mono’ of private wires for business purposes. 
In 1869 4 force of 2514 clerks, including 479 females, 





were employed to work the lines, and 147] mes- 
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sengers; in 1879 there were 5611 clerks, including 
1536 females, and 4648 messengers. As re 
the earnings of the British telegraphs in 1869, Mr. 
Graves estimates the gross receipts at not more thaa 
700,000/, ; whereas in 1879 the Post Office took 
1,436,000/,, or saore than double the former sum, 
Moreover, it is at length certain that the Govern- 
ment telegraphs are practically remunerative, the 
balance-sheet for the financial year ending March 31, 
1880, showing almost an equilibrium. 
These figures unquestionably prove that there has 
been a great development of English telegraphs 
during the past ten years. Whether there would 
not have been quite as large an increase had the 
lines remained under private management is of 
course impossible to tell, for we have no reliable 
means of comparison, It —— to content us, 
, that the pro; m so great as it 
pert wisely ceanagel tole better that the telegraphs 
of a country like ours should be under the single 
control of the State; and that the management has 
been on the whole good would seem to evident 
from the above statistics, — —~ ose —_ that tele- 
hic activity is ter ng than in any 
other Continental paar Now that the Post 
Office has been able - make ‘‘ both —_ meet” we 
may expect a still further progress ; and it is grati- 
fying to hear from Mr. Graves that 5000 miles of 
new trunk lines will be erected this me to meet the 
growing requirements necessitated by the expected 
increase of business, For two or three years past 
the use of the telegraph has not advanced, owing to 
the dull trade, but it is now increasing at a varying 
rate of from 10 to 22 per cent. per week, a fact 
which unmistakably indicates the genuineness of 
the trade revival. 





THE AMALGAMATED ENGINEERS. 

Tue twenty-ninth annual report of the Society 
of A Engineers, giving an account of 
finances and work for the year 1879, is a most inte- 
resting document, and deserves special study for 
many reasons. In the opening sentences of the 
report the secretary says: ‘‘Those who care to 
refer to the report of last year will find it there 
stated that the year 1878 was, up to that time, the 
worst year ever experienced by the Society. All 
our hopes were then based upon the expecwation of 
a better year in 1879, but, alas! 1879 turned out to 
be incomparably worse than any year that had 
gone before, and will we trust stand always alone 
as the blackest yearin all our history.” The figures 
about to be quoted will prove the accuracy of the 
above remarks, and in the sense in which the 
expression “ blackest year in all our history” is to 
be understood. 

The report for 1879 is a voluminous one ; it con- 
sists of 408 large octavo Pages, and 24 of intro- 
ductory matter, including tables and summaries of the 
Society ; financial transactions from 1851 to the end 
of 1879. Branch reports alone occupy 264 pages ; 
in these full details of the income and expenditure 
of each branch are separately set forth; these 
om are tabulated, so as to present a bird’s-eye 
view of the whole, the abstract itself requiring no 


fewer than 20 to classify the numerous items 
under their proper heads. The list of the names of 
mem who have received grants from 


the benevolent fund, together with the particulars 
relating thereto, cover 46 pages ; the list of deceased 
members and their wives fill 34 es; and the 
list of admissions and exclusions during the year 
26 pages, 
At the end of 1879 the Society had 401 
branches, being a gain of two during the year; 
these were distributed over the globe in the follow- 
ing proportions: England and Wales 291; Scot- 
land 4] ; Ireland 14; Australia 9; New Zealand 4; 
Queensland 1; Canada 6; United States 30; East 
Indies 1; Malta 1; Turkey 2; France 1. It is a 
point of some significance that the trade union 
roper has never found a permayent home in 
yermany, = Austria, or Russia ; the restraint 
of personal liberty in these countries is no doubt 
one of the causes, but there may perhaps be others 
that we know not of, As to whether these countries 
are or are not the gainers by the absence of these 
societies from their midst is a question upon which 
men will differ ; here the fact is simply noted. 

At the close of 1878 the total number of members 
was 45,408 ; at the close of 1879 there were 44,087 
members, showing a decrease of 721 during the 
year, The record shows that 2]55 new members 


arrears and other causes. Many of the latter are 
perhaps only temporarily lost to the Society 
through being on travel, or not able to keep up 
their payments; these will return as soon as trade 
revives. The complaint is often made that those 
who draw the largest benefits are the first to run 
out of the Society ; but this seems capable of expla- 
nation in this way: the fact of their having been 
on the funds for so long a time shows that—with 
certain exceptions—they were the more necessitous, 
and not having found work were unable, when the 
weekly pay ceased, to keep up the contributions. 
Not a few, perhaps, might be classed with the dissi- 
pated, indolent, and incompetent—an expensive set 
at all times to society. 

Notwithstanding the badness of trade, or rather 
in consequence of in a certain sense, the total 
income was in 1879 the largest ever contributed in 
one year to the Engineers’ Society, or indeed to any 
other trade union. It amounted to 135,267/.10/. 14d., 
or 11,3852. 16s. 94d. more than in 1878, Vast as 
the total income was it would have been greater by 
15,174/. if all the arrears due by financial members 
had been paid up at the end of the year. This sum, 
therefore, may be reckoned as an asset, inasmuch as 
only the arrears of bond fide members are included, 
those out of “limits,” that is, owing more than 
13 weeks’ contributions, not being regarded as 
financial members, as they are out of benefit; the 
asset ceases with the liability and vice versd. 

The net income of the Society in 1879, exclusive 
of remittances from one branch to another, or to the 
general council, was made up as follow: 





- £ s. d 
Contributions, fines, and levies... 126,056 0 8 
Proposition money and entrance 

fees qn eee eee ‘es 2,084 16 6 
Rales, eards, reports, emblems, 
and shop lists ... eco eve 109 3 3 
Cash returned, benefits overdrawn, " 
and samara sos hie 883 12 4 
Bank interest—lodges and central 
funds... ove ay naa 5,626 10 11 
Balances of closed lodges and pro- 
perty sold oe sd ose 30 6 8} 
Errors, surpluses, and miscel- 
laneous eee eee oT 476 19 9 
£135,267 10 1} 


This lange amount is explained by a reference to 

the monthly report for December last, in which it 
appears that in addition to the weekly contribution 
of 1s.'per member per week, 27 levies were put on 
during the year, amounting in the aggregate to 
1/. 28. 9d per member. The fact that this hea 
additional tax was duly paid with a loss only of 721 
members, deaths included, shows that the members 
have faith in their society, and are prepared to make 
some sacrifice in order to sustain it in the hour of 
trial and trouble. 
The total expenditure for the year was 245,826/. 
1ls. 10d., being an increase over the previous year, 
1878, of 98,3507. The principal heads under which 
this enormous sum was expended were as follows: 





£z s. d. 
Donation, or out-of-work benefit, 
travelling, &c. ... “a «» 181,101 3 10 
Sick benefit, medical certificates, 
and stewards... wy se 26,514 17 2 
Superannuation allowance to aged 
mem Aes pose yin hea 17,730 6 8 
Accident benefit, total or partial 
disablement... ade as. o™ Zeer @ 
Funerals, members, and members’ 
WiVAS —s ave an oe os 7,387 12 7 
Grants from benevolent fund to 
distressed members __.... < 6,378 13 4 
Loss of tools by fire, and grant 
to Parliamentary Committee ... 23 0 0 
Total paid for purely benevolent 
purposes ... eee ove -» 191,015 13 7 
Of the above amounts one item deserves special 


notice, namely, donation benefit, The engineers 
were the first to make provision for members out of 
work ; the wisdom of such provision, if properly 
controlled, is unquestionable; its usefulness was 
never somarked as now. During last year the aver- 
age number on the fund was 5879.9; the highest 
number in one month—April—being 6889, and the 
lowest in December, when it was 5028. ‘That the 
Society was able to succour so vast a proportion of 
its members, and to maintain its tion, is note- 
worthy, The amount so spent in 1879 was greater 
than in 1877 and 1878 put together, 

In addition to the foregoing the sum of 18,850/. 
15s. 4d. was spent on contingent benefit; and 
20,551/. 48. was expended under the head of “ grants 


of disputes of one kind and another during the year. 
The larger sum, 20,551/. 4s., was spent in resisting 
encroachments, either in the shape of reductions of 
w , or extension of working hours; 12,246/. of 
it having been incurred in defending the nine 
hours’ system, and 8410/. 13s. in endeavouring to 
maintain the rates of wages in seventeen large towns 
in the United Kingdom. The smaller sum, 18,850/. 
15s, 4d., also belongs to this category, representing 
as it does an “additional benefit of 5s. per week 
to members out of work through resisting encroach- 
ments on trade privileges. e total cost of dis- 
putes was 39,401/. 19s. 4d., ‘an enormous develop- 
ment of the ry | strike expenditure of the Society,” 
as explained in the report, and mostly the result of 
depression in trade. 

The expenses of management in a society of such 
gigantic proportions as that of the engineers must 
necessarily be great, though, as the following figures 
will show, they were not extravagant. The sub- 
joined summary gives the total cost in connexion 
with the whole of the branches, district offices, and 
central office in London : 


2 s.d. 
Printing and stationery ... a 3,332 3 9} 
Postage, s, telegrams, 
money orders, &c. ... aa 782 3 6} 
Rent of lodge rooms, central 
offices, fuel, gas, rates, &c. ... 1,791 16 2 
Salaries : 
Branch secretaries and those of 
the central and district offices 8,112 0 6 
Branch treasurers and auditors, 
local and general eee a 1,154 18 7 
Other branch officers and com- 
mittees ... ese aod bas 1,724 3 8 
Central and local district com- 
mittees ... ese tpn bh 1,133 5 6 
Local council meetings ... pm 48616 9 
Delegations and loss of time on 
business ... ie me on 203 8 5 
Banking expenses, trustees and 
treasurers ose ove oan 627 6 3 
Total cost of management 14,348 3 2 


A small portion of the above is returned in the 
shape of payments for reports, rules, &c.; the cost 
of management is therefore about 10 per cent. of the 
income, 

Among the miscellaneous items of expenditure 
are to be found proposition money, entrance fees, 
and contributions returned, 144/. 5s. 4d.; purchase 
of new property and repairs, 263/. 10s. 10d. ; law ex- 
a 342/, 98. 10d. ; depreciation of currency in 

oreign branches, 141/. 9s. 10d.; errors, deficiencies, 
and bad coin, 29/. 7s. 5d.; the remainder was made 


YY {up of unacknowledged remittances, branch re- 


movals, and insurance, 239/. 12s. 6d. 

The general office accounts, although included in 
the foregoing totals, are separately given. The in- 
come amounted to 5049/. 16s. 9d.; contributed by 
22 branches, The expenditure was 5130/. 10s. 7d., 
less 200/. remitted to chester 3rd Branch. The 
disbursements included 486/. 16s. 9d. for 295 council 
meetings, eight of which were day meetings; 
general secretary’s salary, and two assistant secre- 
taries, and other office assistance, 554/. 13s. 8d. ; rent, 
rates, and taxes, gas and fuel, 172/. 5s. od. ; 59 
district committee meetings, 172/. 10s. ; the bulk of 
the remainder was for printing, stationery, postages, 
parcels, and other necessary expenditure, the whole 
of which are particularised, and included in the 
general accounts. 

The balance in hand at the end of the year was 
141,116/. 6s. 10d.; at the close of 1878 it was 
251,675/. 8s. 6d., showing a decrease in the year of 
110,559/. 1s. 8d. To the above balance must be 
added, as an asset, the arrears amounting to 
15,209/. 19s, 7d., making the total worth of the 
Society 156,326. 6s. 5d., exclusive of branch and 
other properties, and stock of various kinds. 


. 


The gross amounts _ away as benefits during 


the past 29 years are thus summarised : 
Per Member. 
Donation (out-of-work) z £ s. da. 

benefit ... wa ees 939,469 33 1 5} 
Sick benefit >i “ 392,017 13 1 7 
Superannuation allow- 

@Nnce s+. és 171,227 416 6} 
Accident benefit 32,500 113 3 
Funerals ... Pr ooo 125,719 426 
Benevolent grants seo 43,402 140 
Assistance to our own 

and other trades 43,468 1 5 10} 





Grand total .. 1,747,802 59 5 3} 
The death roll for 1879 was a heavy one; it in- 
cluded 533 members, and 33] wives of members. 
The vast majority srccumbed to lung diseases and 








were admitted, and that 2876 were excluded for 


to our own trade.” These sums represent the costs 





paralysis. The total number assisted out of the 
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benevolent fund was 2368. Speaking of the work 
of the Society, the report says that the figures con- 
tain “‘ the record of a greatand worthy year’s work, 
the funds for which have been obtained by the care 
and forethought of past years. We have been 
severely tried, but we have not yet been found 
wanting. All our obligations have been met to th 
uttermost farthing, and a great balance still remains 
behind to form a stepping-stone to further accumu- 
lations.” 

With regard to foreign competition, the report 
contends that ‘‘ foreign manufacturers and our own 
colonies clamoured for protection against British 
goods, and that America, in spite of a heavy pro- 
tective tariff, was unable to do without our produc- 
tions.” It then quotes from the Board of Trade 
returns to show that there has not been any serious 
falling off in our exports of machinery and mill- 
work during the past three years. e figures 
quoted show that ‘ the total value of steam engines 
and all other kinds of machinery exported abroad in 
1879 was 7,282,701/.; a decrease of 215,258/. as 
compared with 1878, but an increase of 559,838/. as 
against 1877.” It further states that a substantial 
increase has already taken place during this year. 
It attributes the general depression of trade more to 
the state of home affairs than to foreign competi- 
tion. 

The ope. as a whole, is full of interest, not only 
to those belonging to the Union, but to all engaged 
in economical studies; the facts and fi Ss are 
methodically arranged, and the tables and summaries 
are so carefully adjusted that the reader will experi- 
ence little difficulty in comprehending their mean- 
ing, and understanding the conclusions intended to 
be conveyed. 








AN IMPROVED THERMO-ELECTRIC 
APPARATUS, 

Ir is somewhat singular that while most other in- 
struments of physical research have been greatly 
perfected, the beautiful invention of Melloni, the 
thermo-pile, should have been so much neglected. 
To-day, indeed, it is little better than when it left 
his hands. There are defects in the pile, in the gal- 
vanometer, and also in the manner of using the two 
combined ; and it is satisfactory to know that at- 
tention has at length been turned towards the im- 
—— of the whole apparatus. Mr. R. H. 

idout, F.C.S., has made a critical study of the 
i in all its parts with a view to eliminate 
these defects, and the result of his investigation is 
the improved thermo-pile, which he exhibited and 
described recently to the Physical Society. 


Fig.7: 
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As ordinarily made the thermo-electric metal 
junctions of the pile are too deep. Fig. 1 repre- 
sents the usual method of soldering the metals, bis- 
muth (Bi) and antimony (Sb), to form the junction 
J, and the consequence is that one side of the junc- 
tion is hotter than the other, the result being that 
a local current is set up which short-circuits itself 
through the junction. Mr, Ridout avoids this waste 
of energy by placing the bars in a glass tube T, 
and constructing the junctions as shown in Fig. 2, 
where the bismuth (Bi) is connected to the anti- 
mony (Sb) by a thin plate of compet (Cu) soldered 
on. The junction at one side is the cold, while that 
at the other is the hot ; W W are connecting wires. 
Again, the ordinary bars are too long and give un- 
necessary resistance, the mass of matter to be heated 
too great, and the junctions too thin or slender. In 
the new pile these defects are obviated by making 
the bars only one-half the old length, and using 
only a single pair. 

The faults of the galvanometer commonly em- 
ployed are that the space nearest the needles, which 
is the most effective part, is not utilised by the wire ; 
the needles are not of the best shape, and the sus- 
pension is troublesome, Mr. Ridout’s remedies 
consist in forming the wire of a flat ribbon of co 
per wound on one bobbin brought close to the 
needles, which are flat oblong. bars taken from the 





same watch-spring and magnetised in the same 

iece. They are not hung by a silk fibre, according 
to custom, but pivotted in an agate or a suby cup. 
Fig. 3 illustrates this ent, where aé is an 
aluminium frame, A B the flat coil of wire, N §, 
N S§ the needles, p the pivot, andcthe cup, . 

The thermo-pile is frequently used in conjunction 
with any galvanometer that comes first, or at any rate 
is available, quite irrespective of the fact that thers 
is a certain form and resistance of the galvanometer 
coil which will give the | ana sensidility. Clerk- 
Maxwell gives Sir W. Thomson's equation for the 
best form to give the coil; and the best effect is 
also obtained when the internal resistance of the 
galvanometer is equal to the external resistance of 
the circuit, provided the ratio of the diameter of 
the covered wire used to the diameter of the wire 
when varied, is a constant. Practically understood, 
this result, which is partly due to Professors Perry 
and Ayrton and partly to Mr, Oliver Heaviside, 
means that the galvanometer used in connexion 
with the thermo-pile should have its resistance 
equal or as nearly so as possible to the resistance of 
the pile and connecting wires. Mr, Ridout is there- 
fore in the right direction when he designs his 
galvanometer expressly to suit the pile with which 
it is to be used, and mounts them both on the same 


The manipulation of the instrument is also fre- 
quently at fault. For example, the different junc- 
tions are left to extraneous currents 0 
heat ; and the pile and galvanometer are connected 


to begin with, when in reality they should not be 


ut in circuit with each other until the pile has 

en exposed for a short time to the source of heat, 
so as to prevent the current generated itself ab- 
stracting heat from the hotter side of the pile, and 
conveying it to the cooler side, thereby lessening 
the difference of temperature between the two 
junctions and lowering the efficiency of the pile, 

As constructed by Mr. Browning, the well-known 
optician, the new instrament is very sensitive and 
simple, It consists of a single pair of bismuth and 
antimony bars 4 in. long, and ,; in. thick; the 
junction being formed by a circular wafer or fish 

late of copper about 7}, in. thick, and {in. in 
Senet, finely soldered to the ends of the bars. 
The external surface of the wafer is coated with 
bichloride of platinum overlaid with lamp-black 
fixed with very dilute negative varnish of photo- 
graphy to render it highly absorbent of heat, The 
pile is supported by stout copper terminals above 
the galvanometer on the same board, as shown in 


Fig. 4. 
rane 


Fig .4. 
aie. 








The galvanometer consists of a coil wound with 
20 turns of copper ribbon insulated with a coat of 
shellac varnish ; and a pair of astatic needles, 1 in. 
long, and }in. wide, made as already described and 
supported in an aluminium cradle on a fine pivot 
turning in an agate cup. A contact key is 
placed at one side and makes the only contact 
required, that between the pile and coil in the 
middle of the apparatus. 

The whole is enclosed in a glass shade having an 
aperture H at the height of the front of the pile. 
A glass cone protects the front face cf the latter 
from extraneous radiation, and a glass screen the 
back face. A directing magnet, N S, placed over the 
pile, is for adjusting the zero of the needles so as to 
enable the instrument to be used in any position with 
respect to the earth’s magnetic meridian. 
the apparatus the source of heat being placed in 
front of the pile, the glass shade is turned round 
till the aperture is over against the front face of 
the pile, and after some 30 seconds’ exposure 
contact is made between the pile and galvanometer 
by means of the key, and the deflection read off 
and noted, 

So delicate is the apparatus that a distinct de- 








flection was obtained from the radiation of a 
the air 


stan 6 ft. distant, the temperature of 

pes. about 12 deg. Fahr. The flame of a common 
candle affects the galvanometer when placed 3 ft. 
away. The pile shows that the walls of a room 
are at different temperatures ; and in clear weather 
the radiation from stellar space is very evident. 
The new pile is moreover very convenient and por- 
table ; according to Mr. Ridout it can be got ready for 
98 in oo gr a minute, be with the 

ermo-pile, the preparatory adjustments 
take up as much dose as the experiments ranean 








NOTES. 
Untrep States OFFICERS. 

The United States army of 25,000 men possesses 
2126 commissioned officers ; of these 1123 have been 
ana from civil life, 829 have come from the 

Academy, and 174 have been promoted from 
the The number of vacancies per annum is 
a > = aero a tments from the 

ilitary College 48, leaving 37 appointments to be 
made yearly from the ranks or from civil life. 
FRANCE AT THE MELBOURNE EXHIBITION. 

The Melbourne Exhibition, which will open on the 
lst of October next, and remain open until the 31st 
of March, 1881, will be contributed to considerably 
by French manufacturers, more than 1200 of whom 
have signified their intention to contribute. The 


f | French Government has voted a grant of 49,000/., of 


which 24,800/. is appropriated by the Ministry of Ma- 
rine for the equipment and cost of the “ Finistére,” 
which will convey the exhibits, The Ministry of 
Agriculture and Commercv has voted 20,000/., and 
the Ministry of Public Instruction, 2000/. towards the 
expense of exhibits coming within their departments. 
The Ministry of Public Works has also contributed 
2200/. for the exhibit it will make, and a commission 
has been formed for organising and arranging this 
collection. 
Tue RaiLway TO THE Bouan Pass, 

The rapidity with which the railway from the 
Indus Valley to Sibi, at the mouth of the Bolan Pass, 
has been constructed, exceeds that of any similar work 
in the United States, the vay oF of fast railroad 
building. The distance from kken in the Indus 
Valley to Sibi is 134 miles, and the railway over 
this distance was completed in 101 consecutive days ; 
the last 62 miles occupied exactly a month from the 
noon of 14th of December to the Lath of January last, 
The rails were double-headed, weighing 80 lb, and 
84 lb. to the yard, and the transport of chairs rendered 
the work heavier. The last 90 miles of the line 
runs through an absolute desert, and all food, water, 
and means of shelter had to be transported by train. 
The consumption of water by the men and animals 
was 20,000 gallons a day ; in some cases the engines 
had to run 200 miles without stopping to take water. 
It is intended to bridge the Indus at Lakken at 
once, and to extend the line ‘to Kandahar, a work 
to be completed in about two years, and which will 
give continuous railway connexion with Calcutta, 

e — of the Lakken bridge over the main 
channel of the Indus will be 625 ft. 

THE MANCHESTER INTERNATIONAL EXHIBITION, 

During the ar autumn an International Ex- 
hibition will be held at Manchester, of machinery, 
raw and manufactured ucts, &c. The exhibits 
will be divided into ten sections and eighty-one 
classes, besides miscellaneous objects w cannot 
be classified. The first section will comprise ma- 
chinery and motive power, and the various exhibits 
will be shown in be roe during the term of the 
Exhibition. The different machines will be arranged 
in the groups to which they belong. No agricultural 
implements nor machinery will be admitted, as it is 
intended to hold a ial show for objects of this - 
nature, The second section will include textile and 
other fabrics, clothing, &c., comprising india-rubber, 
leather goods, travelling equipments, &c. The third 
section for mineral products and manufactures will 
include minerals and metallurgical processes, coal cut- 
ting, stone dressing, and brickmaking machinery, and 
appliances for well-sinking and boring. The remain- 
ing sections are for carriages, saddlery, &c, ; ap- 
pliances for saving life and property; domestic 
appliances, furniture and accessories ; food } sani- 
tary appliances ; education and art. ‘The date for 
opening the Exhibition is not yet fixed, nor is the 
period for which it will remain open determined ; it 
will last probably six weeks or two months, 

Proaress OF THE Evecrric Liaut. 

Wabash, Indiana, is the first town lighted by the 

electric light. Asa means of*fnterior illumination 
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in ships, the Brush light is being largely adopted in 
America; and it has given considerable satisfaction 
to our own naval authorities. Indeed, it is reported 
that the Brush Electric Light Company have re- 
ceived a large order from Government for man-of- 
war purposes. In a few weeks there will bea com. 

titive trial of the best-known French electric 
fights those of Jablochkoff, Werdermann, Lontin- 
see &c., within the Paris Opera House. 
Lontin’s light has been considerably improved of 
late by the addition of the De Mersanne regu- 
lator; and it now burns all night at the Lyons 
and Mediterranean Railway station witbout atten- 
tion. A company has been formed to work the 
Jamin candle, and the shares are now in,the market. 
This candle, it will be remembered, is simply a 
Wilde candle of two upright rods of carbon, side 
by side, with the arc formed at their upper ends 
drawn out to a point, by means of electro-magnetic 
attraction, It remains to be seen whether it will 
prove serviceable as a domestic light. At home the 
next event in electric lighting will be the illumina- 
tion of the Victoria Extension Docks by the Siemens 
system. The length of the wharves is nearly 
10,000 ft., and they will be lit by 25 lamps erected 
on iron pillars 70 ft. above the ground. 


CHINESE ARSENALS, 

China possesses five arsenals, controlled by natives 
and man by Europeans, a mixed administration 
not calculated to produce good results. The 
Shangbai arsenal was started thirteen years ago, and 
is arranged for the construction of ships, small arms, 
projectiles, and fuses. In connexion with this are 
powder mills, ——e out 20,000 lb. a month. The 
Tientsin arsenal is devoted to the manufacture of 
powder, small arms, metallic cartridges, large pro- 
jectiles, and coast gun carriages. A few years since 
a complete plant was laid down for making Rem- 
ington rifles. The Fou Tcheou arsenal is the largest 
and most important, but is devoted almost exclu- 
sively to the building of vessels, many of which up 
to 500 horse power have been built. It is under 
French management, and possesses a well-directed 
technical school of naval architecture, marine engine 
construction, and navigation. The Canton arsenal 
possesses a good plant for making Gatling guns and 
gigantic small arms, intended by their proportions 
to produce a moral effect. One type is a magnified 
Remington, 8 ft. 84 in. long (barrel 5 ft, 8 in., stock 
3 ft.), and weighing 32 1b. The second type is a 
Spencer lock, is 7 ft. 5in. long (barrel 6ft. long) 
and is of gin. calibre. 

CoLour BLINDNESS. 

At the meeting of the Physical Society, held in 
the Cavendish Laboratory, at Cambridge, on 
Saturday May 22, Lord Rayleigh demonstrated by 
means of a mixture of blue litmus solution and red 
solution of chromate of potash, contained in a glass 
cell of a certain thickness, that the light transmitted 
through the blended colours was yellow, a fact which 
many artists will not believe. In showing this 
effect Lord Rayleigh stated that he finds an unex- 
pected diversity of appreciation of the true tint of 
the transmitted light amongst different people, one 
person, for example, deeming it greenish, another 

ure yellow, while a third considers it to be bluish. 
This is a new observation, and though allied is not 
to be confounded with ‘colour blindness,” or the 
mistaking of one colour for another, say red for 
blue. ‘True colour blindness is also more prevalent 
than has been supposed. In a recent examination 
of servants made by the Pennsylvania Railway 
Company, their acuteness of vision was tested by 
printed cards placed at a distance of 20 ft., and their 
power of discriminating colour by three skeins of 
wool, of light green, rose, and red colour laid on a 
table 3 ft. from the eye. Some of those examined 
could distinguish no difference between the green 
and red skeins; others could distinguish different 
shades of green, but were unable to distinguish 
different shades of red. The importance of searching 
tests of this kind is becoming more and more re- 
cognised in the choice of railwsy officials, so as to 
prevent misapprehension of the signals. 

Corton IN THE UNITED States, 

We extract some interesting fi from a paper 
mana: Boe by Mr. Edward Atkinson before the 
New gland Cotton Manufacturers’ Association. 
The area of the ten cotton-growing States of North 
America is over 650,000 square miles, throughout 
the whole of which is a climate suitable for 
labourers accustomed to the southern latitude of 
Europe. The impression very generally existent 
that the civil war of twenty years ago, resulted 





in the total desolation and practical abandonment 
of the cotton plantations, 1s refuted by the fact 
that during the last ten years 6,459,303 more 
bales have been grown than were produced 
during the ten years before the war. Last year the 
total was the largest ever realised —5,073,531 bales. 
The value of the produce during the last five years 
by free labour was 200,000,000 dols. more than that 
of the produce of the five years preceding the war. 
The total value of the last ten crops bas been nearly 
3,000,000,000 dols. Cotton seed contains from 8 to 
10 per cent. of valuable min:ral fertilising elements 
drawn from the soil, notably potash and phosphoric 
acid. About 3,000,000 tons of seed result from 
every crop, representing a loss of 120,000 tons of 
fertilising elements. During the period of slave 
labour this constant drain on the soil reduced the 
crops of some of the best districts to 150 lb. of 
cotton per acre. The use of pine leaves and stable 
manure has since raised the product to 600 Ib. per 
acre. The uplands of the cotton growing States 
where climate leaves little to be desired, and which 
are extensive enough to grow cotton for the whole 
world, can be bought from 2s. to 4s. an acre. 


TELEGRAPHIC, 

A curious instance of American legislation is now 
exercising the western judicial bench. The Western 
Union Telegraph Company, desirous of thwarting 
in every possible way the operations of its rivals, 
has brought an action against the American Union 
‘Telegraph Company, the Union Pacific Railway 
Company, and the Wabasb, St. Louis, and Pacific 
Railway Company, preventing them from using the 
Morse telegraph instrument, because it contains a 
set screw for regulating the stroke of the armature. 
To an Englishman it seems in the highest degree 
audacious that the Western Union Company should 
be able to legally restrain these other great or- 
ganisations from the use of their staple instrument 
merely because it comprises a certain set screw. 
But in America nothing is impossible. The Western 
Union Company claim that the screw in question 
was described in a re-issued patent of Mr. Page, 


the discoverer of “galvanic music ” and this patent | P 


belongs to them. The opposition companies urge 
that the screw was attached to an early model of 
the Morse instrument made in 1835, and now on 
view in the office of the Western Union Company, 
and also that Morse instruments having the screw 
were made under the Morse patent in 1847. The 
Western Union Company after some delay produced 
the model alluded to, and no trace of the set screw 
could be found, whereupon the petitioning com- 
panies asserted that the screw had been once there, 
but has been since removed. This assertion caused 
an excited altercation, and the case is, according to 
our latest news, not yet settled, but meanwhile the 
defendants have procured a self-adjusting magnet 
enabling them to do without the screw. 

Instances of cables being broken by earthquakes 
are on record; and it has been reported that the 
South African section of the Cape cable was inter- 
rupted by a submarine volcanic irruption while 
being laid; but we know of no case in which land 
telegraph lines have been broken asunder by earth- 
quakes, except that recently announced from San 
Salvador, when during the latter ten days of 1879 
no less than 600 shocks of earthquake were felt, 
especially in the crater-lake of Ilopango. These 
shocks opened the ground into a network of cracks, 
ruptured the telegraph lines, started new springs, 
and finally culminated in the outburst of a volcano 
in the middle of the lake on the night of January 20, 
1880. 


Continuous Raitway Brakes, 

The present Government appears inclined to take 
more active steps in the matter of continuous rail- 
way brakes than their predecessors, judging from 
the replies given to questions asked both in the 
House of Lords and Commons, On Tuesday last 
Mr. Baxter addressed a few very pertinent remarks 
to the President of the Board of ‘rade. He asked 
if it were true that there are at present 42,729 pas- 
senger iages running without brakes which 
comply with the conditions laid down by the Board 
of e, and if 2706 of these are not actually fitted 
with brakes which have either not been approved of, 
or have been actually condemned since June, 1878. 
He wished to know whether, to avert the necessity 
of legislative interference, the Board of Trade would 
not issue another circular asking the intention of the 
railway companies about the fitting of continuous 
brakes to i which do comply with the 
requirements of the Board of ‘Trade. In reply, Mr. 





Chamberlain said that the statements made by Mr. 
Baxter were substantially correct, and that a cir- 
cular to the effect suggested, would be issued 
by the Board of Trade to the railway companies, 
As we have seen, an important was taken a few 
weeks since by this department, when they required 
the various railway companies to frame their half- 
yearly returns in such a way as to be of real value 
for ascertaining the relative values of the different 
systems of brakes. But the reply of the President 
of the Board points to now a very comprehensive 
and decisive action, as it implies the intention of 
legislative action if the companies neglect to fit 
continuous brakes which shall comply with the 
official requirements. Much as Government inter- 
ference is to be deprecated, the comfort of railway 
management is of far less importance than public 
safety, and—to say nothing of the adoption of inefli- 
cient brakes—at the present rate of progress the 
rolling stock on the railways of this country will 
not be all fitted till some remote period in the dim 
future. I[t is now some years since the requirements 
of the Board of Trade as to continuous brakes were 
laid down, and the various railway companies have 
had since then ample Ny apa of judging which 
system does and which does not comply with those 
requirements. It is, therefore, not only reasonable 
but desirable that they should be called upon to 
state their intentions definitely upon what avtion 
they intend to take in the matter. Possessed of 
this information, the Board of Trade will be in a 
position to judge whether official pressure will be 
sufficient, or vernment interference necessary. 
The question is of too great importance to be furcher 
trifled with, and we are glad to see the President of 


the Board of Trade appreciates this fact. 
WEST HARTLEPOOL, ITS DOCKS AND 
TRADE. 








At a cost of nearly half a million sterling there has 
been provided an addition to the dock accommodation at 
West Hartlepool, such as gives that port a leading position 
in the ranks of the seaports between Hull and Scotland. 
It is little more than thirty years since the port was 
rojected, and its growth has been very rapid. In the 
middle of 1847 the first dock wasopened, and 2537 tons 
of coals were ship in the month of June. In the 
same month of 1852 the second dock was opened; and 
in the same month of 1856 the Swainson Dock was 
finished. From the opening of these there has sprung up 
vast export and import trades which laid the founda- 
tions of the fortunes of West Hartlepool. 

With the growth of these import and export trades 
there was a corresponding increase in the town, and a 
development of its manufactures. Shipbuilding was early 
commenced—in 1854—and has taken a very firm root; 
the coal shipments have risen from 54,000 tons in the first 
year to about 600,000 tons annually now; the grain im- 
ports are now nearly half a million of quarters; those of 
timber an equal quantity of tons; whilst the exports 
of goods other than coal or coke varies from 2,000,000/. to 
8,000,000/. yearly. It builds now nearly a score of vessels 
yearly—the cost of which cannot be much less than half 
a million sterling; it owns about 140 vessels, chiefly 
steamers ; its sawmills employ above a thousand work- 
men; and it has a large facility for iron manufacture. 
Chemicals and cement add to the variety of its produc- 
tion; and the hundred acres which have been devoted to 
timber storing purposes prove the extent of the trade. 
And it may be here said that the population—some 400 
for the township in 1841, rose to nearly 5000 in 1851; 
in the next decade to 13,600; and by 1871 to 22,124, 
whilst the later growth has been proportionately large. 

Though manufactures have thus flourished, yet tho 
dependence of West Hartlepool is chiefly on its im- 
portance as a shipping and shipbuilding port. Its first 
dock of about eight acres was devoted to purposes of coal 
shipment ; the second and third docks were designed 
for more general imports. The ownership of the docks 
mare a dozen years ago from the West Hartlepool 

arbour and Railway Company to the North-Hastern 
Railway Company, and in 1871 the latter company de- 
cided to expend 100,0004 in additional dock accommo- 
dation, and when the works were commenced the estimate 
was increased to 250,000/. Further enlargements of the 
plan hava been deemed needful, and the actual cost of the 
works up to the end of last year was 413,994/, whilst 
before the completion the expenditure will in all proba- 
bility be brought up to close upon a half a million sterling. 
The works thus carried out are of course on a very large 
scale, involving, amongst other things, the conversion 
of what remained of the tidal water —the Slake — 
between Hartlepool and West Hartlepool into communi- 
cation between the docks at the two By a tidal 
basin from the second of the West Hartlepool docks 
there is entrance to a dock of eight acres extent, with 
access to one still larger, about eighteen acres, and a 
tidal lock connects the system with the harbour at 
Hartlepool. The construction of the docks has involved 
the excavation of nearly a million yards of material, and 
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the building of about 6000 ft. of quay well. By these 
works dock accommodation is provided suitable for the 

development of trade in larger vessele—a mean depth of 
27 it. being attained in the docks, To this dock accommo- 
dation it is now intended to add an additional warehouse 
300 ft. long by 100 ft. wide, of five stories height, and fitted 
with all recent requirements for the speedy discharge and 
loading of vessels. Already the effect of these works and of 
those that remain behind has been considerable on the 
trade of the Hartlepools, and it is evident than an impetus 
has been given, the effect of which cannot yet be fully | ha 
estimated. To the port there is now. given the first 
system of docks on the north-east coast, and hopeful 
people believe that the result of these vast facilities 
must be to convert it into the Liverpool of the east coast. 


It is never safe to prognosticate on trade matters, and in 


hence it can only be said that the work of years is now 
near completion, and it is certain that the towns and 
trades of the Hartlepools must progress with an accele- 
rated momentum in the future. 


THE STEAM FLEET OF THE COMPAGNIE 
GENERALE TRANSATLANTIQUE. 
To THE EDITOR OF ENGINEERING. 

Srr,—In your most interesting account of the new steam 
fleet of the Compagnie Générale Transatlanti ue, the v 
singular fact is brought out, that of two ships for this 
company, commonly supposed to be alike, o—- built by 
different builders, one attained a mean f 154 knots, 
while the other only could reach 14.418 Seeta, on the 
measured mile. This isa matter it would be most interest- 
ing to have explained, for it is scarcely conceivable that 
the latter ship, built by Messrs. Elder, could have been 
tried under the same conditions as the former built by 
Messrs. Inglis. In reply to a letter in a local paper, 
Messrs. Inglis have given the details of the speed runs of 
their ship as follows : 








Time. Apparent Speed. 

m. 8. knots. 
First run 3 4 15.789 
Second run 4 8 14.516 
Third rua 3 49 15 721 
Fonrth run 4 9 14.458 
Fifth run 3 7 15.652 
Sixth run 4 


14.754 
The mean of the best pair ‘of runs (the fifth and sixth) is 
15.203 knots; the trne mean speed over the six runs is 
15.11 knots. 

This, however, does not really clear the matter up. What 
is wanted is, besides the speed runs of Messrs. Elder’s ship, 
the displacement, mean draught, midship area of each at the 
time of trial, and the horse powers developed. If the 
powers at lower speeds were got, these would farther help 
to elucidate what at present seems very mysterious. When 
builders gratuitously give the public a hard to be 
understood, they can in fairness be asked at least to make 
the information complete. 

ScRUTATOR. 


KENYON’S PISTONLESS INDICATOR, 
To THE EDITOR OF ENGINEERING. 
Str,—In answer to a correspondent in your last issue 
signing himself “‘ J. W. C.,” and suggesting the use of a 





flexible Lng) with concentric oo} ons instead of a 
curved tube, I would respectfully ae your corres- 

pondent obtains the blue-book containing ification, 
and he will find covered therein not o the exible plate 
such as hedescribes and illustrates, but also the double 
a known as Dewitt’s patent. The latter I tried 
(after a long series of tests with the former) as being better 


able to obtain a larger movement with less fatigue to the 
plates, but I found even these soon became affected by the 
alternating action of steam and vacuum. 

I may add that I also experienced much difficulty with 
the curved tube until I obtained the best sectional form and 
most suitable material. 

The latter is the subject of a patent. I trust this will 
“—- the “‘ charm of novelty” to which your correspondent 
alludes. 

I am, Sir, yours respectfully, 
P J. W. Kenyon. 

26, Great Western-street, Moss Side, Manchester. 


To THE EDITOR OF ENGINEERING. 

S1r,—I have read the letter of ‘‘ Practical’’ in your issue 
of the 21st ult., and as I have taken some hundreds of dia- 
grams with the ive ad some pane it will perhaps be ad- 
mitted —-. I oe ractical experience of its 
utility. If ohaske been the anepain of a 
mechanical Rane we gh understood the meaning fad pm 
visional protection, and the crude form of mechanical in- 
ventions generally when first patented, he would certainly 
have displayed more sense than to publicly criticise Mr. 
Kenyon 8 earliest model, especially when the perfected in- 
strument is obtainable ; unless, as it appears to me 

‘Practical’ had some other motive than the furthering z of 





mechanical knowledge. 

I have taken with the Ken as against the 
oe a 
of the ‘on, not or ‘or the 
despatch with which Seaeenrs 
liness of the diagrams, spe ot nr or 








the tubes of the 
reba my  pegecid an and 
aa know that this 


ticable with 
the Richards when hot, pes eae — mont impraci take five 


minutes. 

ee The water and steam which of poeiy must escape 
with the Richards obli » and in 
Tay with the Kenyon 
necessary escape ter or steam, and on re- 
me the tube it be be found q quite and ‘clean inside. 
Finally, in * J.W.C.,” Lam 
quite sure that the the sand, &e., which (as he states and 

quite correctly) is blown up in indicating new engines”’ 
would quite incapacitate the cylindrical arrangement of 


fined poh 4 
Kenyon indicator when hot ai one 
ve performed 


the Ri s, but in the Ken suppose such “ dirt, 
sand, &c.,’’ is blown up into the tube it is at once with- 
drawn by the action of tho vacuum. 


Apologising for troubling you, 
fam, Sir, oan ta 
R. T. McKay. 
Chorlton-cum-Hardy, Manchester, June 2, 1880. 








THE RESISTANCE OF ARMOUR. 

Sre,—The latest developed principles and ex in 
IR,—The leveloped principles and experience 
the resistance of armour to shot par sor that hard ph 
tend to break up the shot, and soft ones to distribute the 
force of impact over surrounding portions of the rie ~~ 

—— a projectile which would have a maximum 
effect with maximum strength, a head formed 1 . 
oe the curve, known as the anti- curve, about 
its axis suggested itself to me as best fit to overcome 
both kinds of resistance. On the anti-frietion curve (C BC) 
the lengths of the tangents drawn at any point of the —_ 
to its yugene ene canin, The construction of 
and its pec ee for projectiles will be wnieedeed 
, inspection of and reference to 
- The principal ciantage i 
ether forms a. a use may be bref 
e ingress 0 is projectile into # e resisting 
strength of the projectile at any point is pro 
projectile fret strike he plate th di to pash the 
es the plate the tendency is to pas 
metal forward in the direction of the axis A B, and the — 
BA represents the relative strength of the projectile. 


as follows : 
Ae 



































bor 
. fee the plate the metal of the pe = will flow or become 
pressed in a direction normal to the curve, and the 


stre’ reser idn sosnecttie wil Covapmecsahed ty Oy ances 

srencth of the projectile wil be ep point of 

ee coll he ie eee ane ae hey xedersc? ng me 
and the resistance offered to the 

Sen toamels ce tan do at the planes of s > cordon 


practice, is that the form until now found most 
in practice, that known as the rect aly 
figure by the curve aE, 
friction curve, but the 


accompanying | j 
over | Mr. 


a at such point. Thus when the schoo 





For instance, pat the opiral 


‘letter was received 


to the G on the anti-friction curve has a 
present the line N M as compared Mate the elena 


tter curve. At the 
CTF of the lator curva. At the correqonding points K 


es more nearly alike. 
Very 


New York, April 14, 1880, 


points K 


. A. EIGHTMAN. 





THE CELLULAR CONSTRUCTION OF 
MERCHANT SHIPS, 


‘0 THE Ep1TOR oF ENGINEERING. 


ten tis. James Lyall onset Tg a agains 
for finding mare’s nests. 
last week's im ery he pod ma tee tad stared the 
heading or of the discussion he has been w 
Soa i reaches 
8 wil may 
perhaps mea aN Sir, to wrench aca —to him 
—im 
Ta rep i to Mr. Lyall suggested 
a _—_ whether he was ws meuniere cated wht they ee as 
made «yy cellular 
ep et ee i op 
28 a n my 
there had 7 and building on this 


ety choad eenyredey Son Fag the shipbuilding yards 
in this m within the se | . He forgets, 
or is not aware, that yards have built many such 
ships each, rg aed weed gg nd and th he number of yarda 
that have built from four to six and upwards is far larger 
than Mr. Lyall evi ieitapamceton of He asks 
me to publish a list of vessels with their tonnages. I 


will not bore ag bea of the kind, but if 


ot even 
Hin throst that he is tna ition something or 
other to my humiliation, = os one of “the little boys at 


1 who are always **T’ll tell,”’ and who generally 


agg ~ in consequence. I should be sorry to have to 
tto Mr Lyall's f forbearance, and am quite content for 
him to ‘‘ say on.’ 


I am, Sir, your obedient servant, 
Wm. J OHN. 
London, June 3, 1880. 





_ Mount Vesuvius Raruwar.—The American double 

iron rope system has been sdopted by the constructors of the 
ieee up Mount Vesuvius. There are two lines of rails, 
each provided with a mee into two — 
ments, and capable of hol six persons. While o 
carriage goes up the other comes down, thus establishing 
@ counterpoise which considerably economises the steam of 
the stationary traction engine. 


steep, ae o to 63 d an 

continuing at 50 oie summit. Bivery poisible 
ution has Pe accident, and the railway 

itself is protected ble flows of lava by an 


enormous wall. The ascent will be made in eight or ten 


minutes. To obtain the necessary suppl pee ag 
covered cisterns have been conmbvasioy  ehe 


winter will be filled with snow, which often fi mils heavily on 
Mount Vesuvius. This snow will be quickly melted by the 
internal heat, and, besides the water thus obtained, the 
frequent rainfall will also be conducted into the cistern. 
An elegant café restaurant, capable of accommodating 100 

a be attached to t the station. Above the en- 


the latter is an ample terrace su on 
Gulf of” whence an enchan view is obtained of the 
_— aiteel country, each dotted with 


RaItROAD Facriitizs AT PHILADELPHIA.—The Penn- 
endea establish 


by iron co! 
ey ae ae ee mene leuntar 


* (Mr. John is quite correct in his statement that h's 
without a heading:—Eb. E.) 
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™ IRON AND STEEL AT HIGH mer and aaeialy the Pen: my xy of the arate te con- Solent eS beth balers and after the improvements in con- 
@ con- 
TEMPERATURES. traction coals vers Ereny in steel el ingots 50 trated in Mr.| The oiThe “subjoined Table gives the general results of six 
On some Paget Changes occurring in Iron and Steel | Chernoff’s paper, aa in the last J snuary number of on balls of foundry ss in fluid iron 
at High Temperatures.* the Proceedings A ee eee sas rage = the same oo including exporimen —— ~*, = rr ss 
E. “ and to ti mise © same expansion an s of w. were illus in t 
_— Tuoatas Wasonreon, Men os cubsequent: contraction may also occur to produce this ini Tournel, Ne, 2 for 1879. . 
‘Second Paper). bugbear in steel i Fig. 3 gp an average fair specimen diagram of 
(Concluded from page 425.) t will be that the ball in cooling on ex m of a 4-in. ball of foundry iron, being the 
Tue drawing on the wall Fig. vy is a very good etchi to the ori diameter of the mould (15.28) at i. son p-m., | result of experiment No. 23, which was ‘in the pre- 
of the aj in section of the ball when brok Sen Gunans or more five hours after it had been run, when | sence of several scientific tie getiemen, Who ar preset fer 
the oe The top re I podem for thus: The metal | the outside of the ball was quite black. to-day. 

Sesh wells in the mould, wad ao the extelde layers ett trnalrrfae i almor,f ot tli, Mack before the ro ania rite eri ate 
and consolidate before the internal part has commen he original size of the mould. effects exhibited in the various the method 


swell, the interior becomes short of liquid ey —— 


vitates to the bottom, and leaves the 
aribetes to the bottom, casting, e man food Reds the git with 


, metal, — from congealing by stirring the open- 
free with srod. a rod. usual explanation for the cavity is that 
the metal contracts, but unless the outer shell expanded in 


the first place I contend that the porosity an vacancy 
would ee 80 great, nor would it necessarily occupy the 
top of the mould, as it invariably does. 





has contracted to t' size 

In my last I mentioned several curious oT near ge 
in casting, which mi ht be referred to this theory of the 
change in home ofthe metal. I might add to | hese the 
fact, well known to founders, = with very hot iron 
poured into a sand mould a much rougher ‘surface is 
obtained than if the metal is poured in a colder state. 
It would appear that in the. former the iron after 
filling the mould expands into every interstice of the 





ing diagrams, 
of deduction being explained in a note atthe end of this 
paste tron bet The assumption made in the case of the 
, that neither the specific gravity of the 
eer @ mass of the ball alters during the time 

of the experiment. 

An examination of the Table shows that although the 
ific gravities of the balls vary considerably, also their 
dobleg and floating cffects, yet the deduced specific 
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Fig.3. 
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figale trot 











The whole as of change in the ball is, according to 
my view, as as follows 
1. The fluid metal entirely fills the mould. 
2. - expansion of the outer layers of the metal takes 
plastic, thus increasing the diameter of | 


ated interior not having commenced to expand, 
the hollow shell formed by the cooling layers 
dt thus forms the cavity at the top. 

1 round the interior surface of the top cavity 


liquid metal ually towards 
y its ure on the soft outer envelope 
diameter of the ball. 

ston ter layers - the , 

an 

Cone plastic 

forces balance each other, further expan- 
the cooling has been reached, the 
far as their condition will Ww, 


natural ayy - while the outside was 
to the of the interior, 
solidityi 


the 
. many courses under different 
which structure tended to prevent 
whole mass.t 
vessel = contracts 
from the u wing to 
a ealins to gravi' Rerthe hott bottom 


iron were cut fro 1 the section of this ball at 
sitions indicated on the drawing, and their specific 
ties taken, the results being as fol lows: 


g force 
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Specific 

gravity. 

At the surface of the 7 ‘est me in. 
of sphere 


” 


SI HID 
SBSER 


”» ee . 
, 


” 7 ” , “ 15 
As might be expected, the lowest ub is that of greatest 
exyotd, the lowet pont ha metal. 

the centre and the top cavity is very 





the mould to the final din- 
.6in., whereas where free con- 
have been about 1 per cent. 


_— bs) outer layers arrive at such a 
contract. 
force of 


a a 
Fr 
As ae 
Scale one hour * S3as pein bi al 
% bt a “s 
2. 8 9 winches aE ES STA ee Sar pioostes 2 
sand, producing a rough surface; whereas in the latter | gravities of the liquid and plastic iron vary only to a small 


case, the metal has attained its expansion before the mould 
is filled, and therefore does not undergo the surface pres- 

| sure produced i in the case of metal at a higher temperature. 
Since the instrument with which I took the diagrams was 

| exhibited at Li 1, its construction has been modified 
to some extent with a view to reduce the friction, Instead | 


extent. From these six experiments the average specific 
gravity of fluid foundry Cleveland iron is 6.88.* 

For the iron in its plastic state, if we take the same 
six experiments, we find the average specific gravity to 


6.50. 
Lastly, if we take the average specific gravity of the 


TABLE SHOWING RESULT OF PE Fe on CLEVELAND Founpry Ixon. 






































| Weight in] Specific | yiaximum | Maximum | Floating | Deduced | Deduced 
No. of | Dia- oom here sd ? | Sinking | rie | t. ~~ t Specific Specific 
Experi- | meter of "Part a "Part of | Eitect.. | Effect. 7 obey Gravity | Gravity Remarks. 
ment. | Ball. Weight in — in immerse: of Po of Plastic 
, Stalk |, Stalk Ounces. | Ounces Weight in tal. Metal. 
Wala immersed. immersed. aes | Ounces. 
| io Foundry 4 ball 
7 3 59.25 | 7.18 2.0 | 2.25 o 6.94 6.68 { oo fluid 
oundry iron. 
8 5 252.25 6.96 1.5 8.00 os 6 92 6.70 Do. 
9 | 3 59.00 7.15 12 | 45 a 7.0 6.5 Do. 
ll | 4 132.75 6.9 25 6.5 ae 6.88 6.55 Do. 
pt sg 254.0 6.55 a i a sO 6.73 | 6.24 Do. 
23 4 132.0 6.95 2.0 | san 6.84 | 633 Do. 
This ball was cast 
| very hot. 
Averages 6.95 eve 6.88 6.5 





of carrying an arm from the side of the spring chamber, 
which caused a twist from the spring, I have had a small 
chain carried — the ~~ of the spring plunger over a 
finely poised volving on steel points ; the pencil 
—s st the — of the ow h ww works with 
very 8 on. e diagram is by this ment 
reversed. Several springs have been tried, oh most 
convenient in every way has been one which indicates 4 in. 
to the ounce. 

The name which has been given to the instrument is the 

* 


** Oncosimeter” (a measurer of increase in bulk). 
It will be f oo to cathy arn sa of other 
metals to @ physical laws governing their ex- 
soe beg it that an examination 
free lig tile rend oi dheories connected : ith the 
wu with the 
tases 


The vortfolio‘on wong Le table contains a number of the dia- 
grams of iron of different qualities taken by means of this 


* This name is from the Greek “‘ onkosis’’—the act of in- 
creasing in bulk—and ‘“‘metron’’—a measure—and has 
been considered preferable to the name which is given on 
| the diagrams in my first paper. 








mr | So oaks ane 


oe balls as determined when cold, we find it to be 
Therefore the average of the six ts shows that 
the No. 4 foundry iron in the solid to the 
plastic condition expands in the proportion of 6.50 to 6.95 
or 6.92 per cent., and that the densities of the solid and 
liquid iron are in the proportion of 6.95 to 6.88, or that 
Heist solid iron is 1.02 per cent. greater density than the 
‘Te <n be noticed that the expansion in the grey 15-in. 
ball eee 3S oe one from the original diameter of the 
—_ or only —_ one-fourth shown in the 
balls immersed in m This difference is 

the condition of cooling, and especially to 


* This result is rather higher than Mr. Mallet’s, which 

bray a aoc gave gfe Scotch and one-half 
vi , 

heard me ee ogy'y ad san three 


iron, cut from 








boratory, t h the kind 
ry, throug’ permission of 
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the fact that before the bulk of the interior iron expanded 
the outer layers were hardened, thus opposing the nataral 
——- the ball. 

+ was suggested to me by an eminent metallurgist, that 
this expansion in iron when cooling from the liquid state 
might account for the separation of graphite in grey iron. 
An independent su tion in the same direction was made 
to me by Mr. Stead, of Middlesbrough ; and in order to 
investigate the question, the latter gentleman joined me in 
making some experiments on the subject. The first was 
to ascertain the effect of chilling on small pieces of grey 
Cleveland iron at different stages of temperature between 
a high state of liquefaction and a state of plasticity. It 
was intended by chilling rapidly the outer crust of each 
casting to imprison an interior mass of iron which would 
subsequently cool, and by its appearance and specific gra- 
vity show whether there was any connexion between the 
separation of graphite and the density of the iron in each 
ease. A number of moulds 3in. by 1}in. by }in., were 
made of cast iron, and into these moulds Cleveland foundry 
iron was cast from a small ladle at intervals of three mi- 
nutes ; these were numbered 1 to 8. No. 1 was run when 
the iron was very hot, the others at intervals of three mi- 
nutes, No. 8 being cast when in such a condition that the 
metal would only just run from the ladle. The following 
specific gravities were taken by Mr. Stead, with observa- 
tions as to the character of the fracture. 


Specific 
gravity. 
No. 1 fracture. White mottled in centre 7.365 
” 2 ” ” ” 7.389 
” 3 ” ” ” 7.388 
2? 4 ” ”  ] 7.360 
9 5 ” ” ” 7.366 
a je Honeycombed ... inn 7.277 
eS, we Rather more mottled ... 7.293 
ag oa Mottled throughout ... 7.292 
»» 9 A-sample of siniilar No. 4 foundry 


iron cast in a green sand mould 
of same size as the chills dso 7.155 

It will be seen that No 8 is 1.3 per cent. lighter than 
No. 2, and the santl casting 3.1 per cent. lighter than the 
same. 

Nos. 1, 2, and 3 have little or anna in them ; No.8 
and the grey iron cast in the sand mould contain a large 
quantity. 

The variation of specific gravity appears to be due to the 
fact that when the yery liquid metal is poured into the 
chill it is immediately coated by a case which resists pres- 
sure when the interior iron would expand in cooling, the 
consequence being that the whole piece of iron is denser, 
whereas in the case of No. 8 the iron has become plastic, 
and has undergone ee by the time it gets into the 
mould ; the same chilling of the outside case takes place, 
but the contraction afterwards draws away from the inside, 
making it porous. 

The average specific gravity of white iron is 7.5, and 
therefore from the above it would appear that the grey 
iron, when rapidly cooled, approaches both in appearance 
and specific gravity to white iron ; but that when the rapid 
cooling commences ‘at a more plastic and more expanded 
condition of the metal, there is less change in solidifying. 
The sudden chilling of the very hot liquid appears then to 
be unfavourable to the free formation of graphite, which 
only oe when theiron has expanded its volume previous 
to chilling.* 

Is, then, this separation of graphite the cause of the ex- 
pansion of the iron when cooling down from the liquid to 
the plastic state? 

To answer this question, we must consider the physical 
differences between the white and grey iron. White iron does 
not differ much, chemically, from grey iron except in the 
form in which its carbon iscontained. In grey iron the carbon 
is partly in the uncombined state of graphite and ly as 
combined carbon. In white iron the carbon is combined 
and no graphite appears. If the separation of graphite is 
the cause of the expansion of the iron in cooling from the 
liquid state, itis clear that in the case of white iron where 
no graphite is apparent there should be no expansion in 
cooling. 

In my portfolio are three or four di of white 
balls melted in white iron, but further than the broad 
fact that there is an undoub’ and considerable ex- 
pansion, I have not been able to my own satisfaction to 
obtain reliable measurements of these effects. 

The great difficulty I have found with this iron is from 
the fact that it so rapidly becomes viscous, that the buoy- 
ancy of the ball is not transmitted to the spring of the in- 
strument with the accuracy which grey iron affords. By 
getting the liquid white iron very hot, and by special care 
in making the experiments, I think it is quite possible 
to obtain the specific gravity of liquid white iron as I have 
done in the case of grey foundry iron, but I have not yet 
been able to do so. 

_ Meantime, to settle definitely the question of the expan- 
sion, I have repeatedly immersed white iron balls an 
pieces of pig in both liquid white and liquid grey iron, and 
in both cases the iron first sinks, then floats, and gradually 
emerges from the liquid surface a considerable distance 
until it melts ; showing that its specific gravity is at first 
higher than.the liquid, then considerably lower, and finally, 
in melting, of course, becomes of the same specific gravity 
as the liquid it joins. 

In order to be sure that there could be no mistake as to 
these comparatively rough observations, I had another 
spherical mould of loam swept 15.09 in. in diameter inside, 
and exactly under the same conditions as described in 
case of the 15-in. grey iron ball, I had this cast in white 


* A similar e with white iron, 
{ } the formation 
the specific gravity of the solid parts remain- 





xperiment was attem 


but the reduction in density showed itself by 
of blowholes, 
ing unaltered 


r 


; but ing that this 
4| plasticity in ice is an intermediate state, see Bey Ee = 


of dilatation as continuous) require a fall of temperature ed 
ee passing | warmed 








iron. The following Table shows the increase of diameter 

as the expansion took place when solidifying : 

Experiment with White Iron Ball, made April 23, 1880. 
Diameter of Mould before being run, 15.09 in. 








erie 5 Increase in 
Time. Diameter. 
= in. 
Commenced to run mould ... 24 
Finished running 3.4 
3.44 03 
3.5 -04 
3.6 045 
3.7 -05 
3.9 06 
3.11 067 
3.14 -069 
3.18 -082 
3.24 095 
3.29 100 
3 34 105 
3.45 1075 
3.52 ll 
4.4 ll 











No further expansion took place after this ; the ball was pressed 


then taken out of the mould, and when quite cold had de- 
creased from 15.2, the maximum size, to 14.92. 

From this experiment it is evident that white iron in 
cooling from the liquid state expands considerably. In the 
case of this ball the diameter had increased in one hour 
from 15.09 to 15.2, or lineally .73 per cent., which is in 
volume equal to an increase of 2.2 per cent. 

Again, in contracting from its maximum volume to its 
cold state, it decreases in diameter from 15.2 to 14.92 or 
1.84 per cent, lineaily, which is equivalent to 5.5 per cent. 
in volume, both the expansion and subsequent contraction 
being considerably greater than was the case in the grey 
a ne RRR 

The diagram Fig. 4 shows the progressive expansion 
and final contraction of the grey and white balls. The 

rogressive contraction is not, attempted to be shown, as 
co so gradual it wouid have required too much space. 

The section of the ball showed the radiating lines of 
crystallisation meeting at the centre as usually seen in white 
iron castings. The porosity at the top of the ball was very 
marked, and a large sevity was formed ; the drawing of the 
metal had also pu down the top of the sphere, the skin 
of which was unbroken. The etching on the wall shows the 
section of the ball when broken through the centre. 

It appears therefore clear that the separation of graphite 
is not aioe of this expansion in iron when ~~ from 
the liquid to the plastic state, as the expansion could not 
in that case occur in white iron. 

In the case of water, as already stated, a reversal of the 
ordinary law of contraction occurs, the liquid contracting 
as the temperature is redu until it arrives at 39 deg. 
Fahr., an expansion then takes place as the temperature 
falls from 39 deg. to 32 deg. Fahr. 

At first sight it might appear that iron and water act in 
opposite ways, the former contracting to solidity, the latter 
expanding ; but Professor Tyndall shown ice to 
capable of being forced through dies and into moulds with- 
out permanently breaking its continuity. If, from these 
properties, we look upon ice as a plastic material, then the 
two substances are not dissimilar in their action, as the 
water, like iron, expands in cooling from the liquid to 
the plastic condition, and then continues to contract. 

I am not aware that this remarkable phenomenon of the 
freezing of water is ever referred to chemical action, and 
unless some chemical theory sbould satisfactorily account 
for this reversal of the ordinary law of contraction in the 
case of iron, we shall have to look upon it, as in the case 
of water, to be the result of changes in the ultimate 
particles of matter which a greater knowledge of mole- 
cular physics alone will enable us to comprehend. 

Should this theory as to the expansion and contraction 
of iron stand scientific criticism, further interesting 
analogies will be seen to exist betwven the properties of 
this substance and water. 

It has been shown that water in cooling contracts until 
it reaches 39 deg. Fahr. It then ex is 9.3 per cent. 
through a very small range of temperature (between 39 deg. 
and 32 deg.) and in doing so becomes ice at 32deg. A 
further lowering of the temperature contraction, 
and the ice becomes harder and more brittle. Ics, very 
near its melting point, becomes soft, and exhibits all the 
properties of a plastic body. The view that ice passes 
through a plastic state of 7 small zonge temperature 
has been held by Forbes, Clerk Maxwell, our Stewart, 
and other eminent men of science. The opinion has not 
been held without controve 





the behaviour of iron and water resemble each other. Com- 
mencing at the liquid end, each in cooling expands into the 

lastic state, then a reversal takes me y and the plastic 
body contracts. Ice cannot under natural circumstances be 
lowered very much in temperature below its freezing point, as 
it is already so lowin the scale of heat ; but iron can come 
down more than 2000 deg. Fahr., and in doing so contracts 
its volume to such an extent that its density becomes 


ter than its own fluid. To get the density of ice equal 
fo the density of water, would (taking Brunner’s coefficient 


mal to 1400deg. Fabr. The diagram of water 
into ice would resemble that of iron, but the line of volume 


Now there is a ee ae of ice which 
wy Paring. If meh of wet i 


was first noticed by ice— 
that is, ice at 32 deg. Fahr.—be pressed with their wet faces 

her, they at once freeze, and become ectly united. 

e difficulty in accounting for the of the inter- 
cepted water is this: The ice is at 32deg., the water at 
certainly not a lower tem . If the water gives up its 
heat to the ice, its must melt it. From whence, then, arises 
the abstraction of heat which causes the intercepted water to 
freeze? The difficulty of explanation is increased when it is 
found that this tion will actually take place under 
hot water. Several explanations have been given, but I 
will only give 7 that adopted by Sir William Thomson 
and Professor James Thomson, and defended by the great 
German eyo Helmboltz. 

If heat be applied to most substances, the effect is to 
cause expansion—that is to say, heat is converted into 
work by moving the particles farther apart. Conversely, 
if you take any such substance and compress it, the 
becomes heated, that is, you change the mechanical weak 
of compression into heat. 

. But there are some substances which, instead of expand- 
ing by heat, contract. India-rubber is one which is, under 
certain circumstances, affected in this way. If you heat a 
band of india-rubber with a weight attached, you will find 
the weight is slightly raised ater, as I have explained, 
is (within the e of 32 deg. to 39 deg.) another example. 

ow, then, should these substances act when com- 
? Professor James Thomson, of Glasgow, first 
worked this question out theoretically, and came to the 
conclusion that substances which contracted when heat 
was applied, should, when compressed by mechanical 
power, me colder. Experiments subsequently made 
upon the compression of ice by Sir William Thomson and 
others entirely confirmed his calculations. With ard 
to india-rubher, a com ion will be found to on it, 
and, conversely, a drawing out of the india-rabber warms 
it. If any one will take a band of this substance and put 
it to his lips to judge the temperature, then suddenly 
stretch it out, on application to the lips again the band 
will be perceptibly warmer, This is in opposition to our 
experience of other bodies, which generally become colder 
by expansion. 

Now the view taken by Sir William Thomson and Helm- 
holtz as to regelation is this: When the faces of ice, with 
water between them, are pressed together, the soft and 
watery ice being a substance which contracts with heat, 
cools by pressure, and this ppearance of heat lowers 
~ fompsratene of the water na the _ faces of ice 

produces the interesting phenomenon of regelation. 

Let us carry this analogy between water and iron a step 
further. From the time of Tubal Cain downwards, the 
sr < welding possessed by iron, has made it the 
most in msable and intrinsically valuable of all our 
metals. process of welding is looked upon general 
as an adhering er of the surfaces of a substance whic 
have been heated to plasticity. But how is it we do not 
find this property of adherence in all other metals even 
though heated to the same extent? The answer accord- 
ing to the theory now proposed is to be found in the 
anomalous conduct of iron in reversing the progress of its 
change of volume between certain limits of temperature. 
Iron, when at welding heat, has its surface in a semi- 
liquid state. In this condition you place it in contact with 
another piece of the same heat. 
The molecular conditions of the plastic iron which has 
already expanded, and of the semi-fluid iron at the surface 
which is just commencing to expand, are quite different, as 
also are their temperateres, 

If this iron were similar to other bodies, and a blow or 
sudden pressure produced heat all through the mass, the 
unexpanded semi-liquid at the surface as well as the interior 
plastic iron already expanded, would rise in temperature ; 
the consequence of which would be, that the molecular 
conditions at the junction would still differ, although both 
at a higher ge anon © and, therefore, molecular union 
could not take place. But if the iron at the surface of the 
weld is in that condition of temperature that it would cool 
by pressure, the result is quite different, as the blow or 
pressure acts on the plastic iron to increase temperature 

and on the surface iron, which is on the border-land 
between liquidity and plasticity, to uce cold; con- 
seqeenty there is a moment when the temperatures of the 
two would meet each other, and render the mo con- 
dition of the junction uniform and continuous throughout. 





Tue Prussian Patent Orrice.—One of the most cu- 
rious cases of a refusal to grant a patent is that by which 
the Siemens regenerative system has become common pro- 
perty in ia. Mr. Jeans, in his new work on steel, re- 
tes that the Patent Office of Prussia founded its action 
on the alleged resemblance of Siemens’ important innova- 
tion in metallurgical furnaces to one particular mediaval 
weeps ogee. This apparatus, the only one of its 
kind, was found at the ce abbey, or peeeeey at 
Marienburg, in Prussia, which formed the head-quarters 
of the Teutonic knights, and is supposed to belong to the 
latter half of the fourteenth century. It was used for 
warming rooms in the building in question. A fire was 
made in the lower part of the furnace, and the products of 
combustion, passing — the stones placed in tae upper 
division, escaped into the flue. When the stones had been 
thoroughly heated the fire was ¢ hed, and the flue 
closed by adamper. The apertures in the floors of the 
a er grated Mata ay ay ry , cold air was 
to pass through the heated stenes, and becoming 

in Hs peeungn,, onterns te eee ise seems 


had not been meddled 
n,’’ were found to be 





would terminate near its position jum expansion. 
If it were possible for ice to fall 1400 deg. of temperature, 
after solidifying, the line of volume continue to fall, 


and the diagram would probably be similar to that of iron. 


pews . This contrivance, ths Prussian Patent 
ffice decided, was an anticipation of the Siemens system. 
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THE DEPHOSPHORISATION OF IRON. 
On the eet Fron in the Bessemer 


‘on J 
By R. Pink, Horde, Westphalia. : 

Ar the opening of this communication I think it desirable 
to make some prelimi remarks, as I fear that other- 
wise onde gon = yd may prevail that, — a somewhat 
lengthened peri practice in phorising, even 
better results might have been obtained than those recorded 
here. The great object of this Institute is the promotion 
of progress in the industry whose name it bears. I trust 

ou will allow that, if the progress here recorded has not 
Con so rapid as some have —- still, after making due 
allowance for the inevitable difficulties incident to grappling 
with a new system, a fair amount of success D 
achieved. 

It will be remembered that in April of last year, and 

in during the May meeting of this Institute, in presence 
of many of its members, it was demonstrated that the pro- 
blem of ey ee iron in the Bessemer converter 
had, by the Thomas and Gilchrist system, been definitely 
solved at the works of Messrs. Bolckow, Vaughan, and 
Co., under the direction of their talented manager. The 
Hérde Company, who bad representatives at Middlesbrough 
and Eston during these experiments, at once determined 
also to test the lt was then thought their plant 
was such as woul make it comparatively easy for them to 
do this. They had a small plant of two 3-ton converters 
and a larger one of three 8-ton vessels. There were at the 
time scarcely orders enough on hand to keep the larger 
plant going, and so the s: one was left free for experi- 
mentation. 

The revival of trade in the autumn of last year put quite 
a new phase on this condition of things. Yoa are all aware 
that, in the heavy trades, when the harvest is ripe it must 
be gathered. This very revival of trade, welcome as it 
otherwise was and is, came at a conjuncture exceedingly 
unfavourable for the development of the new process, and 
in the midst of the experiments at Hirde attention had to 
be turned to the production of as large a quantity as both 
plants could possibly achieve. Owing to this circumstance, 
the new process not the necessary time or space allotted 
to it for its sure and careful development, and, in review- 
ing what has been done, this fact must be taken into con- 
sideration. 

The manufacture of good grey foundry pig at Horde is 
always so costly that the margin of difference between it 
and Boaemer pig is too small to allow of this class of iron 
being used alone, and, considering the question entirely as 
one of dephosphorising, it was determined to use poorer 
brands of white forge half-mine pig. In the use of this 
class of iron a claim may be laid to the progress before men- 
tioned, and what has been done confirms both the possi- 
bility and probability of yet greater achievements in 
this direction. Without doubt we are making, from the 
very worst classes of pig iron, a most reliable and remark- 
ably cheap steel. 

In Hérde attention has not been paid to producing a 
better quality than that now in the market, but to making 
the same quality out of such irons as have just been 
mentioned. As good reliable rails are made by the Bes- 
semer process with .08 per cent. of phosphorus in them, 
rails are made by the new process with .07 per cent. or 
-06 per cent., these being considered equal to all the re- 
quirements of railway material. For axles, tyres, plates, 
and wire billets the phosphorus is reduced to a much lower 
figure than this. 

On the 22nd of last September, Hirde got, after great 
delay in looking for the best class of kiln to burn the bricks 
and dolomite in, one 3-ton coverter at work, and at the 
same date rolled direct from the ingot the first rail manu- 
factured under the Thomas patent in Germany. This rail 
stood exceedingly well under the tup, in spite of the phos- 
phorus showing .12 cent., but by the third charge the 
phosphorus was uced to .06 per cent., and from this 
period, with but one exception, no difficulty bas been found 
in keeping the phosphorus within the limits of .08 per cent. 
to .04 per cent. 

At first, copying the example of Middlesbrough, iron 
was used containing as much as 1.5 per cent. of silicon, and 
it was determined to reduce this by at least one-half. 
That it is possible to do so without detriment to the ch 
was soon apparent, as white forge pig containing but .73 
per cent. of silicon was melted with per cent. of steel 
scrap in the cupola without the metal] boiling over in the 
converter in a sensibly higher degree than usual, while it 
allowed the ingots to be cast ascensionally. Guided by 
these results, silicon has always been kept low, and, as a 


consequense, white fi ig can be used instead of the 
much more costly founiey os. 1 and 2. 

In order to increase the fluidity of this class of metal 
and if possible to add an increment of heat, it was resolv: 
to make a forge pig containing at least 1 per cent. of manga- 
nese, and, although the ex: tions entertained of thereby 
fluxing the basic additions at an earlier period in the charge 
have not been fully realised, this body doubtless does act 
as desired in the first two cases, and assists to remove 
the sulphur that sn in tle metallic bath. 
Manganese may be the key to the use of cinder pig, 
where it can be cheaply and in sufficiert quantities intro- 
duced into the iron in the blast furnace, or later in the 
BeWvith the object of getting still greater b 

i o still greater heat on the metal, 
iron with ager pests of phosphorus has been ’ 
and the grea ue of is clearly demonstrated ; for 
when 2 per cent. of this metalloid is ined i 


contained in the charge 
to Ba cehenten, spies ee 10-in. ingots can be cast 
ascensionally wi the 


steel Eeing so qniet in 
the moulds as to lien se its being stoppered with light 
iron stoppers instead of the trou and dirty sand 
stopping. 
* Paper read before the Iron and Steel Institute. 








Of course, the quantity of basic additions has to be in- 


creased, but not in so great a ratio as to be excessively ex- 


ive, or to cause trouble in the converter. Never less 
15 per cent. of burned lime is used, be the amount 
of phosphorus what it may ; and when working irons with 
upw of 2 per cent. of hosphorus, 20 per cent. of lime 
is found quite sufficient. In the first case the limeis badly 
fluxed, and in the second the slag is very fluid. The flux- 
ing of the lime has been attributed by many to the exces- 
sive waste of iron during the overblow, the oxides of which 
were su to reduce the slag to this state of fluidity 
but on looking at the subjoined analyses it will be found 
that the waste of ironis not excessive. 

To produce sound homogeneous ingots a good percentage 
of phosphorus—say between 1 and 2 per cent., or even in 
excess of this latter figure—appears to be indispensable, 
and irons containing so low a percentage as .5 do not appear 
suitable, unless this body is introduced in the charge by 
one or other of the known means, the best of which appears 
to be the use of ferro-phosphorus. That phosphorus can 
and does re silicon as a cource of heat in the Bessemer 
converter when working on the system Thomas-Gilchrist is 
no longer to be disputed. : 

he method of carrying out the process at Horde is as 
follows : After heating up the converter, and without tip- 

ing out the coke used in so doing, the lime mixed with a 
Tittle small coal is added, and, after blowing through for a 
few minutes, the metal is run in. In the three-ton con- 
verters the time occupied in blowing a charge of from 
8 tons 10 ewt. to 4tons, up to the vanishing point of the 
carbon lines of the spectrum, varies from 9 to 13 minutes, 
and the after-blow from 115 to 200 seconds. A test piece 
is taken shortly before the charge is considered as finished ; 
this when forged is cooled in water and then broken, after 
which the blowing is continued as may be considered neces- 
sary. A second test piece is now rarely taken, as the first 
is so timed that a further half or three-quarter turn-up of 
the converter suffices to finish thecharge. The slag is then 
run off and the spiegeleisen added. This running off of the 
slag prevents in a great measure the reduction of phos- 
phorus out of the same by means of the fluid addition. 

Good sound burnt lime broken up to about the size of 
hen’s eggs, and used as fresh as possible after burning, has 
been found to be the best basic addition ; and could this be 
introduced cheaply and expeditiously in a white or red-hot 
state into the converters, it would prove of great advantage. 
The lining of the converters will be better protected during 
the oxidation of the silicon and a fluid slag earlier formed by 
this means. 

The details of three charges are given below, and their 
analyses show clearly the chemical changes that take place 
during the blowing of the charge. 


Charge No. 67, composed of 
2400 Ibs. of foundry No.3 


3000 ,, white forge 
1000 ,, steel scrap 
420 ,, spiegeleisen, containing 17 per cent. 


a manganese 
6820 lbs. total raw material 


Weight of steel produced, 6074 lb. 


Charge No. 68, composed of 
2400 lb. of foundry No.3 


3000 ,, white forge 
1200 ,, steel scrap 
420 ,, spiegeleisen, containing 17 per cent. 


oa managanese 
7020 Ibs. of raw material and 6250 of ingots. 


Charge No. 69, composed of 
1800 Ib. of foundry No.3 


Giving 



































»  wWhiteforge 
1200 ,, steel scrap 
420 ,, spiegeleisen, containing 17 per cent. 
— manganese 
Giving 7020 lbs. of raw material and 6392 Ib. of ingots 
The total iron used in these three charges Ibs. 
amounted to... wad ese ese 20, 
And steel produced 18,626 
Giving alossof ... 2,234 
or 10.17 per cent. 
Analysis of Charge No. 67. 

— we 1 Ws S. Mn! Si. 
Tron as taken from cupola/ 1.04 /2.58/ 0.22 1.35! 1.08 
After a 11.75 mi- | 

nutes on fall of carbon 

lines = Pa «| 0.82 |0.08) 0.19 0.39) 0.09 
At overblow of 100 seconds} 0.08 |0.06/ 0.15 0.39) 0.007 
And further overblow of 15 | 
seconds... an +++} 0.045 10.04) 0.14 0.87) 0.005 
After addition of spiegel- 

eisen oan te ...| 0.06 0.28] 0.067 0.46; 0.002 

Analysis of Charge No. 68. 

wae P. j--@. S. |Mn.) Si. 
Iron as taken from cupola) 0.96; 2.82 | 0.16 | 1.04) 0.45 
After 14 minutes blowing, | 

and at fall of carbon lines} 0.70| 0.09 | 0.16 | 0.40) 0.02 
At overblow of 110 seconds} 0.09} 0.085) 0.15 | 0.33) 0.003 
At farther overblow of 15 } 

seconds .., eee ...| 0.05) 0.08 | 0.09 | 0.29) 0.000 
After adding the spiegel- 

eisen oo did ...| 0.06} 0.26 0.055} 0.31) 0.000 
































Analysis of Charge No. 69. 
nee | P. } ¢. 8. Mn. Si. 

Iron as taken from cupola) 104) 2.73 | 0.27 | 1.39) 0.72 

After 12 minutes blowing, | 

and at fall of carbon lines| 0.74) 0.08 | 0.18 | 0.45) 0.14 

At 120 seconds afterblow...| 0.06) 0.07 | 0.12 | 0.19) 0.004 

After addition of spiegel- 

eisen ms ons on i 0.24 | 0.063 | 0.40; 0.000 
| 





The slags contained 1.8 per cent. of metallic iron, and 
were composed as follows : 








& & & 
bo, bo. bo. 
— 3s £8 £3 

as) 5 S) 

|per cent.|per cent.|per cent 
Silica... = ose es, 9.50 13.81 11.10 
Phosphoric acid ote | 9.76 7.38 -| 12.43 
Magnetic oxide (Fe, O,) | 9.28 6.92 | 10.25 
Peroxideofiron  ... |. =| 14d 

Oxide of manganese (Mn,0,)) 6.16 6.20) 4.40 
Lime eevee wwe] 59.85. | 57.85 | 50.21 
Magnesia ose tes ee} 5.01 6.93 9.84 
Sulphate oflime .. ...| 0.87 | 0.22 | 1.15 
Alumina... ole ied «| trace trace | trace 








=. og testing machine the following results were ob- 
ined : 

Steel from charge No. 67 showed a tensile strength of 
50.1 kilogs. per square millimetre of section (say, 72,000 lb. 
per square inch), with an extension of 20.6 per cent. and a 
contraction of area at point of breakage of 44.8 per cent. 

Steel from charge No. 68 showed a tensile strength of 
53.5 kilogs. per square millimetre of section, with an exten- 
sion of 22 per cent., and contraction of area at point of 
breakage of 47 per cent. 

Steel from charge No. 69 gave a tensile strength of 
54.3 kilogs. per square millimetre of section, with an exten- 
sion of 19 per cent., and contraction of area at point of 
breakage of 42 per cent. 

All the test pieces had a length of 150 mm., and a dia-’ 
meter of 15 mm. 

These analyses and details must be apologised for to those 
members who are already acquainted with them. They 
are of an early date, but the Hérde Company do not feei 
justified in publishing later ones, pending the investigations 
of Geheimrath, Dr. Wedding, and Professor Finkener, as 
well as those of Dr. Miiller and Dr. Fischer, the latter of 
whom has taken very elaborate samples of the gascs 
evolved during the process and at the time of casting. 
These results will be public property at no very distant 
date, and will doubtless clear up certain hitherto confiicting 
theoretical views. 

A repetition of the views propounded on the rationale of 
the process by the best metallurgists of the day would here 
be useless, as a large literature on this subject already 
exists, and the great interest excited is vouched for by the 
investigations not only of the gentlemen already mentioned, 
but of MM. Tiinner, Griiner, Snelus, Pourcel, Jordan, 
Riley, Ehrenwerth, Stead, Gautier, Massenez, &c. 

The results of the three charges, Nos. 67, 68, and 69, show 
that without great loss of iron, silicon can be keptlow, and 
by having manganese in the bath a great deal of the sulphur 
is also removed. These facts point to the ‘wished-for end, 
namely, the use of a cheap cinder pig. The charges given 
only show a Joss of 10.7 per cent., but the average loss at 
present comes up to about 17 per cent. When pit scrap, 
skulls, &c., are weighed in, this amount is reduced to some- 
thing like 15 per cent. 

A point of some importance in connexion with this process 
is the blocking up of the converter with slag, and in cases 
where proper provision against this has not been or cannot 
be made, it proves the source of much delay. To provide 
against such a defect, many methods of fluxing the basic 
additions at an early period of the process have been tried 
with but negative success. t Horde, however, a system 
has been used that is very promising; and when a proper 
isolating medium for separating the acid from the teas is 
used, there is no doubt blocking up will be greatly reduced, 
if not entirely got rid of. The system referred to is the 
building in of good fireclay bricks on the points where the 
slag adheres, principally on the back of the throat and along 
the slag line of the converter when in its teeming position. 
At first, only 12 in. down the throat were so lined, but 
behind this the block-up was as tas usual. This zone 
was then deepened to 5 ft. in a converter of 16 ft., and the 
nose kept perfectly clean where the firebricks were built in ; 
still the slag bloeked up directly below this zone. This is, 
however, of small importance, and, indeed, tends to keep 
the iron from boiling over, while its position in no way 
interferes with the regular working of the converter. 

The blocking up of the converter appears not to be 
thorough erstood ; for whereas the Rhenish Steel 
Company have no cause of complaint with their 6-ton con- 
verters, and Horde no difficulty with the 3-ton ones, the 
8-ton vessel of the latter firm causes a good deal of trouble. 
No difficulty has been found in eliminating the phosphorus, 
even when such large patches of firebrick have been ns«d 
as here are referred to. 

The small converters can be much more rapidly manipc- 
lated than the larger ones, and the delay in taking the 
tests is not half so great. Delay is the cause of more block- 
ing up than anythingelse. To avoid this, there appears as 
the very best remedy, exceedingly rapid manipulation of the 
whole plant and the reduction of the necessity of i 
many, orany tests during thecharge. When working wit 








a perfectly known quantity of phosphorus and silicon, the 
former can be reduced to .07 or 0.08 without even once 
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testing. Again, when the bottoms do not stand, the block- 
ing up is very bad. This is no doubt caused by the insnffi- 
cient fluxing of the dolomite loosed from the bottom. The 
slag, being then thicker, adheres more easily. cases, 
the heat of the —— has been greater and the blocking 
up less when using the highest obtainable blast pressure. 

Great speed in working, together with large ladles, that 
allow of — teeming, combined with a sufficiency of phos- 
phorus and manganese, as also bottoms, with a mini- 
mum duration of ten charges, and the use of firebrick zones 
at the points most liable to incrustation, appear to be the 
solution of this inconvenience. Bottoms cause trouble princi- 
pally on account of their irregularity, giving at one time six- 
teen charges, and then, again, only four or five. The un- 
doubted cause of this is the insufficient calcination of the 
dolomite, which, when exposed to the influence of the at- 
mosphere after being ground, or even when grinding, 
rapidly absorbs moisture. It must be admitted that, if the 
causes of bad bottoms are as above stated, with more ex- 
perience and care in preparing them they ought all to go 
up to the highest figure here given. 

The average life of bottoms either rammed round pins or 
clay tuyeres reaches about nine charges, and with bricked 
ones better results have only been obtained occasionally. 

Converter linings last, including the necessary patching, 
from 90 to 130 charges. Patching consumes about 50 per 
cent. of the amount of bricks required when first lining up, 
so that a 3-ton converter requires for, say, 120 charges, or 
a = production of 460 tons, as near as possible 4500 basic 
bricks. 

The irons now used at Horde are their own rejected 
foundry No. 3, foundry scrap, a half-mine forge pig, the 
white forge pig of Messrs. De Wendel, Messrs. Metz, of 
Luxemburg, and that of the Ilsede Company in the province 
of Hanover. This latter contains as much as 3 per cent. 
of phosphorus and about 2.5 per cent. of manganese. 

he 3-ton plant produces about 40 tons daily, very near! 
the same as when working the same converters acid lin 
The shop is so cramped for room that rapid working is an 
impossibility. 

n this department, tyres, axles, plates, and material for 
wire are colely manufactured. Upwards of 4000 tyres have 
already been turned out, and many hundreds of axles. 
Everything is cast ascensionally, the tyre ingots in groups 
of four, the axles in groups of three double ingots, whilst 
for wire, 8-in. parallel ingots in groups of four are cast. 
These latter weigh about 600 lb. and are rolled down to 
1}-in. billets in one heat on a 12-in. train. 

The 8-ton plant has, for want of sufficient basic material, 
and during the alterations now making, only one of the 
three converters working on the system. This has to take 
its turn with the others, and from causes mentioned at the 
commencement of this communication, the production has 
not been so regular as that of its small neighbour. Here 
only rail ingots are cast, in groups of eight, of 10 in. square. 
These are in rolled direct in one heat, without previous 
forging or cogging. 

Doubts have been expressed as to the capability of produc- 
ing hard steel by this process. Little experience has been 
gained in Hirde in this direction, as nearly all orders are 
for comparatively soft material. The axle orders are 
specified as not under 50 kilogs. of tensile strength per square 
millimetre - a = -% — 1 the point ne 
breakage of not less than per cent. For tyres, the 
lowest tensile limit is 45 kilog., and the least allowable 
contraction 35 per cent. However, the sum of the tensile 
strength plus the contraction must reach 90. 

Such conditions can be fully met, and many test pieces 
show up to 63 kilogs. with a contraction of 39 per cent. This 
being the general quality desired, no efforts have been 
made at producing harder steel. 

In the softer qualities, for plates, wire, &c., it is at times 
astonishing what results are obtained. With 37 to 40 kilogs. 
of actual breaking weight, as much as 70 per cent., and in 
some cases even 75 per cent,, of contraction has been 
reached. At the same time, this ingot iron can take very 
high heats, forging and rolling without a flaw. The pro- 
duction of this especial quality is so aes the cheapness 
of the raw material, the certainty in working, its softness, 
and its ductility, all point to its driving at no very distant 
date puddled iron plates out of the market. For wire even of 
smallest gauges.it has been declared better than that drawn 
from billets puddled from charcoal pig. Some small speci- 
mens are on the table for your inspection, and as most of 
the members will probably visit Disseldorf during the 
autumn meeting, the exhibition there will show you what 
can be achieved in this respect. 

An interesting and practical proof of the quality of this 
steel has been given during the last fewdays. The fire-tube 
of a Cornwall boiler at one of the mines in the neighbourhood 
of Dortmund had to be removed on account of two of the 
plates bulging in. The water with which this boiler was 
fed contained such large quantities of common salt that an 
incrustation of several inches was formed in a very short 
space of time. Under these circumstances, the plates got 
red-hot and buckled in. They show no flaw, although 
the indentations are in some cases 4ft. long, from 6 in. to 
18in. wide, and 7in. or Sin. deep. These plates were 
manufactured at Hirde under the system of Messrs. Thomas 
and Gilchrist in February of this year. 

The character of plant that the Hérde Company possess 
is ill suited to the requirements of this process, which ac- 
counts for its slow development, and Hirde has had the 
disadvantage of being the experimental bureau for Ger- 
many. In order to get the full benefit that the process 
undoubtedly brings, special plant should be designed for 
it. — shops, with good facilities for clearing the 
pits of ingots and slag boxes, are very desirable ; possibly 
also the converters should be built up in sections, and, 
above all, plenty of blast and great speed in working. 
When a charge of 8 tons of white forge iron, containing 
up to two per cent. of phosphorus, is converted, including 
the afterblow, in eight or nine minutes, the metal will be 





at least as hot as that when grey silicious pig is used by 
the old method. In proof of this, a charge of white phos- 

horic pig was blown in the presenceof Geheimrath, Dr. 
Wedding , and Professor Finkener, and for the by am of 
ree IG correct diagram the charge was turned down no 
ess t eight times to take the necessary tests. The 
actual time of blowing was under nine minutes, and the 
steel ran ascensionally as well as could be wished for, with- 
out the least skull. 

At the Rhenish Steel Works in Ruhrort the process is 
worked even more successfully than at Horde, and the 
following German firms have arranged for working or are 
working under this system: Messrs. De Wendel, Messrs. 
De Diedtrich, Gienauth Brothers, Stumm Brothers, the 
Lothringen Iron Works at Ars on the Moselle, the Burbach 
Iron Works, the Rothe Erde by Aachen, the Bochum 
Coneeny, the Kénigen Marien Works in Saxony, and 
others. 

I have purposely avoided the theoretical side of the 
uestion, leaving this to be dealt with by those who have 
evoted so much valuable time to it, and who have already 

given, and in the immediate future will doubtless again 
give, you a library of information on the subject. 








REACTIONS IN THE OPEN-HEARTH 


PROCESS.* 
By Artuur Wits, F.C.S., Landore Siemens Steel 
Works, Swansea. 


In this short paper it is not my intention to enter into 
the details of the construction of the open-hearth furnace, 
these having been so often and so ably described on former 
cccasions, but to confine myself to the behaviour of the 
metal in the furnace from the time the charge is melted 
until its completion. 

Steel from the open-hearth furnaces, as is well known, 
can be produced either from: 

1. A mixture of pig iron and scrap. 

2. Pig iron and iron ore without any scrap. 

8. Pig iron, scrap, and iron ore. 

All these methods can be employed with advantage, but 
the most usual is the third—not that there is pn Be seme 
need to use es but because it utilises all scrap produced 
during the different stages of manufacture. In the 
Bessemer process carbon, silicon, and manganese appear 
to be eliminated uniformly. In the open-hearth process 
the degree and the time of elimination are quite different. 

During the time the charge is passing into the fluid 
state, carbon, silicon, and m: ese are all more or less 


oxidised, about 50 per cent. of the total amount contained | may 


. the charge, varying slightly with the temperature of the 
urnace. 

As soon as the whole of the charge is fluid, the carbon 
remains almost if not entirely stationary, until the whole 
of the silicon and manganese are oxidised, which process 
takes from three to four hours. 

During the time occupied by the oxidation of the silicon 
and the manganese—no being given off—the metal in 
the bath remains tranquil. When the silicon is reduced to 
about 0.02 per cent., and the has disappeared 
entirely, the oxidation of the carbon commences, and the 
evolution of carbonic oxide throws the metal into violent 
ebullition, described by the melters as ‘‘ being on the boil.’’ 
This ebuilition continues more or less until the carbon is 
reduced to 0.10 per cent. or under, when the metal becomes 
ye quiet, and the slag, which half an hour previously 

been of a brownish tinge, begins to blacken from a 
slight oxidation of the metal. 

—_ nee analyses - rri Met ome goper 
carbon, silicon, manganese, during the different peri 
of the process, I have selected two. ; 

No. 1 was an ordinary pig and ore charge with about 
25 per cent. of scrap. No. 2 was asimilar‘charge as far as 
composition was concerned, but after the pig and scrap 
were melted sufficient spiegeleisen was added to give by 
caleulation 1.5 per cent. manganese. Samples of the 
metal in each case were taken every half hour and carefully 
analysed, with the following results : 


No. 1. 
Carbon Silicon 
per cent. cent. 
1 .00 P81 
2 1.00 1.118 
3 1.00 506 
4 1.00 826 
5 1.00 232 
6 1.00 046 
7 1.00 .020 on the boil 
8 80 
9 5D 
10 44 
11 25 
12 18 
13 -10 
14 .06 
No. 2. 
Carbon Silicon Manganese 
per cent per cent per cent. 
1 34 1.60 1.40 
2 1.34 -910 -792 
3 1.34 -260 -100 
4 1,34 140 
5 1.34 -080 
6 1.34 023 
7 1.34 
8 1,24 
9 1,10 
10 1.00 
11 90 
12 .68 
13 50 





* Paper read before the Lron and Steel Institute. 


iable alteration takes 


When pure ore is used, no aj 
ur and an oa con- 


in the percentage of sul; 


1 ote + a and , but of ce ope i ok agen Sh 
em on urest. containing sulphate of baryta 
in aentiiies are an exception, but it should always 


carefully avoided. In an 
iption, 30 per 
was 


ke for and such ores 
experiment made with an ore of this d 

cent. of the sulphur existing as sulphate 
added to the metal. Several experiments were some 
time ago on a series of charges at Landore from the same 
cargo of pig iron—a No. 1 hematite—and ores from various 
districts, no scrap being used in any of the charges, and the 








following results were obtained : 
Name of Ore Sulphur in Pig (Sulphur in Finished 
used. Tron. Steel. 
cent. r cent. 

Elba. 7.025 70.032 
Marbella 0.025 0.064 
Sommorostro 0.025 0.025 
Mockta .., 0.025 0.025 
Tagus_... 0.025 0.064 
Soumah ... 0.025 0.048 











To insure that the pig iron was not mixed, samples were 
taken in each case when the metal was melted, and it was 
found uniform throughout. 

M. Pourcel, at the last meeting of the Institute, stated 
that steel made from ore charges was unsuitable for plates. 
I can only say that the whole of these charges were manu- 
factured into plates, which had a breaking strain of from 
27 to 29 tons per square inch, and elongated from 25 to 
30 cent, in 8 in. 

he pig iron most suitable for the oqenhente process 
—the sulphur and phosphorus being low—is that con- 
taining the least carbon and silicon. In the first place it 
contains a higher percentage of iron, and, in the second, it 
does not require to be so long in the melting furnace before 
the metal is completely decarburised. Moreover, pig iron 
containing a large percentage of silicon although it is all 
oxidised, invariably yields inferior steel. Why, I cannot 
say. More than 0.50 per cent. of manganese is objecti q 
not only on account of the delay it causes, but becanse of 
the destruction of the silica bottom by the formation of a 
fusible silicate of manganese. It is not only difficulties 
that can be explained, that a metallurgist, dealing with what 
be called this mysterious compound steel, has to con- 
tend with, but also those which our present knowledge fails 
to account for, From long experience I find that steel 
from different brands of hematite pig iron, chemically the 
same, and made from the same ores, not only act diffe- 
rently in the furnace, taking more time, cutting the bot- 
tom, &c, but in their finished state show a marked diffe- 
rence in their tensile and other tests. At first I was in- 
clined to impute this to some defect in the mode of analysis, 
which failed to detect minute traces of elements, possibly 
derived from the coke or limestone used in their manufac- 
ture; but, in contradiction to this, I found that two car- 
goes of pig iron of different brands, both of which worked 
in a most unsatisfactory manner by themselves, gave, when 
mixed in equal proportions, results which were everything 
that could be desired. Others invariably gave good results 
per se, and, by mixing as many brands as possible, uniform 
results may be obtained. 

Experiments made at Landore show that no metal added 
to the bath of steel has the slightest effect, .* far as the 


ods | elimination of sulphur is concerned, and manganese is the 


only metal that will counteract it. 

Manganese has been described as a cloak for bad ma- 
terial. No doubt this is so to a certain extent, but at the 
same time its presence is indispensable in steel made by an 
oxidising process. An ingot from a charge composed of 
Swedish pig iron, and puddled bar made from the best 
hematite pig containing no manganese, will break into 
pieces at the first blow of the hammer; whilst a similar 
ingot, containing 0.08 per cent. manganese, will forge. 

ungsten alloyed with steel appears to harden without 
detracting from its toughness, but I doubt much whether 
the advantage gained compensates for the cost. Tungsten 
is also said to add to the magnetic power of steel, but of 
this I have no experience. In steel supplied to a Cornish 
mining company from Sheffield for borers, I found as much 
as 10 per cent. of tungsten. 
PP be as fracture goes, this alloy is the most beautiful of 
steels. 

I have no Aura mgm to the effect of tin on steel, but a 
bar of iron e from tin-plate shearings, from which the 
tin had been to a considerable extent removed, was ex- 
tremely red-short and unweldable; the amount of tin 
contained in this sample was 0.15 per cent. Lead and 
zinc, when added to a bath of steel, are — volatilised, 
without producing any effect except that of half-choking 
the melters. 

Chromium gives great hardness, but at the same time 
causes brittleness, and may be put down as useless. 

The effect of copper upon steel seems to be greatly ex- 
aggerated in most me ical works; it is generally 
stated to cause more red-shortness than the same amount 
pdb on Ls some eoperipente made oh Lene it he 

0 .10 per cent. of copper prod: no appreciable 
effect on the quality of steel; and even when the amount 
was increased to 0.30 per cent., only a yg cracking on 
the side of the bloom was observable. This question is, 


rhaps, more important than appears at first sight. One 
Possible difficulty that soft al paneticusers will howe 


to contend with will, no doubt, be the scarcity of man- 
ganese ores suitable for the manufacture of . -man- 
ganese, and many good ores might be rejected on account 





of the presence of copper, a very frequent companion of 
mamngumene: At the present time eave kthispanene contain- 
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ing 5 per cent. cf copper would certainly be unsaleable, 
although, in my opinion, it could be used with impunity. 


In conclusion, I remark 
me of the marite of the two 


steel —é.e., 
considered 


steel can be controlled. 





FOREIGN AND COLONIAL NOTES. 
Rails for the Adelaide and Nairne Railway.—The 
rails laid down on the Adelaide and Nairne Railway, South 
teel and will weigh 61 lb. to the yard. 


Australia, will be of s 


that any comparisons made 
great processes for making 
the Bessemer and Siemens—would doubtless be 
udiced; but I believe it is now 
conceded that for soft steel the latter carries off the palm, 
and this I attribute to the com 
silicon, to the mixture of different 
absolute certainty with which the carbon in the finished 


lete elimination of the 
a of pig, and to the 


The engines used will weigh about 45 tons. 


Water Supp 
= of Sow’ 


structing wells, 


Government Gums and a point 25 d 
137 deg. E. long., a distance of about 


of last 


manufacture. 


Rails and Plant on the Chicag 


Railroad Company hes now 617 miles of its road laid with | Commecting the Atlantic with the Mediterranean. M. 
steel being an increase of 94 miles in the past year; | Daclere urges the military, economical, and commercial 
t has been added : 21 loco. | #dvan of such a canal; and he concludes by an appeal 


and the f new equi 
motives, 8 first-class 


derrick cars. 


levated E' ic Railway for Berlin.— i 
Connell of os oy Ba : r consi don —_ year the Paris, zane, and Mediterranean Railway Com- 
posal, submitted by Messrs. Siemens and Halske, for the | Pany laid 224% of single line with steel rails upon its 
construction of across a of the | Old network. Upon the main line from Paris to Marseilles 
German capital. A to pro} there will be | there are now only 17} miles to lay with steel. 
two lines of rails, one for and another for the down mange ane pnvons © gumenes) ws upon the old net- 
" ‘The linge will be carried on iron pillars 14ft. 9 in, | ¥ork involved an outlay 99,692 Inet year In 1878 the 
, and nearly apart. i will be corresponding outlay was 345,8521. 


ines. The com 


icceranautadion ath, ond tertins oree, 400 box 
cars, . , and express cars, 7: x 
and caboose cars, 250 stock cars, 23( flat coal cars, 2 


0, Milwaukee, and St. 
Milwaukee, and St. Paul 


of South Australia. — The surveyor- 

Australia has been authorised by the 

th Australian Government to expend 30001. for con- 

i , reservoirs, and tanks between the 

. 30 min. S. lat., 
miles. 


Locomotives on the Orleans Ratlway.—In the course 
the Orleans Railway Company added two 
locomotives to its stock of e 
motive stock was thus in to 964 locomotives and 928 
tenders. One of the engines added last year was of English 


horse 


stoppages 
merally 


ially to fi 


will lead to a depreciation of property. 


A Pennsylvanian Coal Discove 


Pan Han 
capitalists. The spot at which the discove 


work of mining an easy task. 
the property effect a pure 


y's loco- | § 


been sent to the mem 


to the 
least aid in its execution. The scheme has 
by a private company. 


ranean Railw 





will propel the carriages, will be placed under the floor of 
the carriage between the wheels, and a steam e' 
wer, which will be employed in the p: 
the electricity, will be placed at the terminus. 
will be very few, and the rate of speed will be, it 
is expected, about 20 miles an hour. The chief object of 
the undertaking is to convey persons quickly across the 
city, and es: acilitate access to the city line of 
selene. he chief objection raised is that the carriages 
will pass along at the level of the first floor of the houses in 
the streets which the line will traverse, and it is feared this 
The magistrates 
have appointed a special commission of engineers and 
architects to examine into and report upon the proposal. 
.—A rich coalfield has 
been lately discovered within 20 miles of Pittsburgh, on the 
dle Railroad, which is attracting the attention of 
has been made 
is near Chartier’s Creek, and adjoins lands lately purchased 
by the Keystone Coal Company. T'wo veins, one 6 ft. and 
the other 11 ft., have been found, the former,being close 
to the surface, and the latter 40 ft. below, it making the 
The coal appears to 
coke well, and if the —— at present looking at 
, employment will be 
oomee number of men, as coke works will proba’ 


The Atlantic and the Mediterranean.—A circular signed 
by M. Daclere, vice-president of the French Senate, has 
of the Senate and the Chamber 
of Deputies with reference to a project for the construction 
of a maritime canal between Bordeaux and Narb 


foundations are being laid between Rose-street and William- 
street. The approach is complete from Franklin-square 
to Rose-street. the Brooklyn side no work has been 
done on the approach since winter set in. Only one block 
remains to be crossed on that side. In the shops at the 
foot of the tower, work is now going on preparing the 
appliances to be used in putting in place the steel super- 
structure as soon as it ins to arrive. Colonel W. H. 
Payne, one of the supervising engineers, has been superin- 
tending the manufacture of the steel, and applying the 
necessary tests. 


French Coal Mining.—In the course of last year, the 
Grand’ Combe Mines Company extracted 685,000 tons of 
coal and 24,945 tons of lignite:, making an aggregate of 
709,945 tons. This is Any sa’ extraction ever effected 
oo single year by the company. In the first three 
months of this year the extraction amounted to 199,541 
tons, or 18,879 tons more than the corresponding produc- 
tion for the corresponding period of 1879. 


Adelaide and Nairne Railway.—Tenders hare been 
invited for the construction of the first section of this rail- 
way over Mount Lofty. It is 19 miles long, and will 
extend from the junction on the port and city line to the 
top of the range, where the site of the “‘ Sammit Station’’ 
has been fixed at an altitude of 1625 ft. above the level of 
the sea, and about half a mile south of the township of 
Crefers. The works on this portior of the line will be 
very heavy, especially from the fourteenth to the nineteenth 
mile—from Government Farm to the Summit—as there 
is a continuous gradient of 1in 45. The whole of th 
eight tunnels on the line will have to be made on this 





mch Government to undertake the work, or * 


Permanent Way on the Paris, Lyons, and Mediter- 
.~It appears that in the course of last 


The East River Bridge.—About 500 men are now em- 
aed on the New York approach between William-street 
wnd | aud Cliff-street. They are principally brick and stone 
, which ! masons, carpenters, engineers, riggers, and labourers. The 





tion, but happily they-are not long, the longest 
being less than a quarter of a mile ( a Bn and the 
length of the whole being 260 within a mile. 
The tunnels will be of a uniform height of 16 ft. 6 in. and 
15 ft. wide. Close to the longest tunnel will be two large 
iron v ts, the principal one of which will be 360 ft. 
long by 100 ft. high, while the second one, which almost 
adjoins it, will have a length of 260 ft. by a height of 75 ft. 
Near these viaducts will be some v high and massive 
retaining walls to prevent the earth sliding down into the 
gullies below, and a little beyond will be some of the highest 
embankments on the line. Earthworks varying from 10 ft. 
to 75 ft. high are met with at almost every turn in the 
hills, and near Relair they are especially heavy. 
_ Virginian Iron Ore.—The Pennsylvania Steel Com: 
ee ty Vigne pl gre iron ore from 
ylvania County, ia, whi io Wega trans- 
an over the Virginia Midland, Baltimore, and Ohio and 
No: isburg, Penns 
vania. 





rthern Central Railroads, to Harrisburg, yl- 
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JAPANESE METALLURGICAL 
PROCESSES.—No. VI. 
By Epmunp F. Monpy, F.C.S. 
CoprpER—continued. 

Tue Ashiwo Works are situated about 100 miles 
north of Tokio in the Tochiki Ken, of the province 
of Shimodzuki, and were visited by the writer on his 
return journey from the northern provinces. 

These works were found to be much smaller than 
is generally supposed, the false impression as to 
their size being probably due to the fact that 
they are within fifteen miles of Nikko, a famous 
resort for foreigners in Japan during the hot 
months, and more is therefore heard about 
them than about other and more remote mines; 
hence a somewhat exaggerated idea of their impor- 
tance is obtained. Probably, however, these mines 
have seen better days, and at some period were 
more actively worked than at present, as they are 
stated to have been opened up in the early part of the 
seventeenth century. 

The mining operations are carried on from both 
sides of the Ashiwoyama mountain, at an eleva- 
tion of about 2500 ft. above the sea, and some two 
miles from the town of Ashiwo, which is about 
500 ft. lower. These two mining centres have 
independent smelting works, since the ore is, as is 
a, smelted in close proximity to the mine from 
which it is raised. The processes carried out at 
these two branches are precisely similar, with the 
exception that at one of them, sulphate of copper is 
manufactured from the slimes and poor ore. 





FIG 12 - _... 





ee 


The ore consists mainly of copper pyrites mixed 
with small quantities of richer sulphides and a little 
black oxide, together with iron pyrites, Before 
being sent for metallurgical treatment, they are 
submitted to the following dressing operations : 

1. The ore from the mine is brought into a room 
about 50 ft. square, where it is broken into pieces 
about the size of a hen’s egg, and then so: into 
twoclasses by women using hand hammers (Fig. 11). 

2. The broken ore is then passed on to other 
women, each using a small hammer weighing about 
1}1b., and working at a stone anvil let into the 
ground; by them the broken ore is gradually re- 
duced in size, as it is passed from one to the other, 
until reduced to powder. 

3. The finely-powdered ore is next passed on to 
women, each working over one of a series of tanks 
of water placed in a row, with a stream of water 
flowing from end to end through holes in the par- 
titions between the tanks. 

In front of these holes in each tank, a large flat 
stone is placed, extending from side to side of the 
tank just below the surface of the water (see Fig. 12), 
and upon the stone the ore is placed to receive its 











VIEW OF JAPANESE CoprpeR WORKS. 


kind of hearth in charges of 2000 lb. at a time. 





first washing, by allowing the stream of water to 
flow over it as it enters the The slimes are 
received in a box, placed in the bottom of each tank, 
and which is emptied as soon as it has become filled. 
In these two particulars the arrangement of tanks 
differs from those more generally in use, 

The women in dressing the ores use a shallow 
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wooden dish, like that already described as in 
use at Kosawa, the manipulation also being similar. 
The ores when dressed are ed on to the roasting 
kilns, while the best of the slimes and the rer 
crushed ore are carried to kilns to be roasted for the 
manufacture of sulphate of copper. 

Ore Roasting.—The kilns in use are of similar con- 
struction to those which have been already de- 
scribed, but are somewhat smaller, being about 34 ft. 
deep and 34 ft. in diameter at the top, where they 
are in the form of a large segment of a circle. There 
are said to be fifty-seven of such kilns here, placed 
in rows at various parts of the works. A charge of 
1660 lb. of ore is roasted in each of these kilns, the 
charge being roasted three times in succession. The 
fuel is wood, of which a pile, 6 ft. square and 20 in. 
high, serves for the complete roasting of each 
charge. The time occupied on the average for the 
three roastings is about twenty days. 

The ore thus roasted is next smelted in the usual 


The products are, as usual, copper and regulus, 
averaging 166 Ib. of copper and 1166 lb. of regulus, 


as the poor ores and slimes are used for the mani- 
facture of sulphate of copper, it is possible that a 
much richer dressed product is treated. From 
660 lb. to 830 lb. of charcoal are used, and the opera- 
tion lasts about four hours; when finished the slag 
is skimmed, the regulus removed in skins, and the 
et laded out into moulds, the last portion being 

en out in a rough lump and used in the regulus 
fusion. The furnace cavity is nearly circular in 
horizontal section about 2 ft. in diameter, and is 
about > gs deep. There are four such furnaces for 
this work. 

The regulus produced in the last fusion is broken 
up and roasted in a manner precisely similar to that 
followed in roasting the ore, the same kilns being 
used indiscriminately for both pu s. The time 
required for the three roastings is fifteen days. The 
fuel is wood, and the same amount is consumed as 
in roasting the ore. 

The roasted regulus is next smelted in the smelt- 
ing furnace together with some of the metallic copper 
ae in the ore fusion. ‘This second (regulus) 

usion follows immediately after the first, and in the 
same already heated cavity. The time occupied is 
about eight hours, making in all twelve hours for 
the two fusions. The charge consists of about 
1300 Ib, of roasted regulus and half that amount of 
copper from the ore fusion, The products are about 
830 lb. of copper and a little regulus, which is 
returned to the regulus roasting charge. The copper 
is laded out into cast-iron moulds about 10 in. long, 
6 in. wide, and 8 in. deep, the moulds being heated 
before pouring in the copper. In this form the 
copper is sent away from the works. 
he regulus is said to contain but 20 per cent. of 
copper, but judging both from its appearance and 
yield this amount is undoubtedly too low. The 
blast in both fusions is produced by two bellows of 
the ordinary Japanese type, but somewhat longer 
than those used in most other works, They are 
placed behind the furnace wall as usual. 

It will be observed that the method adopted here 
in conducting these two fusions—ore and regulus— 
differs from that at the works already described, in 
the detail that one process follows immediately after 
the other, in the same furnace cavity. In other 
works the general plan is to keep the two fusions, 
where such exist, quite distinct. Later on it will be 
seen that this is a step in the direction of the prac- 
tice pursued in some parts of the country in produc- 
ing metallic copper from the roasted ore in one 
operation, though it differs from it in some essential 

iculars. 

The Manufacture of Sulphate of Copper.—The most 
interesting feature of these iwo Works is the 
manufacture of the sulphate of copper, as it is quite 
exceptional for the waste products at the Japanese 
metallurgical works to be thus utilised. 

As already stated, it is the richer part of the slimes 
and the poorer ore that are used for this purpose. 
A mixture of these is roasted in charges of about 
2000 Ib. at a time in the ordinary roasting kilns, 
the roastings occupying about thirty days, and the 
charge, being treated three times in that period. 
The fuel is wood, and a pile 6 ft. square and 20 in. 
high serves for the roasting of one charge. There 
are thirteen kilns in use for this purpose. 

After the roasting is completed the product is 
drawn out of the kiln, spread out over the ground, 
and allowed to weather, until it is covered with 
a crust of sulphate—this usually occurs in two or 
three days. It is then gathered up and carried 
to the crystallising room, a small but very closely 
packed place, having within it a number of dissolv- 
ing vats, evaporating pans, and crystallising tubs. 

The weathered roasted ore and slimes mixed with 
water are charged into the dissolving vats in small 
quantities at a time. These vats are similar to those 
used in the wet silver extraction processes, but 
smaller, They are simply round wooden tubs about 
34 ft. high, 24 ft. in diameter at the top, and 2 ft. at 
the bottom, They are provided with two bottoms, 
one permanent and the other placed a little distance 
above the first, and separated by a cross of wood. 
Upon this cross is supported a thick cover- 
ing or filter of straw matting. Between the two 
bottoms a tap is placed to draw off the clear liquid 
as it filters through. The tub or vat being ready, 
and the charge, with a sufficient quantity of water 
to drench it, being put in at the top, it is allowed to 
rest for a time, when the tap is opened and the clear 
solution of sulphate is drawn off; more water is added 
to the charge repeatedly, until the runnings from 
the tap show no more sulphate of copper in solution, 





This appears to be a'rather high result, though 





The spent charge is removed, and when a suflicient 
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quantity has accumulated it is again roasted and 
subjected to the process of filtration, the operation 
being generally repeated three times. 

The dilute solution of sulphate thus obtained is 
next transferred to a series of iron pans about 2 ft. 
in diameter and | ft. deep, heated by a fire beneath 
each pan. Here the liquor is concentrated to a 
oryatallising point, which is ascertained by thrusting 
in a stick and observing the formation of crystals 
upon it, It is then laded out into other wooden 
tubs about 2 ft. high and 1 ft. in diameter, where 
it is allowed to cool and crystallise on the sides 
and bottom, from which it is taken off, and is 
ready for the market. The mother liquors are 
again concentrated and crystallised until too im- 
pure for further treatment. It is said that from 
the fully spent liquor, alum is afterwards obtained. 

This manufacture of sulphate of copper forms a 
fruitful field for the exercise of Japanese ingenuity. 
For some distance round these works, especially in 
the neighbourhood of Nikko, beautiful sulphate 
crystals are exposed for sale at the shops and offered 
for sale at the tea-houses and hotels as great curio- 
sities, the purchasers being informed that they are 
obtained from a lake in some inaccessible region of 
the glorious Nikko mountains, It is not an un- 
common thing for beautiful masses of these crystals 
to be brought to Tokio, a distance of 100 miles, by 
credulous visitors. At Ashiwo, the manufacture of 
these specimens is freely carried on, lumps of slag, 
wood, and other substances are suspended in the 
erystallising liquor to collect the crystals, which 
are palmed off on the unwary. 

Notwithstanding the distance from Tokio—about 
105 miles by road—the produce of these mines has 
a comparatively easy outlet, owing to the fact that 
with the exception of the first 15 miles, freight can 
be transported by the ordinary two-wheeled carts 
of the country, and at Koga, about 41 miles from 
Tokio, where the road crosses the River Tonegawa, 
goods are transferred to boats and conveyed down 
the Tonegawa and Yedogawa, direct to Yedo Bay 
and Yokohama. The first 10 miles of the route, 
however, cross the mountain pass between Ashiwo 
and Hosoo, having a rise of over 2000 ft., while the 
succeeding five from Hosoo to Hachiishi are over a 
narrow rugged path by the side of a mountain 
torrent. Over this distance nothing more economical 
than pack-horses can be used, and owing to the 
steepness of some parts of the pass these cannot 
be heavily loaded. 

The cost of freight from the mine to Yokohama is 
about 50 cents per picul (1334 1b.), and the value 
of the same quev‘ity of crude copper at Yokohama 
is on the average about 16 dols., thus showing that 
the cost of freight over the whole journey to Yoko- 
hama is only about ,4nd of its value, a result which 
will compare very favourably with the cost of freight 
from most mines in the interior of Japan. 

Lyman* states that the wages paid are: miners, 
20 cents in money and 6} cents in food per day, 
tools costing 6 cents extra; carriers are paid 
16 iF cents per day. 

iners paid by the piece receive 10 dols. for a 
cutting 5 ft. long, 4 ft. high, and 2} ft. wide, if in 
soft rock, and 20 dols. if in hard rock. Charcoal for 
smelting costs 8 to 5 cents per kuwamme (8} Ib.), 
common charcoal costs 2 cents per kuwamme, On 
comparing these rates of wages with those ruling 
at the Ani mines, it will be seen that the workmen 
are better paid at Ashiwo. 


DUPLEX TELEGRAPHY. 

WHEN it was first announced, about ten years 
ago, that two telegraphic messages can be sent in 
opposite directions at one time through a single line, 
the statement awakened almost a feeling of incre- 
dulity as well as amazement. The duplex telegraph 
has, however, proved to be a practicable fact, and in 
the course of time all the most important circuits, 
including many submarine cables, have been satis- 
factorily ‘‘duplexed.” Nevertheless, the how and 
why of the method of accomplishig the problem of 
duplex transmission has remained for the most part 
a sealed book to the outside world, understood only 
by the few who claimed a knowledge of telegraphic 
engineering. The few attempts that have been 
made to introduce an elementary explanation of the 
matter into popular text-books have failed to seize 
the mind of any but the determined student, The 
ordinary reader who wants to learn how two mes- 

can ibly be sent through one wire at once 
finds himself bewildered by the strange diagram- 








matic forms shown him by way of explanation ; and 
when he arrives at the point of being told that the 
two currents do not really cross one another in the 
wire, but yet produce the same effects as if they 
really crossed, he gives the matter up as a conun- 
drum beyond his powers of digestion. 

Nevertheless the matter is really simple enough, 
and has hitherto remained as a sealed mystery 
solely for want of clear and simple exposition by the 
help of models and analogies, and such other aids 
as a skilful teacher might employ. 

Quite recently the means of illustrating aud ex- 
plaining in the simplest imaginable manner the 
working of the duplex has been found by M. 
Antoine Breguet, a member of the celebrated firm 
of telegraph engineers of Paris. M. Breguet has 
constructed models in which the motions of the 
currents are represented by the flow of water in 
pipes, small water-wheels inserted in the circuit 
taking the place of galvanometer needles or relays. 

Many solutions of the problems of duplex tele- 
graphy have beed attempted, beginning with the 
project of Gintlin 1853, and first attaining practical 
form under the hands of Stearns in 1870. The 
problem of the duplex telegraph consists in pro- 
ducing such an arrangement of conductors, batteries, 
and keys as shall cause the signal sent by an 
operator to affect the receiving instrument at the 
other end of the line without producing any effect 
upon his own ; and along with this condition things 
must also be so arranged that the signals from either 
end of the line shall affect the instrument at the 
other end, quite irrespective of any signals which the 
operator at the other end may be sending. 

The means which have been suggested for attain- 
ing the end in view are numerous ; but they may be 
resolved for the purpose of convenience of study 
into two general methods ; (1) the differential method, 
and (2) the method of Wheatstone’s bridge, or more 
simply, the bridge method. 

The differential method is admirably illustrated by 
the model of M. Breguet, shown in the accompany- 
ing figure (Fig. 1), in which the wires are replaced 
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by water pipes, to which water may be admitted 
under pressure by a suitable tap at R. Let us 
suppose one-half of the apparatus to represent a 
station at London, the other a station at Bristol, a 
long pipe representing the line wire. All that is 
necessary is clearly that matters be so arranged that 
the receiving instrument at Bristol shall be affected 
by messages transmitted from London, and unaffected 
by those which are transmitted from Bristol. To 
attain this result the receiving part in the model is a 
sort of double mill-wheel M M', which will turn upon 
its axis when the currents through the two enclosing 
boxes flow in the same direction side by side, but 
which will remain still if the two currents flow in 
opposing directions, except in the case where the 
current through M is greater or less than that 
through M', in which case the action will be clearly 
due to the difference between the greater and the 
lesser force. A little inspection of Fig. 1 will show 
that if the tap R at London be turned, the water 
will flow in opposite ways through the two boxes, 
half the current passing down through one, and half 
flowing up through the other, provided the resist- 
ance to the flow be made equal in both branches. 
Hence the current sent from London does not affect 
M M', the “differential” receiving instrument at 
London, The current which is transmitted along the 
line to Bristol will, however, through round the 
two mill-wheels at Bristol in the same direction ; and 
the receiving instrument at Bristol will, therefore, 
respond to the current from London, and vice versd. 
Now, consider what will happen if while a current 
from London is thus working the receiver at Bristol, 
a current should be sent from Bristol to London 
by opening the tap R'. The flow from R' will 
divide itself into two parts, one going upwards and 
then down through hr, the other downwards and 
then up through The portion that flows through 
M will meet the line current from London and stop 
it by opposing to it an equal and opposite force. 
The portion that flows upwards will flow down 
through M' and turn it, just as if the current came 


end, since the line currents simultaneously trans- 
mitted from both ends have, as we have seen, 
neutralised one another in the line wire, the receiver 
M at London will be worked by the unopposed half 
of the current, and will work in the same way as if 
the current came from Bristol. In actual working 
this double water-wheel of the model is a differen- 
tially wound galvanometer or relay, there being two 
coils wound round the magnet and traversed by 
separate currents, as in the ordinary differential 
galvanometer. 

The bridge method of duplex telegraphy is even 
more simple and beautiful. ‘The model illustrating 
its action is drawn in Fig. 2, which again we will 
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explain as a matter of the flow of water. Suppose 
that a river flowing down a steepish course were to 
divide into two parts and form an island in the 
middle. 1t would be possible to cut a channel across 
that island from one side to the other in which, 
though full of water, no current would flow. For, 
to cause a flow there must be a difference of level; 
and you might choose two points on opposite sides 
of the island at the same level. In that case clearly 
no current would flow, no water-wheel placed in the 
channel would turn, unless the level of the water at 
one point were raised or lowered. Fig. 2 represents 
again two stations. Ifthe tap at R be turned the 
flow will divide right and left, and if the resistances 
to the flow be equal in the two arms, the pressures 
at A and B, though at each a little-less than at R, will 
be equal to one another, and no stream will flow 
through M. But the half of the current which passes 
by B will traverse the line, will divide at the point E, 
and will work the receiving instrument at Bristol. If, 
however, while the signal is thus being sent from 
London to Bristol, a current be sent from Bristol 
to London by opening the tap R', what will occur ? 
There will be two currents flowing towards E in 
opposite directions. The level, so to speak, of the 
current at E will be higher than that at F, and the 
wheel M will still work as if it were being worked 
from London, while in reality it is worked by water 
flowing from KR’, the line current being almost 
stopped, Meantime the instrument at London will 
indicate a current. For if the line current be wholly 
or partially stopped, the level at A will be higher 
than that at B and hence there will be a flow from 
A to B just as if a current were coming from Bristol 
through the line to turnit. It is therefore evident 
that this arrangement leaves each instrument under 
the sole control of the transmitter at the other end 
of the line. This elegant solution of the problem 
possesses an advantage over the previous method in 
not requiring a differentially constructed instrument 
as a receiver, hence the ‘bridge method” can be 
applied to any kind of tel instrument, needle, 
orse, automatic, Hughes, or even syphon re- 
corder. ; 

How exactly this hydraulic arrangement repre- 
sents the working of the duplex telegraph may be 
seen by comparing Fig. 2 with Fig. 3, which is the 
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ordinary diagram of the duplex circuit arranged on 
the bridge method. Here Mand M‘' are the instru- 
ments, The batteries with their keys are shown, 
and the various contacts to earth. P and Q are re- 
sistances, or in the case of longer lines, combinations 
of resistances with condensers. We omit for the 
sake of simplicity the condensers, which must be in- 
troduced into the other arms of the bridge for cable 
working ; they are not essential to the method ; and 
these also might, we think, be represented without 
difficulty in hydraulic models by means of vessels 
divided by elastic partitions. Nor would there be 
any difficulty in extending the method of illustra- 
tion to the more complicated case of quadruplex 








~ * Report of Geological Survey of Japan, 1878-9, by B. 8. 
Lyman. 
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Die Verarbeitung der Metalle auf mechanischen Wege. 
Lehrbuch der mechanish-metallurgischen Technologie. 
Von A. Lzepresur, Professor at the Royal School of 
Mines, Freiberg, Saxony. 

In a preface, which the author says he wrote before 
he commenced his work, he states that his reason 
for producing it was that the students under his 
care might have all the information he treats of, 
conveniently to hand in one book instead of having 
to search for it in several separate works, and 
expresses the hope that the experience of fifteen 
years at the head of a large engine works, combined. 
with the knowledge acquired in his 
may enable him to provide something suitable to 
the wants of those to whom it is specially addressed. 
There are four divisions in the book; the first 
treating of metals generally, the second of the 
primary means of producing form, the third of 
the finishing processes applied to metals, and the 
fourth of the means adopted for beautifying or 
preserving metals. In the first division the general 
properties of metals and their alloys are described, 
and as examples of the latter tae compositions are 
given of several statues cast at various periods from 
the twelfth century downwards. A short table is 
also added giving the tensional strength of several 
metals, comparisons being given in many cases as 
to the strengths of the same metal when cast, or 
rolled, or hammered; also when in their ordinary 
form, and when drawn into hard wire, 

Dividers, callipers, hammers, and gauges, &¢., 
are next described and illustrated, and we would 
draw attention to a very neat arrangement, shown 
in Fig. 26, for.gapidly marking off the centres of 
circles on the side of round bars intended to be put 
in the lathe.’ .A‘small centring machine is also 
shown, made by the Chemnitz Tool Company, the 
engraving, like most of the others in the book, 
being evidently taken from a trade catalogue, a fact 
which the author acknowledges further on. These 
engravings, although always fully illustrating his 
meaning, are by no means the best examples that 
could have been chosen of modern machine tools, 
many of them being bad copies of the machine tools 
originally imported into Germany from England 
thirty to forty years ago, some of which retain their 
English names up to the present day, as ‘‘ shaping 
machine” for example, which is intelligible, there 
being no exact synonym in German ; but it is more 
difficult to understand why a partial knowledge of 
our language should add to its misuse as evidenced 
by the word slide-rest, which the Germans were 
graciously pleased to christen ‘‘ support” on its first 
introduction to their country, possibly as an indirect 
reference to the tongue of the land of its produc- 
tion. Thus freely employing English technical 
terms makes it seem perfectly childish on the part 
of the author to object to the use of ‘foreign 
words,” where the latter are French, the mention 
of coquillen in lieu of bestindige Gussformen appear- 
ing to fill Mr. Ledebur with patriotic horror. 

Several examples of foundry cranes are then 
illustrated, and three sections of foundries are 
given showing the general arrangement of over- 
head travellers and pillar cranes; different descrip- 
tions of coke and metal hoists are next referred to, 
rotary fans, Roots’ blowers, and K6rting’s injectors 
for delivering air into various kinds of furnaces, 
closing the first division of the book. 

The second division opens with a description of 
the general properties of metals and alloys, touching 
on fusion, fluidity, contraction, formation of gases, 
&e., and then proceeds to describe the materials 
used in moulding, and the machines employed in 
their production, an ordinary type of mixing mill 
being illustrated by Figs. 92 and 93, while Figs. 94 
and 95 show a novel arrangement, made by Hanctin, 
of St. Denis, consisting of an outer and inner 
cylinder laid horizontally, the latter being made to 
revolve, and having its periphery full of holes, 
which carry cast-iron balls, free to move slightly 
in the holes but unable to escape from them. The 
stuff to be ground is fed in at one end and ejected 
at the other, owing to the forward motion imparted 
to it by the spiral position of the holes carrying the 
balls in the inside cylinder. The production of this 
machine, and the power necessary to drive it, are 
given ; in fact, this useful data is furnished in very 
many cases. Very complete illustrations then follow 
of a pair of edge runners, as well as a section of a 
vertical Archimedean'screw machine, and two views 
of a machine for making straw rope for cores. 
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Moulding generally is next described, and some 
pages are devoted to the illustration (in many cases 
with figured dimensions) of different kinds of 
drying stoves for moulds, cores, &c. Very much 
valuable information is contained under this head, 
the best proportions being given which have been 
determined from practice for grate areaand volume of 
stove, &c, The merits of direct and indirect heating 
are discussed, and an example of the efficiency of 
certain stoves is worked out from known data, the 
weight and chemical composition of the coal burned 
being given, as well as the weight of the cores, &c., 
on entering and leaving the stove. In the case 
under notice only a very low class of lignite was 
used, and the efficiency measured by the water 
evaporated was but 0.144. Seott’s wheel mouldiag 
machine is then illustrated, and we are glad to see 
Mr. Scott is allowed the crédit of its invention, 
although we read a long article the other day in a 
German technical paper endeavouring to prove 
the machine was first desigued and constructed in 
Germany, and subsequently imported into England 
and adopted here. Casting rolls in chills, and in 
iron moulds, cooled by the circulation of water on 
the outside is described, as well as Uchatius’ method 
of casting steel guns, with a copper core, which is 
subsequently removed by boring out. The vario 


appliances used for melting metals ‘are treated of |e 
g given of crucibles as well | 1s 


om Rove ng yon comet 
as furnaces for treating them bot rdinary 
firing and also according to Dr. Siemens! 
various numerical examples being worked. ont. o 
the efficiency of the heating power of the difierent. 
arrangements: A description is then given of 0 
hearth melting furnaces, many of the figures referred: 
to in the text being very fully dimensioned, and the 


size of. the sectious. $f) fines, heights of 
bridges, &egiare give: pos etail, the subject 
being,.terminated bya‘description of the building 


of such furnaces, and the precautions generally 
adopted in work of this kind. Various kinds of 
cupolas are then illustrated, the usual dimensions 
and melting power of the different arrangemevts 
being given, as well as some useful hints on their 
erection and management, with some general de- 
scription of the routine of work in a foundry, some 
few cases being described in detail, as for instance 
the mode of burning pieces on to large castings, 
for example, the neck on to a roller for a rolling 
mill. 

A short account follows of the general arrange- 
ments of foundries, illustrated by a cross section of 
the foundry at the Chemnitz Engine Works. This 
chapter closes with a reference to the current litera- 
ture on this subject, similar information being given 
at the end of each section ; the value of this system 
of giving the names of standard works and authors 
from whom special details may be obtained is very 
great, and might, we think, be followed with ad- 
vantage by English writers. 

Change of form in a solid state is the heading of 
the next division, extensibility, toughness, and 
hardness being described and explained, welding 
being next treated of, a ow of recipes being 
given for welding iron and steel as well as steel and 
steel. Working drawings, well dimensioned, follow 
of smiths’ hearths, and of large and small portable 
forges supplied with blast by Roots’ blowers, the 
consumption of fuel for various sized fires, as well 
as the efficiency attained being given. Rules for 
the construction of heating furnaces with dimen- 
sioned examples both for direct firing and for use 
with gas producers and regenerators follow, the 
efficiency of the fuel being given in most cases. 
Forging is next described, woodcuts showing one or 
two of the older arrangements driven by water 
power, drop, air, and friction hammers being illus- 
trated. Steam hammers follow, a wrought-iron 
framed hammer at the Neuberg works is repre- 
sented by several drawings; Condie’s and Morri- 
son’s hammers are shown as well as a compound 
steam hammer built at Horde from Mr. Daehn’s de- 
signs; in this hammer a very thick piston-rod is 
used, the steam for lifting the hammer being ad- 
mitted into the annulus on the bottom side of the 
piston, and subsequently exhausted into the larger 
volume at the top of the piston, to produce a more 
powerful blow by the admission of top steam.. De- 
scriptions of Naylor’s and Sellers’ hammers close 
this chapter, which is succeeded by some ve 
clear descriptions of approved shop rules for suc 
work. Forging presses are next described, Has- 
well's being fully illustrated and its principal dimen- 
sions given. 





Rolling mills are the stbject of the succeeding chap- 












ter, which is commenced with a description and illus- 
tration of an ordinary merchant mill, followed by a 
theoretical investigation of the most suitable size 
for rolls with reference to the work they have ordi- 
narily to produce, as well as some very clear obser- 
vations on roll turning, an example being then 
given of the roughing and finishing rolls for a flange 
1ail, with details of housings, showing the journal and 
adjustment arrangements in detail. The advantages 
and disadvantages of three-high mills are then dis- 
cussed, Lauth’s plate mill, with small middle roll, 
being illustrated and commended by the author when 
used for thin plates. The mills designed by Fritz 
and by Holley, and at work in the United States, 
are referred to, the means of counterbalancing the 
rolls and lifting tables being clearly described, 
Reversing mills without and with flywheels, the 
latter arrangement being illustrated by a plan with 
clutch cen are then reviewed, and drawings 
are given Of a universal or Belgian mill built at 


Horde from the designs of Mr. Daehn, the adjust- 
ments in which produce a hardly desirable amount 
of complication. Tyre mills conclude the chapter, 
and here the author insists strongly on the 


use of 





« fatement of 

# of the mill, as well as its 

Pp ensions, and’ those of the engines 

necessary to drive it, and also the power consumed 

in this mill and ibed above, with a word 

on = ormation c2. blooms, Drawing 

benches for wire and rods a illustrated, and a few 

hints are given on the arrangement of rolling mills 
and wire-drawing works. ’ 

The third division of the book treats of the com- 
pletion of form and commences with a description 
of cutting and dividing tools, cutting and clearance 
angles for various metals being given, with sketches 
of the more usual forms of lathe and planing tools. 
Hand shears and shearing machines are illustrated, 
the latter being represented by a plate shearing ma- 
chine of a singwlarly vicious construction, the moving 
blade, on account of its length, being as usual driven 
by two connecting rods worked from eccentrics, 
these eccentrics, however, being carried on two in- 
dependent shafts connected by gearing, the cross- 
head guide bars of the engine driving the machine 
being bardly of a kind likely to find much favour 
in this country. A circular sheet shears is given, 
with a foot-note stating the name and address of the 
maker in highly laudatory terns. Two views of a 
slitting mill follow, and three punching machines 
are described, beginning with a simple fly press, 
and then advancing to a self-contained hydraulic 
press, the framing of which carries. the hydraulic 
pump and the fast and loose pulleys ; the handiness 
of this machine would doubtless be greatly increased 
if the pipe leading trom the valve-box to the pres- 
sure gauge were not directly in the way of the work 
being operated on by the machine. A good plain 
combined punching and shearing machine, partly 
dimensioned and showing some detail is given, the 
plain box framing being a very close copy of some 
of the best English makers, formula borrowed 
from Hartig is given for determining the power 
necessary to drive such machines; the requisite 
power for working them empty being stated, having 
of course been derived from actual experiment, it 
seems to us the power necessary to drive the machines 
when at work could have easily been determined at 
the same time and given, thus saving the necessity 
for the use of the formula. Chipping chisels and 
engraving tools are bracketted together, and are 
succeeded by planing machines, a very antediluvian 
specimen of which is illustrated by several views ; 
detail of the tool box being given, which the author 
in the idiom of bis country calls ‘‘ support” (pro- 
nouncing it soupe port), the upright framing of the 
machine is very poor in outline, and is of the old 
T pattern, some of the fillets being finished off 
with sharp right-angled bends. A.Table is also 
given of the power necessary to work the machine 
when planing different kinds of metals.as well as of 
the power required to drive it when running empty. 

Shaping machines are next described, being illus- 
trated by views of two very poor and antiquated 
machines built at Chemnitz and Berlin, A slotting 
machine follows also built by a.German firm haying 
a rather more respectable frame of the »box section 
pattern, but we cannot at all agree with the author in 
his praise of the machine, and in his view that it is 
one on which work can ve turned out cheaply and 
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quickly, and applied for most purposes, in fact we 
have always regarded the application of these 
machines as very limited. A short chapter (not illus- 
trated) follows on saws, in which hand and circular 
saws are shortly treated of, a formula being given for 
determining the power consumed by the latter when 
cutting hot iron or steel. A similarly short chapter 
on files is then given, in which their various sizes 
and descriptions are referred to, data being also 
supplied as to the angle of cut, fineness and coarse- 
ness, &c., of the different kinds, 

The next thirty pages are devoted to lathes, com- 
mencing with a description of a watchmaker’s lathe, 
succeeded by one of a small foot lathe, and an 
ordinary screw-cutting lathe, as well as a large face 
lathe, in which the sole connexion between the head 
and the tool rest consists of the masonry foundation 
on which the machine is bedded. In his classifica- 
tion of lathes the author collaterally throws some 
light on the richness of his mother tongue, and we 
think he may perhaps have some right to complain, 
as we have shown he often does, of those of his 
countrymen who do not use German technical 
terms when we come on such neat and expressive 
words as “ oe a ne or * Zahn- 
stangensupportdrebanke,” which could hardly come 
under Mr. uel Weiler’s designation of ‘a short 
name and an easy one to spell.” Koch and Miiller’s 
patent universal lathe, which we illustrated and de- 
scribed in our twenty-first volume, is also referred 
to, a couple of illustrations being also given of 
engine turning, the chapter as usual concluding 
with a formu iving the power consumed in 
various kinds of lathe work and a reference to the 
books that have been consulted on the subject. 

Milling machines are next described, one b 
Messrs. L. Léwe and Co., of Berlin, being illustrated. 
A foot-note says that the Brown and Sharpe Manu- 
facturing Company, Providence, Rhode Island, were 
the first to bring this class of machine into notice, 




















is a most barefaced appropriation from the American 
firm. In our sixteenth volume we had occasion 
to refer to the doings of these gentlemen in this 
particular line, when describing the machine tools at 
the Vienna Exhibition, and regret to find that in the 
intervening seven yearsthey have, tosay the least of it, 
not becomemore original. The machineisvery clearly 
described in great detail, the most suitable velocities 
of cutters, feed, &c., being given. An illustrated 
description of a horizontal boring mill is then given, 
followed byacouple of views of M‘Kayand M‘George’s 
tool for drilling tube plates; these are suneutel be 
drawings of ordinary drills, and one of a twist drill, 
the latter being shown taper at the cutting end, 
although no special provision is described for 
enabling it to clear under these disadvantageous 
circumstances. Two German drilling machines, 





ice, | required being given in detail. 
but it does not state that Messrs. Lowe's production | slot drilling machine is also illustrated, of course 


which are moderately fair —- of English tools, 
are described, proper speeds for drilling and power 
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without any reference to the original makers. 
Scraping, grinding, and polishing, form the subjects 
of the next few pages, many useful hints being 
iven on emery wheels and ordinary grindstones. 
ending sheets and plates is illustrated, folding 
rolls being also shown, and this division of the sub- 
ject is closed with a short chapter on flanging. 

Uniting different bodies is the next subject treated 
of, soldering, making rust joints, and lapping being 
described. Rivetting is next treated of, good illus- 
trations being supplied of Tweddell’s portable 
hydraulic machines, made by Messrs. Sellers, of 
Philadelphia. 

The last volume is devoted to a description 
of various processes of which literature is very 
meagre, such as tinning, coppering, nickel-plating, 
silvering, gilding, &c., an apparatus for tinning 
plates being illustrated; enamelling is also treated 
of in detail, various proportions of the necessary 
mixtures being given with sketches of furnaces. 
Casting shot and type-founding are treated of, an 
illustration being given in perspective of a type- 
founding machine, and a description of a machine 
which delivers the finished type complete, and the 
method of casting large letters for posters, &c., is 
described, the usual proceeding not being appli- 
cable in this case, the metal cooling too rapidly to 
enable the requisite sharpness in the edges to 
be produced. The manufacture of pipes is de- 
scribed, cast-iron pipes being treated of first, the 
present system of casting vertically being illus- 
rated and clearly discussed, the author giving it 
as his opinion that this is not one of the cases in 
which machine moulding can be adopted with advan- 
tage. He also says that the vertical mode of casting 
was first practised at Frouard, near Nancy, about 
the year 1869, but must be evidently quite unaware 
of what was done in this country at least twenty 
years earlier. The operation of making wrought- 
iron gas-pipes by welding and drawing is next de- 
tailed, as well as the usual means for welding up 
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culated results. Bearing these figures in mind, one 
cannot sufficiently admire the heroic patience of the 
author, who, in hours of time, devoted him- 
self to this labour, and who in order to prevent error 
calculated each result by two different modes, and 
before the work was finally placed in the printer’s 
hands repeated the operation for a third time on 
revising the proofs. We should add that the Tables 
are well and clearly printed. 





Aid to Sw Practice ference in Surveying, 
Levelling, and Setting Ont; aS in Route Surveys % 
Travellers by Land and Sea. With Tables, Illustra- 
tions, and Records. By Lewis p’A. Jackson. London: 
Crosby Lockwood and Co. 

This book, with a fresh title, a grotesque preface, 
and a new head and tail, is a reprint from the 
second edition of the ‘Curve Book,” published 
in 1869 by the same author, who states that the 
book is a condensation from the written notes 
with which it was his custom to supply his pupils, 
a fact which speaks volumes for Mr. Jackson’s 
industry in copying out enormous manuscripts, 
and for his pupils’ patience in studying them. 
Seriously, the condensed book as it stands shows 
the evidence of that careful and honest labour 
which are n to give value to such a work, 
and it appears to entirely free from the usual 
vice of text-books—that of appropriation, acknow- 
ledged or unacknowledged, from other sources. 
Mr, Jackson has had much and varied experience 
in field work and some knowledge of bookmaking, 
and he has utilised both these acquirements with 
a very useful result ; and a special feature of merit 
it possesses is that the author pays a minute atten- 
tion to detail, which will we believe be greatly 
appreciated by his readers, Without attempting 
to summarise the contents of the volume, we may 
observe that it covers the ground it occupies very 
thoroughly, and that the numerous illustrations it 
contains are well chosen and very carefully 
executed, 
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Electric Light: Its Production and Use, embodying 
Plain Directions for the Working of Galvanic Batteries, 


Electric Lamps, and Dynamo-Electric Machines. B 
J. W. Urquaarr. Edited by F. C. Wess. Wi 
94 Illustrations. Crosby Lockwood and Co. 


A Physical Treatise on Electricity and a. By 
J. E. H. Gorpon, B.A. Camb., Assistant Secretary of 
the British Association. Two Volumes. London: Sam 
son Low, Marston, Searle, and Rivington. [Price 36s. 
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THE NEW ANGLESEA BRIDGE, CORK. 

Tue Anglesea Bridge at Cork formed, until it was re- 
cently taken down, the chief means of communication 
across the south branch of the River Lee, being situated 
in the direct line of thoroughfare between the main part 
of the city and the quays, warehouses, and railway sta- 
tions on the south side of the river. Above the bridge 
the river is navigable for vessels drawing about 14 ft. of 
water, which at the top of the tide enter through the 
bridge, and are berthed alongside the quays extending on 
each side of the river. 

The old bridge consisted of three spans ; the central 
lifting span, used for the e of vessels, had a width 
of 82 ft., while the two side openings were elliptical 
arches of dressed ashlar masonry, having a span of 44 ft. 
and a rise of 11 ft., the arches abutting on one side against 
the quay walls, and on the other side against the two 
masonry piers which stood one on each side of the central 
opening. These piers were 12 ft. thick, and, of course, 
received no horizontal support whatever on the side of 
the central opening, but to withstand the thrust of 
the masonry side arches entirely by their own inherent 
stability, and a calculation of the pressures and moments 
shows that the moment of stability of the piers must have 
been very little greater than the upsetting moment. 
The bridge, however, appears te have stood very well 
until the occurrence of a heavy food of land water in 
the river, when, owing ps partly to some scour of 
the foundations, the piers to yield to the thrust of the 
side arches, allowing the latter to settle considerably at 
the crown, and narrowing the top width of the central 


opening. 
Although the stability of the piers must have been still 
further reduced by this settlement, yet the movement 
does not appear to have —— but the bridge stood 
for some years in this ure condition, each of the 
— me ply distinct § — 6 in. or 8 in., 
w was — @ of the pers 
A from the somewhat precarious condition o: the old 
it was found in course of time that the central 
° was too narrow for the river traffic, and that the 





bridge itself was not adequate to the accommodation of 
the land traffic, which greatly increased along with 
the increasing trade of the port, especially after the con- 
struction of the deep-water quays on the south side of 
the river and about half a mile below the bridge, Ac- 
cordingly in 1875 an Act was obtained by the corporation 
for the construction of a new bridge on the same site, the 
Harbour Board undertaking to subscribe in a certain 
proportion towards the cost of its construction ; and in 
1876 the corporation proceeded te invite engineers by 

ublic oheufimans to submit a for the new opening 

ridge, offering a premium of 100 guineas for the most 
approved design. In nse to this invitation 34 plans 
were received, and the plan submitted by Mr. T. Claxton 
Fidler, M. Inst. C.E., was selected as best fulfilling the 
various requirements of the situation. 

The plan having been decided upon, the matter was 
for some time allowed to rest, but at length the necessity 
of proceeding with the work became manifest, and Mr. 
Fidler was instructed to prepare plans at once for a 
temporary opening bridge to accommodate the land and 
river traffic during the removal of the old bridge and the 
construction of the new permanent bridge upon its site. 
We publish this week on pages 450, 451, illustrations of the 
temporary opening bridge which has now been success- 
fully completed under the joint superintendence of Mr. 
Fidler and Mr. R. Walker, of Cork, and has for some 
time been open for public traffic. 

It has been already mentioned that the traffic across 
the bridge is very considerable, while at the ends of the 
bridge the streams of traffic converge from different 
directions, and are crossed by the traffic along the quays 
parallel with the river. To meet these requirements 
the temporary bridge was built with a clear width of 
40 ft., and was very substantially constructed in order 
to carry the close pack of vehicles and passengers which 
accumulates on the bridge when a vessel is passing. The 
bridge is of course chiefly constructed of timber, and in 
designing the opening span, it was necessary to select a 
form of construction which should not be liable to de- 
rangement from the unavoidable yielding of the timber 
structure, especially in case of a severe bump from a 
vessel passing through in windy weather. 

The construction of the bridge is clearly shown in the 
engravings; Fig. 1 is a sectional plan of the bridge; 
Fig. 2 gives a half elevation and half longitudinal ; 
while Figs, 3, 4, and 5 show the details of the ironwork, 
&c., of the opening span. The perspective view of the 
bridge given on page 450 gives a good idea of its general 
form. 

The opening span in the centre of the river is 32 ft. 
wide between the piles, and is spanned by two pairs of 
“ bascule” bridges or lifting flaps placed side by side, one 
pair taking the up and the other the down traffic, the 
flaps of each pair meeting over the centre of the span. 
It was of course impossible to rely upon the timber piers 
to give any abutting horizontal support to the flaps 
when closed, and therefore the flaps, although having an 
arched form, are really independent cantilevers, each flap 
being constructed to carry its own load without any 
reacting thrust from its opposite neighbour, and with no 
other than a vertical support from the timber pier on 
which it is carried, 

Each of the four flaps consists of four wrought-iron 
cantilever girders 30 ft. long, keyed upon a wrought- 
iron shaft or axle as shown; the axles are 9 in. 
square in the middle and tapered towards the ends and 
have journals at each end 6 in. in diameter carried in 

estals which are bolted down to the timber framing. 
t will be seen that the girders have Iong tail ends pro- 
jecting under the fixed platform of the bridge and 
weighted with cast-iron blocks bolted between the webs 
of the girders to counterbalance the weight of the flaps. 
The centre of the axle is placed 3 ft. to the rear of the 
face of the pier, and when the flap is closed the girders 
take a direct vertical bearing upon a sill mortised on the 
heads of the front row of piles, while at the same time 
the tail ends of the girders abut against the underside 
of a check beam 14 in. by 12 in., which is firmly fastened 
down to the timber framing and also to the row of piles 
which is driven along the back edge of each pier. 

It will be seen from the half elevation and half section, 
Fig. 2, that the pedestals in which the main axles rotate 
are bolted down to the double longitudinal timbers which 
carry the weight of the fixed bridge across the next ad- 
joining span of 18 ft., and as the check beam is firmly 
bolted down to these longitudinal timbers, the whole 
combination of. longitudinal and cantilever forms prac- 
tically a continuous girder, but in addition to the support 
which the cantilever obtains in this way from the weight 
of the adjacent span, it is further sectred by fastening 
down the check beam to the back of the pier, and the 
pier itself is weighted with stone ballast packed upon a 

latform of 5 in. planks carried across the walings at 
low-water level under the lifting bridges. 

The piers which carry the lifting bridges are each 
formed of two rows of piles 13 ft. apart centre to 
centre, the nag in each row being 6 ft. 6 in. apart, 
and braced by diagonal braces and walings of half 
timber ; and between these rows intermediate piles are 
driven, as shown in the plan Fig. 1, under each of the 
longitudinal timbers which carry the of the 
lifting bridges. The timber work of the bridge 
calls for no especial notice. 





The sixteen wrought-iron cantilevers are each 2 ft. 9 in, 

deep at the axle, and each flange is formed of a single 

late bent to the curves shown in the drawing, the top 

being 9 in. by # in., and the bottom flange 9 in. 

in., and each united to the web by two angle-irons 

. by 34 in. by in. At the point where the canti- 
levers take their bearin 

are stayed together b: 


g on the pier, the four girders 
y top and bottom pipe-stays and 
wrought-iron tie-rods 1} in. diameter passing through 
the pipes from end to end, and also by di braces 
of 1} in. round iron forged with eyes to fit between the 
pipes and the webs of the girders; ement 
was adopted in order that the whole of the ironwork 
might be readily fitted together upon the ground without 
any rivetting. 
he cantilever bridges are covered with 4-in. planking, 
and the heads of the girders are united by a timber head- 
stock at the a ends of the flaps; a wrought-iron 
handrail on each side is carried upon cast-iron brackets 
bolted to the web of the outer girders. 

The lifting flaps are worked by hand gear placed be- 
tween the two pairs of bridges upon the fixed platform of 
the bridge. 

The contract for the execution of the temporary bridge 
was taken by Mr. Rooney, of Queenstown, and the work 
was completed in a little more than three months from the 
date of the contract, the bridge having been opened for 
traffic since November last. The cost of the bridge, in- 
cluding protecting dolphins, but exclusive of the street 
approaches and some supplementary work, was 2500/. 

As soon as the temporary bridge was completed and 
opened for traffic, the work of removing the old Anglesea 
Bridge, and the construction of the new permanent swing 
bridge, was at once commenced. It is our intention, in 
due course, to publish illustrations to the permanent 
bridge which is now in course of construction. 





THE DUSSELDORF EXHIBITION. 


Tue buildings of the Diisseldorf Exhibition, situated 
in the 47 acres of ground belonging to the Zoological 
Gardens at Diisseldorf, are, as we mentioned in our recent 
article (vide page 419 ante), all constructed in wood ; 
but since they are of a somewhat effective design and 
seem admirably adapted for their purpose, combining 
cheapness with suitability, they well deserve a few 
words of description in our columns. Two prizes were 
offered for the best designs for these buildings by the 
Commission, and of the thirteen plans submitted in 
May, 1879, the first prize of 1251, was awarded to 
Messrs. Boldt and Tring, of Diisseldorf, the second of 
50/. to Professor Ewerbeck, of Aachen. Messrs. Boldt 
and Tring’s design was ultimately carried out with some 
alterations suggested by the committee, the contract 
being given to the designers, in conjunction with Messrs. 
Holzapfel and Saal, for 20,2501. The total area covered 
by the Exhibition buildings is 38,270 square yards, 
giving a cost of 10s. 7d. per square yard of covered 
ground. 

A general plan of the buildings and grounds is shown 
by Fig. 1 of the engravings which we give on page 454, 
and by reference to Fig. 2, which is the general plan of 
the Exhibition building to a larger scale, its arrange- 
ments will be at once understood. It consists of three 
parallel main naves of a total length of 1181 ft., with 
an entrance hall in the centre nave, and is intersected 
by four transverse galleries, each 335 ft. in length. 
Six open courts are formed by this arrangement, four 
of which are 245 ft. long and 44 ft. wide, while the two 
others are of smaller dimensions. All these open courts 
are occupied by objects for exhibition, such as masonry, 
ornamental marble work, cement and stone exhibits, &. 
The short facade, facing south-west, consists of a central 
entrance hall, 50 ft. wide, arched over by a semicircular 
arch at a height of 56 ft., and covered in by a dome- 
shaped roof with a circular lantern at the top, reaching a 
total height of 95 ft. By the side of this are two smaller 
towers, 26 ft. wide and 56 ft. high, with similar architec- 
tural features, while the part of the building between 
these and the corner towers, some 66 ft. long, is 36 ft. 
high. The corner towers (see Fig. 3) are again repeti- 
tions of the two smaller towers at the centre, and the 
whole, painted in dark chocolate colour, and gaily 
decorated with flags, and with flowers on the numerous 
small balconies, presents a very charming picture. 

Within the building, on the left hand side of the entrance, 
are the offices of the Commission, presided over by Mr. H. 
Lueg, while local business is transacted by Mr. A. Késel ; 
on the right-hand side there are reception rooms for illus- 
trious guests, very charmingly furnished and decorated 
by Messrs. Contzen and Arnold, for the reception of the 
Crown Princess of Germany. Beyond are placed the 
cloak rooms, police offices, attendants’ rooms, &c., after 
which comes the central nave, in which the art industries 
occupy the first place. On the right are the ceramic 
and glass ware exhibits, while to the left is the general 
German art exhibition, an addition to the industrial 
portion which greatly adds to the value of the Exhibition, 
— will no doubt attract a large extra number of 

isitors. 

The type of structure adopted for these threenaves 
will be seen by reference to Figs. 4, 5, and 6, on page 
455, Fig. 5 showing the way in which the little re- 
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cesses of 16 ft. square are decorated at their entrance and 
also the distribution of windows, while the construction 
of the roofs and side walls will be at once understood 
from the sections, Figs. 4»and 6. The flooring in all the 
recesses in the central, as well as in the side naves, has 
been slightly raised above that of the main passage, 

Where the second transverse gallery—counting the 
front as the first—intersects the building, textile exhibits 
are shown in great variety, and displayed with great 
taste; the passage here is 50 ft. wide and 32 ft. high to 
the roof tie-rods, with side annexes 42 ft. 6 in. wide, and 
28 ft. in height; the former is lighted by side, the latter 
with top windows, Sections and inside elevations of this 
— of the building are shown in Figs. 7 and8 on page 455. 

the third transverse gallery, as well asthe continuation 
of the central nave, the section already shown in Fig. 4 
is repeated, while at the end of the transverse gallery we 
find an exact repetition of the main front entrance hall 
with its central and side towers, the space below the 
latter being on one side occupied by an old German beer 
room, the other by an old German wine room, both de- 
corated in medisval style, extending to the furniture, 
wall decoration, windows, heating apparatus, and all the 
miscellaneous fittings and appointments. 


Continuing in the direction of the longitudinal 
axis of the building, we reach the fourth transverse 
gallery, which, although no doubt the least decorative, 
is by far the most imposing by its dimensions, and is 
designed for machinery in motion. A section of this 
machinery hall is shown in Fig. 9, page 455, the central 
span being 50 ft. wide, and 33 ft. high to the tie-rods, 
with two side aisles 41 ft. wide, and 18 ft. under the 
transverse beams, but with an open space under the roofs 
of the side aisles of 27 ft., and in the centre of 45 ft. The 
whole of this, some 134 ft. wide and 335 ft. long, forms 
one open space filled from end to end with machinery in 
motion. Three lines of shafting, one in the central 
space, 4 in. in diameter, and one in each of the side aisles, 
8in. in diameter, are driven by a number of engines 
forming objects of exhibition, steam being — by a 
range of boilers contributed by different exhibitors, and 
placed outside the machinery hall. The main steam 
pipe, placed 14in. below the ground in a gulley, enters 
the hall at about the middle of its length with a diameter 
of 83 in., and terminates with a diameter of 7 in., branches 
being taken off by T-pieces wherever required. All 
steam supply pipes are cast iron, as are also the T- 

jeces and branches, and there being apparently no col- 
ectors for condensed water in the pipe range, much trouble 
is experienced by the exhibitors of engines in motion in 
consequence of wet steam. The positions of the exhaust 
main, condensed water tank, and injection main, are 
shown in the cross section. Steam power is supplied to 
all exhibitors of machinery in motion, which extends 
considerably outside the machinery hall, at a charge of 
18d. per horse power per hour, no less than 4 horse 
power being charged, all countershaft and intermediate 
gearing to be supplied by the exhibitor himself. At the 
time of our visit to the Exhibition steam power was only 
available to a limited extent, most of the boilers being 
yet unfinished, and the pressure maintained in the steam 
pipes was therefore very low; better results will no doubt 
be obtained for the indicator and brake trials which are 
to take place in July with all exhibited steam engines. 


A 20-ton travelling crane with a span of 49 ft. 9} in. 
supplied by the Duisburger Maschinenbau Actien Verein 
has done excellent service during the time of erecting 
machinery, and will be called in again for active service 
when the exhibits are to beremoved. All the roofing of 
the buildings is formed of felt, while the sides consist 
entirely of overlapped boarding, painted dark chocolate 
colour throughout. 

In addition to the main Exhibition building there are 
a large number of annexes distributed all over the 
grounds, Just behind the machinery hall are the boiler- 
houses, further back are railway carriage sheds, while 
in front of the latter a number of railway appliances, per- 
manent way, signals, &., are y laid down in the open 
ground, partly under cover. The longest and most im- 
portant annexe is that of the group for agriculture 
and forestry, No. 1, all the smaller annexes up to No. 15 
being also occupied by objects of this group. No. 17 is 
Krupp’s pavilion; No. 19 thatof Messrs. Vander Zypen and 
Chartier, by far the largest private annexe in the ibi- 
tion, and containing twelve railway carriages ; No, 20 an 
ornamental bridge erected in artificial stone and cement 
by Messrs. Dyckerhoff and Sons, in Améneburg, near Bie- 
brick ; No. 29 a pavilion containing the chemical products 
of the united works in Duisburg, a charming little place, 
and full of objects of interest, a large pavilion containing 
a collection of antique objects of German art industry, 
not yet opened ; and No, 88 the building erected by the 
Kélnische Zeitung, in which they work one of their 
— presses and publish bey: bey Exhibition News. 
Another collective exhibition is that of the township of 
Schalke, contained in pavilion No. 45, and consisting of 
objects in various groups, glass, iron, and chemical in- 
dustry. Dr, Linde’s ice machinery, which supplies the 
place with one of the most necessary articles, and of 
which we shall have more to say on a future occasion, is 
shown in annexe 48, while Nos. 58 to 56 contain cement 
and building materials. A very 
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650 ft. in a cast-iron stand-pipe, from which height 
the water is to fall down into one of the lakes in the 
junds, is shown by the Isselburger Hiitte, in annexe 
o. 72, and a number of pulsometers exhibited by dif- 
ferent firms are constantly throwing up quantities of 
water in the lakes. It will be noticed that there area 
number of large pavilions distributed over the ground 
which we have not mentioned ; theseare either restaurants, 
cafés, or buildings belonging to the Zoological Gardens. 





FAIRLIE LOCOMOTIVE; FESTINIOG 
RAILWAY. 


We give this week a two-page engraving of the 
“ Merddin Emrys,” the latest — of the Fairlie type 
of engine which has been placed on the well-known 
Festiniog Railway. The locomotive we illustrate was 
constructed at the company’s works at Portmadoc from 
the designs of Mr. G. P. Spooner, the locomotive super- 
intendent, and it was placed on the line on the 21st of 
July last, since which date it has run about 14,000 
miles. The engine has two pairs of cylinders, 9 in. in 
diameter, with 14in. stroke, while the diameter of the 
wheels is 2 ft. 8 in., so that the tractive power is equal to 


eee = 70.91b, for each pound of effective pres- 
sure per square inch in the cylinders. In winter the 
average load hauled* is 90 tons, comprising one four- 
wheeled carriage, two bogie carriages, and one guard’s 
van, weighing together 20 tons, the remainder of the 
load being made up of trucks with coal, lime, and goods, 
and empty slate trucks. In summer the average load is 
greater, being about 100 tons, owing to the heavier pas- 
senger traffic. The heaviest trains taken have 
averaged about 125 tons, exclusive of the weight of the 
locomotive, but Mr. Spooner states that the engine would 
readily take a load of 200 tons up 1 ih 80 at 15 miles per 
hour, and start with it on that grade. 

Referring to our illustrations it will be seen that the 
engine has two four-wheeled steam bogies connected by 
a carrier frame as in all the later Fairlie engines, this 
carrier frame I the boiler, tanks, &c. The 
wheel base of each bogie is 4 ft. 8 in., and to balance the 
overhanging weight of the cylinders Mr. Spooner has 
bolted between the frames of each bogie at the end next 
the firebox, a heavy cast-iron box filled with lead, there 
being a check spring above this box to prevent undue 
strain in the event of derailment. 

The boiler is of the regular Fairlie double-ended 

ttern, the shell being of what is called in the United 

tates the “ wagon top” type, that is to say, the portion 
of the barrel next the firebox casing is made elliptical 
and connected with the cylindrical part by a tapered 
length. This form has, of course, the advantage of giving 
increased steam room, and in so small a boiler as that 
now under notice the requisite strength in the elliptical 
rtion is readily provided by the cross stays shown. 
he fireboxes are of copper, and curved copper tubes are 
led from the tube-plate to the crown to support the fire- 
brick arch. The boiler is fired from the right-hand side 
of the engine as shown in the plan. 

The wheel are steel discs wheels, the tyres being made 
solid with them. The arrangement of the flexible steam 
and exhaust pipes, of the valve gear and brake gear, of 
the india-rubber central bearing of each bogie and other 
details, will be readily understood from the engravings 
without special explanation. The engine is fitted with 
Hancock’s inspirators, Widmark’s cylinder cocks,f and 
Mr. Spooner’s arrangement of regulator.t As will be seen 
from our engravings the whole design of the engine is 
very neat and compact, and it altogether affords an 


excellent example of how by the adoption of the Fairlie | 


system a really powerful locomotive can be put upon a 
line of only 23}in. gauge. We append a Table of the 
leading dimensions of the engine illustrated : 





Cylinders : ft. in. 
Diameter ove ooo 09 
Stroke eee eco eee ove ove 1 2 
Distance apart from centre to centre .. 3 it 
Centres of valve spindles... ae oo ey 
Centre of cylinder to valve face ... bes 0 9% 
Length of steam ports... ode 2. 0 8 
Width ” “ 0 0¢ 

* exhaust ports as 0 2 
on bars am oa tf 
Thickness of piston ade ae a. 
Number of rings ... oe eee 3 
Diameter of piston rod... ay. ee 
Working Gear : 
Length of connecting rods between 
centres... Sa ove ove hi 48 
Diameter of crank-pin bearings... .. 0 2¢ 
Length ”, ”, one ooo 03 
Diameter of coupling rod pins ... <<. ae 
Length ” ” wo 0 2 
" crosshead blocks .. «. 0 9 
Width of motion bars... .. .. 0 2 
Thickness of motion barsatcentre_... 01 
* For a full description of the Festiniog Railway, with 
i of the gradients, &., con Mnernaeniwe, 

vol. xii., 419. e 
See ENGINEERING, vol. xiii., page 183. 

See ENGINEERING, vol. xiv., page 443. 





453 
Length of eccentric rods 3 3 
Diameter of eccentric shea: oe ove 0 ot 
Width pa i wi am ee 
Throw Pa s ees ss 0 if 
Wheels and Acles : 
Diameter of wheels ans as 2 8 
Width of tyres. ei: ae os 
Distance between t; is pe BS 
Wheel base of each bogie... be ke 
Total wheelbase ... eis op aoe DF 
From leading axle to centre of bogie pin 2 6 
” rane, ie os 2 2 
Diameter of driving axles at centre ... : at 
” ” ° 
” axle bearings ove ooo 0 
Length > eee 0 
Centres pa on 1 3 
Diameter of axles at wheel seats... 04 
Carrier Frames : 
Distance between frames ... se coe 211 
Depth of frame at centre ... mn ‘i 0 
Thickness ... ies ace ose pas 0 0 
Centres of bogie pins... ie oo 15 0 
Width over foot-plates ... ove wo 6 6 
Bogie Frames : ; 
Extremelength ... dae ice oo 10 & 
Depth rae oe: pan 1 if 
Distanceapart ... oe pin “a 1 6 
Height of centre of buffers from rails ... 17 
Boiler Shell : 
Total length between smokebox tube- 
plates ... we “ si oo 2 1 
Length of each barrel _... ooo ate 1 
Diameter of each barrel inside smallest 
plate die tise ahs ve os 2 6 
Thickness of barrel plates co y 0 
a smokehox tube-plate 3 0 
Height of centre of boiler from rail ss 4 
h of firebox casing ... ove < 6 8 
Width 90 P ti eee eve i 
Centre of boiler to bottom of casing ... 3 0 
Thickness of side and crown-plates 0 0 
. i front plates... w+. 0 0 
Diameter of steam domes outside 1 6 
Height ‘. a 15 
Diameter of safety valves 0 2 
we (Copper) : ¢ 8 
at ip eee eee 
pa bottom ... ine eee 2 104 
Width at top od ‘ 2 
* ttom ... one ‘ai ren 2 1 
Height of crown above centre of boiler... 0 7 
Pa $e grate at front ... 8 3t 
” ” ” back ooo 2 8t 
Tubes (Brass) : 
Number in each barrel 124 
Diameter outside ... a e 0 1} 
Length between tube-plates ‘t. 8 43 
Heating surface : Fireboxes _... 9 
Tubes (outside) 817.2 
Total ... 887.1 
Firegrate area 12.1 
Smokebowes and Chimneys : 
L.ameter of smokeboxes ... vee om ee 
Length of smokeboxes, inside... “ 19 
Diameter of chimneys inside at top «+ 0 114 
p - at bottom re 0 9 
Height of top of chimney from rail 7 104 
Diameter of blast nozzles ‘ie 0 lf 
Tanks: 
h eee . Lid 7 3 
ip ore . . 
Capacity 667 galls. 
Weight of engine empt, “so. 
eig engine empty ... 
99 9 roadworthy ry ee | 





Irauian TRAMWAYs.—Tramways have now been estab- 
lished in twenty-four cities and towns in Italy, the 
gate length of the lines at the end of 1879 being 320 oo. 
of which no less than 219 miles are worked by mechanical 
Copa the remaining 10i miles employing horse traction. 

addition to the lines already at work there were at the 

end of last year 894 miles in course of construction, and no 
less than 626 miles jected, it poy Rayan wi that 6114 
miles of these proj lines should be worked by steam 
power or other mechanical means. Al er steam- 
worked tram lines for suburban traffic are coming deci 
into power in Italy. 

PRoPposzeD NEW RAILWAY IN THE WEALD oF Kunt.— 
An important feeder to the pores | my a 


been recently a is to ~ 

branch off the Cranbrook Railway, which joins the South- 

Eastern at Paddockwood, and then to pass through Hawk- 

pan io a cuatb-ooiate thnclion: pak. Aan TaaE 

run in a sou’ past App! 

to , which will it is expected in time become an 
of d for the Continent. 
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THE DUSSELDORF EXHIBITION. 


(For Description, see Page 452.) 
yO ek et Oe ee ee 





‘ [Fig.3. Secon tt AB. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was 
a fair attendance on ’Change at Middlesbrough, and the 
tone was rather better. This was mainly due to the favour- 
able telegram from G w announcing that the market 
there was stiffer. The ing i 2 l 
brough market were based on No. 3 Cleveland pig selling 
at 368. 6d. per ton. Messrs. Connal and Co., the warrant 
storekeepers of Middlesbrough, had on Tuesday a stock 
amounting to 86,950 tons, an increase of 2462 tons upon 
the ious Tuesday, and it was found that they were re- 
ceiving from 300 tons to 400 tons daily, The returns of 
the Cleveland ironmasters issued since our last notice, show 
that at the end of May there were 110 of the 165 blast 
farnaces in operation. It is reported that the Scotch iron- 
masters intend blowing out some of their blast furnaces. 
Should this prove to true, the condition of Cleveland 
will be rather better than it is now. Certainly, in this 


great smelting district pig ironcan he made cheaper than in 
oz of the world, but unless the demand improves it 
will be found that blast furnace owners will not continue 


for an indefinite period to carry on operations at such low 
prices as are now ruling, when they that month after 
month the total stocks are increasing. In the finished iron 
trade there is nochange. There is a fair amount of work 
in hand, but manufacturers find it difficult to get fresh 
orders, prices continue low. Plates are quoted at 
61. 5s., and bars 51. 5s. per ton. 


The Financial State of Cleveland.—Within the past 
few days there have been one or two circumstances in 
Cleveland which may unduly alarm people at a distance. 
In commercial circles at Middlesbrough all the details are 
known and fully understood, but designing —_ may 

rate them to suit their own purposes. e facts 
are that a firm of manofacturers have felt it necessary to 
call some of their r creditors together, and their affairs 
are now under consideration. A small firm of brokers have 
been selling iron to people who have repudiated their 
contracts, and as they themselves had bought, they have 
been unable to meet their bills. This matter will resolve 
itself into a question of differences. As might be expected, 
there are other rumours afloat, but there is nothing further 
definite to lreport. There are not the facilities for 
failures that there were a few years ago when the ban 
readily gave accommodation to almost anybody who de- 
sired it. In many cases, too, amongst the ers and 
merchants and brokers, there are cross transactions which 
greatly help each other to avoid heavy losses. 


Engineering and Shipbuilding.—On the northern rivers 
there is a great deal of activity in engineering and ship- 
building, and a number of splendid steamers are being 
launched on the Tyne and Tees. It is hoped that these 
branches of industry will continue busy for some time. 
Iron founders are finding it more difficult to obtain orders. 


The Coal and Coke Trades.—There is no alteration in 
the coal trade except that the London prices of household 
my | rather stiffer. Coke is the same price as it was 

it week. 


NOTES FROM THE SOUTH-WEST. 

The South Welsh Colliers.—A eral delegate meeting 
of the Monmouthshire and South Wales house coal colliers 
was held on Saturday, at Lianfabon. It was decided to 
bear the expense of having the books audited in con- 
nexion with those collieries in the association, and to 
remind those collieries which had signed the agreement to 
abide by the sliding scale award, that they would have to 
pay their part although they had failed to send delegates 

ere that day. 

Newport.—There was no special feature in the trade of 
the past week. In iron ore a large trade continues to be 
done, 10,288 tons having been received ; but this was not 
equal to the previous week, when the quantity imported 
was 13,836 tons. The exports of iron reached 7963 tons, as 
— 6008 tons in the previous week. The oversea coal 








shipments reached 20,688 tons, as against 25,812 tons in the 
vious week. Some 150 tons of tin-plates were amongst 
e exports of last week. 


The Forest of Dean.—There are but few collieries in 
this district employed with regularity, and four days per 
week is the more general average. e pig iron branch 
has not improved, and consumers are shy of local quota- 
tions at 41. per ton, when they are offered West Coast iron 
at 70s. at the works. Wire is in little request, and makers 
oy continue to be without orders. It is believed 

t the epeculators of last year bought very much heavier 
than was assumed, as consumers assert they are pressed by 
persons of the class indicated, to buy. So long as this state 
of things continues, there can be no hope of improvement. 
The Forest Tin-plate Works are moving on with ity, 
and there is no ap t diminution of make. some 
cases, however, stocking prevails. 

Cardif.—Dulness of trade was ey ery complaint in 
this port last week, but the returns do not show any fall- 
ing off in the quantity of coal In fact, there was 
an increase nearly 5000 tons on the previous week. 
Almost all the collieries are fairly busy, and orders have 
been freely booked for immediate delivery, but pri 
all kinds, with the exception of best steam, remain station- 

. Orders for forward delivery were in the market, but 

i will not close any contracts at present 
rates. Iron orders are daily arriving at the port from 
manufacturers for shipments, and there is a good demand for 


tonnage for this article, for America. The pa- 
tent fuel trade is gradually im ing. The clearances of 
coal last week-foreignwise were 106,527 tons. [ron was 
cleared as follows: Rails, 2000 tons to Point Levi, by the 








Dowlais Iron Company ; 300 tons to Philadelphia, and pigs 
400 tons to the same , by the Forest and Steel 
Com: ; bars, 900 tons to Galatz, by the Llynvi [ron 
and Poal Company ; and 16 tons to Amsterdam by Messrs. 
Guest and Co. 


Merthyr.—On Monday, the Dowlais Company started 
the machinery at their works for the manufacture of tin- 
tes, for which an immense shed has for some tin vast 
m in course of erection by Messrs. Dyne, Steel, and Co., 
of Newport. It is ex that the making of tin-plates 
will be carried on by the company to a large extent. The 
coal trade of the Merthyr district still remains good, the 
quantity carried over the various railways sho little 
or no abatement. The iron trade of the district is ina 
depressed condition, and it is asserted that every ton of 
iron now being made is produced at a considerable loss to 
the proprietors of the works. 


The Navigation Collieries—An event which has been 
anxiously looked forward to took place on presley at the 
Harris’s Deep Navigation Pits, near Quaker’s Y: . The 
enormous winding engines, the largest in the world, which 
were erected at this colliery some months since by Messrs. 
Fowler, of Leeds, were on Tuesday set to work, and 
brought up their first load of coal in the presence of the 
director. of the company and many friends who had come 
down from London for the occasion. 


NOTES FROM THE NORTH. 

Giaseow, Wednesday. 
Glasgow Pig-fron Market.—The warrant market opened 
last Thursday forenoon with business done at 44s. 6d. one 
month, gradually improving to 44s. 104d., then receding to 
44s. 8d., advancing again to 45s. and 45s. 1d. cash paid, and 
closing rather sellers at 45s. cash. The afternoon market 
opened with sales done at 44s. 10d. to 44s. 11d. one month 
fixed, after which there was large buying for cash up to 
45s. 6d., the price returning to 45s. 1d. an ae fixed, 
and the market closing at 45s. 4d. cash sellers, buyers 
at 44s. 3d. Business was done on the following forenoon at 
45s. 3d. down to 45s. cash, and the close was—sellers ask- 
ing 45s. 1d., and buyers offering 45s. cash. The market 
was firm in the afternoon, and iness was transacted at 
45s. 1d. to 45s. 5d. cash, and at the close there were 
sellers at 45s. 5d. and buyers at 45s. 43d. cash. Not only 
did the market recover from the fall which took place in 
prices to the extent of 10$d. per ton in the early part of 
the week, but the week closed with prices 1d. over those 
of the previous Friday. Monday’s market was very firm 
at the opening, and prices further improved to the extent 
of 6d. per ton, and business closed at the highest prices. 
Dari the forenoon there were transactions at from 
45s. 4éd. to 45s. 8d. cash, and from 45s. 4d. to 45s. 9d. one 
month, and the close was—sellers at those prices, and 
buyers at 45s. 6d. cash and 45s. 7id. one month. The 
uotations in the afternoon ranged from 45s. 9d. to 
Ee. 103d. cash, and from 45s. 9d. to 45s. 11d. one month, 

and at the close of the market there were se i 
45s. 11d. cash and buyers offering 45s. 94d. cash and one 
month. A reduction of 1s. per ton was announced on 
Monday in the prices of Nos. 1 and 3 Coltness. A con- 
siderable degree of firmness was displayed in the warrant 
market yesterday, and at one time the prices were 43d. per 
ton better; the closing quotations, however, showed an 
advance of only 1d. per ton. Iron changed ds during 
the forenoon at from 45s. 10}d. to 46s. cash, and the close 
was buyers at 46s. cash and 45s. 10jd. one month, and 
sellers asking ng gir higher. From 46s. to 46s. 34d. cash, 
and from 46s. to 46s. 14d. one month were the quotations in 
the afternoon, and the closing figures were sellers at 46s. 
cash and one month, and buyers at 14d. per ton less. The 
warrant market was steady this forenoon, and even some- 
what firm at the opening. Sellers at first asked 46s. cash, 
a moderate amount of business was done at that price. 
Subsequently there were transactions at 45s. 11d. down to 
45s. 9d. cash, quickly followed by an improvement to 46s. 
and 46s. 1d. er various prompts, and the close being 
sellers at 46s. 1d. and buyers near. Business was done in 
the afternoon at 46s. to 46s. 1d. one month fixed, also at 
46s. 14d. to 46s. 2id. cash, and the market closed with 
sellers at 46s, 3d. cash and one month, and buyers 1d. per 
ton less. A deal of cash buying for investment is still 
going on, and there is a decided scarcity of warrants. No 
new feature in the trade of very special importance 
falls to be noted, and the general demand continues to be 
iet. In respect of shipping iron there is much dulness. 
me makers, in addition to the Coltness Company, have 
reduced their quotations since last report. Makers’ iron is 
still in only moderate request. The stock of ig iron at 
the end of last week in Messrs. Connal and Co.’s public 
warrant stores amounted to 444,440 tons, the increase for 
the week being 968 tons. It will thus be seen that the 
decrease in stock which took place from the beginning of 
March down till the middle of April has not only made 
up, but that the stock is now 29,000 tons greater than at 
last Christmas, and more than double what it amounted 
to at the end of 1878. The number of blast furnaces 
in actual operation in Scotland is still 116 as against 
89 at this time last year; but notwithstanding the fact 
that there is so much ion in the iron le, there are 
no signs that the number of furnaces in blast will be reduced 
at the present time. Last week’s shipments of pig iron 
from Scotch ports amounted to 13,198 tons, as com- 

pared with 8402 tons in the corresponding week 

year 





_ Phi hers onthe American Fifteen Puzzle.—A meet- 
ing of the pt ey Se h was held on Monday 
evening, Professor J. H. Balfour in the chair. At the com- 
mencement of the proceedings . 

wi 
biennial period 1877-79, which the 
awarded to Professor Fleeting Jenkin, fer his 


of last | 





“On the lication of Graphic Methods to the 
ination of the Efficiency of hinery,”’ published 
in the Society’s Transactions. Professor Jenkin suitably 
acknowledged the honour conferred on him, and as vice- 
president he thentook the chair. At the request of the 
Council, Professor Chrystal delivered an address on “‘ Non- 
Euclidean Geometry,’’ which was illustrated by a series of 
demonstrations. The most novel portion of the evering’s pro- 
ceedings was a communication by Professor Tait, “On the 
Theory of the Fifteen Puzzle.’”” The professor began by 
stating that since he had given notice of his paper to the 
Council, two papers had -—_ in the American Journal 
of Mathematics, in which (as was only to be expected) 
most of what he had to say was anticipated. He showed 
that all the essential features of the puzzle were to be found 
in a board of four squares only, with three pieces, say, 
A,B, C. It would seem that no possible motions could 
disturb the cyclic order of these, i.e., they could only be a, b, 
¢, or c, a, b, orb, c, a, and not any one of a, c, b—b, a, c— 
c, b, a. Of the first three any one could be changed to 
another by two eras. Henee, ¢ll that was neces- 
in order to find whether a particular case of the puzzle 
could be solved or not, was to find how many interchanges 
would bring it to the normal form. If that number be 
even, the problem was possible, if odd, impossible. Dr. 
Crum Brown had called those cases which were solvable 
nm arrangements. These involved an even number of 
interchanges, the others, or Semitic, an odd number. Any 
odd number of interchanges made an Aryan arrangement 
into a Semitic one, and vice versd. Hence, when they 
could not solvea particular case, they had simply to turn 
the 6 and the 9 upside down, and all was right. Ata later 
stage of the proceedings, Professor Chrystal exhibited a 
new form of telephone receiver, which was tested in a 
satisfactory manner. 


Clyde Shipbuilding Trade.—This branch of trade con- 
tinues to be in a moderately- satisfactory condition, and 
the prices ruling for iron and steel have led to the closin 
of several new contracts. At the end of the past mom | 
there were 99 vessels in course of construction on the Clyde, 
of which there were about a dozen a ready for launch- 
ing. Twenty-four vessels were turned ont during the 
month of May, of an aggregate of 17,100 tons, as compared 
with a total tonnage of 21,500 tons launched in the same 
month of last year. For the past five months there were 
launched 106 vessels of an aggregate of 89,500, an amount 
that was only exceeded twice in the ommenates five 
months during the preceding five years. Of the vessels put 
into the water last month there were 14 screw trading 
steamers, one steam ferry boat, two steam launches, five 
steam yachts, one sailing ship, and one sailing yacht. The 

vessel was the steamer Washington, 3000 tons 
and 370 horse power, built by Messrs. Alexander Stephen 
and Sons for Messrs. J. and V. Florio and Co., of Palermo. 

Resumption of Messrs. Key’s Works, Kirkcaldy.—It 
is stated that arrangements have been completed for the 
resumption of work at Abden Shipbuilding Yard and 
Whytebank Engine Works, Kirkcaldy, and that operations 
will shortly be commenced at both places. Mr. Bond, of 
London, a gentleman of capital and enterprise, will be as- 
sociated with the Messrs. Key in carrying on the business. 

Gas ~_—— for Lighthouses.—The Commissioners of 
Northern ~ yy in concert with the Board of Trade, 
have resolved fo adopt two gas . for working 
new fog signals at ess, Isle of ; and Messrs. 
Stevenson, the engineers to the Lighthouse Board, have 
just completed the arrangements with Mr. James Keith, 
of Edin’ h and Arbroath, for Se with the con- 
struction of his patent mineral oil gas works for driving 
the engines. 


Clyde Lighthouse Commissioners.—At a meeting of the 
Clyde Lighthouse Commissioners held to-day, it was re- 
solved to extend the use of Pintsch’s gas illuminated buoys, 
as well as to continue the use of the experimental one which 
has done service on Roseneath Patch for a number of 
months. It is probable that one will be laid down at Garvel 
Point and one at Skelmorlie Bank. 

New Slip Dock for Ayr.—The contract for the construc- 
tion of a’new yp Fy for Ayr, together with relative 
works, has been to Mr. James Young, contractor, 
Edinburgh, whose estimate was 13,0361. ‘here were in 
all ten offers sent in. 





WILLIAMsTOWN.—The Bunyip is engaged clearing the 
bay between the railway pier ‘and the graving dock pier to a 
depth of 25ft. About of this work has been done, and 
when it is completed the Bunyip will be moved over to the 


Sandridge way pier to a berth 300 ft. long and 
23 ft. deep on ao | side of it to accommodate gana 
needing thatdepth of water. As soon as the Victorian 


Government makes the breakwater pier a straight one, the 
Melbourne Harbour Trust will dredge on each side of it to 
a depth of 28 ft., and thereby provide berths for the largest 
vessels coming to Australia. 
THE METROPOLITAN BoaRD oF Works.—The Metro- 
— Board of Works have just ordered of Messrs. 
erryweather and Sons ane nen Caaee Sen engiees Ss 


dirt falling down to the bottom of water 

it is readily removed by means of the mud 

Each engine is fitted with tod ond qnak. The 

of machinery is ingly simple, and the 

eeee weiese can be caety eonmiaes necessary. When 

essrs. Merryweather and Sons have executed this order 

will have made twenty-five steam fire engines for the 
Metropolitan Fire Brigade, 
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” through the negligence either of the master, his|tion. Like the Water Purchase Bill, the t 
B ee OS SINEEEING. deputies, or of the fellow-workmen of the sufferer.| measure presumes a need, but ats little as to 
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NOTICE TO AMERICAN SUBSCRIBEBS. 

We beg to announce that we have a ted Mr. Lenox 
Smith, 46, Pine-street, New York, the sole agent for Enai- 
WEERING in the United States, and all subscriptions for the 
United States will in future be payable to him. Mr. Lenox 
Smith is also prepared to receive advertisements for Engi- 
NEERING, and will afford full information as to terms, &c.,on 
application. The annual subscription for ENGINEERING de- 
livered post free in the United States is 10 dols. U.S.currency 
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NOTICE OF MEETING. 


THE METEOROLOGICAL SOCIETY.—Wednesday, the 16th inst., 
at 7p.m., at the Institution of Civil eers, the following 
papers will be read: “Ozone in Nature, its Relations, Sources, 
and Influences, &c.,"” by J..;Mulvany, M.D., R.N, “ The Average 
Height of the Barometer in London,” by Henry Storks Eaton, 
M.A., F.M.S. “Note on a Waterspout observed at Morant Cays, 
Jamaica, March 23rd, 1880," by Lieutenant Alfred oe, ° 
F.M.S. “ Account of a Balloon Ascent in a Whirlwind, March 23rd, 
1880," by Captain James Templer. “Results of Meteorological 
Observations made at Stanley, Falkland Islands, 1875-77," by 
William Marriott. FMS. “A New Thermograph,” by William 
David Bowkett, For Exhibition: Winstanley's Air Thermometer, 
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EMPLOYERS’ LIABILITY BILL. 
THE present Government has undertaken, certainly 
at a very short notice, to effect a solution of two 
difficulties which have long been the subjects of 
public discussion, or perhaps rather irritation. One 
of these we have already of late dealt with—the 
London water supply—which for the present may 
be briefly dismi by stating that it is to come 
under the investigation of a select committee. 
Whatever decision that committee may arrive at, it 
will affect both the capitalist and the middle and 
lower classes of society, at least in regard to the 
metropolis. But the question will eventually be- 
come one of a national character, for any legislation 
in regard to London will form a precedent for other 
large towns in the United Kingdom, 
The second difficulty, to which we here more 
icularly allude, is that of settling the individual 
and relative rights, on a sound legal basis, between 
employer and operative, on claims that may arise 
from the latter for injury sustained in factories, &c., 





Hitherto the latter has had, practically ing, no 
remedy at law. Different measures have D 
suggested for this anomalous state of things, but 
none of them have seemed to meet all the exigencies 
of the case. On the part of the masters it has been 
justly urged that any change in the law must neces- 
sarily affect capital to the extent of some hundreds 
of millions, while, on the other hand, it would be 
but a low estimate to place the number of operatives 
that would be affected by it at some two or three 
million persons. 

Mr. Dodson, in moving the second reading of the 
Government ewe Sng Liability Bill, evidently 
felt the great difficulty that the question presents. 
But Mr, Gladstone previously gave some idea of 
what is really the object of further legislation. He 
remarked that if the second reading of the Bill 
_ it would simply amount only to pledging the 

ouse that the present condition of the law is un- 
satisfactory, and that further protection against the 
consequence of accidents to workmen should be 
provided. Mr. Gladstone hinted that a a 
select committee would be best capable of dealing 
with the merits and difficulties of the case. Perhaps so, 
but what is the general result of select committees ? 
Why simply shifting the burden of responsibility 
from one shoulder to another, a result generally 
— in delay and disappointment to all con- 
cerned, 

In explaining the provisions of the Bill, Mr. 
Dodson stated that the measure would provide that 
the master should be held nsible, not merely for 
his own personal negligence, but should be respon- 
sible also to the thi y in his employ if he 
suffered injury through the negligence of the person 
to whom he deputed the position of master, instead 
of exercising that post himself. This seems legally 
just, and also necessary, but as there are man 
masters in this country who often do not visit their 
works for months together, and depute all to 
managers, numerous cases of apparent hardship may 
arise. A curious instance came under our notice a 
short time ago, when a gentleman holding a large 
amount of property in a suburb of London was 
indicted for manslaughter, owing to a person being 
killed by falling through a defective railing. The 
proprietor had to travel from Italy, where he was 
on a tour, to defend himself from this singular in- 
dictment. 

It is at by the Bill to make the master 
responsible for accidents arising from defects in 
the works, machinery, plant, &c. At present he 
is only liable for accidents arising from the use of 
defective machinery of which he was at the time 
aware, but now, those to whom he delegated his 
duties are to be considered as in the employer's 
place, and the latter would consequently become 
personally responsible, 

It is also proposed by the Bill that the employer 
should be liable if any person meet with an accident 
in carrying out the bye-laws which might be laid 
down for the conduct of the establishment, but 
with the proviso that the workman claiming com- 

nsation not himself, and by his own negligence, 

en the cause of the injury. This will to a large 
extent tend to protect railway directors. 
Dodson remarked that, according to the reports 
furnished, it appeared that nine ‘out of ten of 
the accidents occurring to railway servants were 
due to the fault of the men themselves, The prin- 
ciple of the Bill had been recommended by the 
Royal Commission on Railway Accidents. 

uch is a general outline of the proposed measure. 
Mention was made of a plan of inducing a kind of 
mutual insurance fund between man and master, 
but Mr. Dodson refused to entertain it. In the 
discussion which followed the Government measure 
was generally approved of. Mr. Macdonald espe- 
cially drew attention to disasters in mines, stating 
that out of 1200 men who had lost their lives in a 
recent period not less than 1100 were destroyed 
from preventible causes. He trusted that the 
Government would adhere to every line of their 
Bill, for it would do more than anything else to 
revent the recklesss destruction of human life. 
Mr. Broadhurst, also, on the part of the working 
man, congratulated the Government on their 
courage in grappling with the subject, He, like 
Mr. Macdonald, condemned the proposed plan of 
insurance. 

Now, taking the whole subject in a practical point 
of view, we erage oy we at present, that any 
advance has been made towards settling this ques- 


how the requirement is to be met. In each case it will 
evidently become the duty of a select committee to 
provide the method of carrying out what we can 
only call the abstract resolution of each measure. 
In respect to the Employers’ Bill, its future success 
will entirely depend on the selection of the com- 
mittee. It must necessarily include lawyers, manu- 
facturers, and such men as Messrs. Macdonald and 
Broadhurst. But from a knowledge of most of the 
manufactures carried on in this country, we have no 
hesitation in stating that there was never a more 
difficult piece of legislation ever brought before 
Parliament, nor one that was less likely to meet with 
a solution satisfactory to all parties. At present the 
Bill is but a skeleton, What its future form may 
be has yet to be discovered, 





THE JAMIN ELECTRIC LIGHT. 


A VERY interesting demonstration of the capa- 
bilities of M, Jamin’s system of illamination vy rf 
tricity was made last week in Paris at the laboratory 
of the Compagnie Générale d’Eclairage Electrique 
in the presence of many of the leading French 
savans and other distinguished men. Among those 
present were Messrs. betta, Jules Ferry, J. B. 
Dumas, Frémy, Proust, Marey, Barthelemy St. 
Hilaire, Hervé-Mangon, Daubrée, Cernesson, Ad- 
miral Mouchez, and many others of Euro 
celebrity. It is stated that there were about 2000 
visitors present at the demonstration. 

The hall in which the experiments were made is 
a building 100 ft. long by Ott. wide, and suspended 
from the ceiling were forty of M. Jamin’s new 
lamps, the electric currents for which were induced 
by a set of Gramme machines, some being driven by 
steam, and others by gas engines of the Crossley 


e Jamin electric candle, in the disposition of its 
carbon differs only in detail from the candle 
of Mr. Wilde, which was also independently worked 
out by M. Rapieff, and consists of two vertical 
sticks of carbon about 1 ft. , and 4mm, in 
diameter, with no insulating between them, 
supended from their upper extremities in sockets, 
the one being fixed, and the other rocking on a 
_— so as to reguiate the distance between the 
ower ends of the carbons by the varying strength 
of a small electro-magnet acting on an armature 
attached to the pivotted carbon holder. . 

The distinctive feature of M. Jamin’s candle, 
however, consists in the arrangement of the circuit 
of the connecting wires, by which the electric currents 
transmitted through them exercise a deflective 
action upon the arc which is passing between the 
points of the carbons, and which is thereby projected 
as a blow-pipe flame, greatly adding to its illumi. 
nating power by increasing its temperature and 
enabling it to be directed on to a ball of lime or 
zirconia, which is thus brought to a state of intense 
incandescence. To obtain this deflective action 
the main circuit is carried several times round a 
mar pal loop of wire which is fixed in the same 
vertical plane as the carbon pencils, but at a con- 


.| venient and safe distance from them—an arrange- 


ment extremely simple in itself, but which we shall 
be able to describe more clearly by the aid of draw- 
ings in a future notice. 

Each of the go exhibited in the Paris experi- 
ments contained three Jamin candles, the burning 
out cf one, by actuating an automatic switch, throw- 
ing the next into circuit, and'the consumption of this 
starting the third. M. Jamin himself described the 
apparatus, and demonstrated to his large and dis- 
tinguished audience the ect control under which 
the lights are maintained ; for, by his system, the 
candles can be lighted or extinguished at will, can 
be lowered in illuminating intensity to that of a 
rushlight, or turned up to their fullest. power, and 
the lighting or extinction of any lamp or series of 
lamps can be effected from a distance without the 
necessity, as under the Jablochkoff system, for an 
attendant to go round from lamp to lamp. 

Our readers will be interested to learn that M. 
Berly, whose name is so well known in this country 
as in France in connexion with the develop- 
ment and improvement of the electric light, has 
c of the Jamin system in England, and the 
public may look with confidence for the success of a 

stem possessing such exceptional advantages when 





P. as it is in such able and experienced hands ag 
those of M, Berly. 
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THE WALSALL BOILER EXPLOSION. 


Tue adjourned inquiry into the boiler explosion 
at the Birchills Hall. tron Works, near Walsall 
oe pp. 421 and 43] ante), was resumed on Mon- 

y last, the 7th inst., the coroner, Mr. A. A. 
Fletcher, being, as before, assisted by Mr. E. B. 
Marten, of Stourbridge, the engineer-in-chief of the 
Midland Boiler Insurance Company, as well as by 
Mr. W. F. Traill, the oe! surveyor-in-chief to 
the Board of Trade, and Mr. T. J. Richards, also of 
the Board of Trade. On Monday, after some discus- 
sion, it was decided to commence by recalling 
Thomas Cornfield, the engineer in charge of the 
boilers at the time of the explosion. An abstract 
of Cornfield’s previous evidence was given by us on 


page 421 ante. 
n Monday last Cornfield was cross-examined by 
Mr. Edge (the counsel appearing on behalf of the 
Boiler onanee and Steam Power Company) with 
reference to the date at which the safety valve 
weight on the exploded boiler was placed 4 in, from 
the end of the lever. The witness’s evidence on 
this point was somewhat contradictory, he at first 
stating that he had only altered the position of the 
weight in January last, then that he made more than 
one alteration, and then returning to his original 
statement. He had met an inspector near the 
works in March last, but the inspector did not point 
out to him that the weight was at the end of 
the lever; he did not remember that the inspector 
had ever spoken to him about it, or that he (the in- 
spector) and said that he had calculated the pressure 
must be 35 lb., while the gauge in the engine-house 
indicated 294 lb, A fresh gauge was brought from 
the office and applied, not on account of anythin 
the inspector had said, but because he (witness) had 
doubts about the old one; the new gauge indicated 
ractically the same as the old one, and was on the 
iler at the time of the explosion. He did not 
hear the inspector say that the valves must be ad- 
justed to blow off at 30 lb. per square inch, and he 
ad not been asked to adjust the weight since the 
29th of April. He believed he last saw a report in 
" cept during the periodical cleanings the 
weight was not shifted after it was put back, up to 
the time of the explosion. He had not told Grainger 
that he had put back the weight since the last visit 
of the inspector ; he had mentioned shifting the 
weight to Grainger, but his remarks referred to the 
removal he made early in the year. 

Examined by Mr. Traill, the witness stated that 
he entered the service of the Birchills Hall Com- 
pany in Jan last, and he explained how he would 
ascertain the effect of the weight on a safety valve 
by weighing. The report he had seen stated that 
the weight was to be placed 3ft. Yin, from the 
centre—the centre of the valve as he understood it. 
The float seldom stuck ; the last repairs done to the 
boiler consisted of a little caulking a fortnight or 
three weeks prior to the explosion; he had no 
reason to believe that the boiler was weakened at 


any time by cutting out rivets. It was Birch’s duty, | * 


not his, to look out for cracks; the only leak he 
(witness) had seen was in the ball furnace flue, and 
some rivets were then cut out and new ones put in. 
He never noticed any material difference between 
the gauge in the engine-bouse and that on the small 
boiler, and never knew the exploded boiler to prime 
or to be short of water. The stop valve was open 
about 2} in at the time of the explosion, and the 
safety valve was blowing freely shortly before, the 
gauge indicating 29} lb. ar time. He never 
saw flames issuing from the chimney shaft at night. 

In answer to Mr. Williams (who ap for the 
owners of the works) Cornfield stated that a report 
fromthe Insurance Company was read to'him by Mr. 
Johnsoh shortly after he entered the works, and in 
consequence of that report he altered the position 
of the safety valve weight, the weight subsequently 
remaining in the altered position except when the 
boiler was being cleaned. He hadifound that the 
water was up to the gauge cocks about half an hour 
before.the explosion, and he was firing when the ex- 
plosion occurred; he would not have been doing 
this if there had been too much steam. 

Further examined by Mr. A, Young (who repre- 
sented the Home Office), the witness repeated his 
statement about first altering the safety valve 
weight, and added that after this weight had once 
been adjusted, no one told him to adjust it again, 
He had never noticed and had never been told that 
there was a 5 lb. weight on the lever in addition to 
the proper weight. He had not heard = report 
setting forth that No. 4 boiler (the one which ex- 





ploded) was overloaded by 5 lb. and an extra weight | measured from centre of valve instead of from centre 
at the end of the lever, and stating that this should of fulcrum, believing at the time that the former 
be altered, and the proper weight pinned on the | was the right thing to do. He was, he stated, never 
lever at a distance of 3 ft, 9 in, from the fulcrum, | told to pin the weight at 3 ft.9 in. from the fulcrum, 
The lever being placed in his, witness's, hands, he | but he believed he had heard the report of April ] 

gave the length as 4 ft. 6 in., and admitted that he |in which it was stated, that the valve was 
had put the weight inwards 5 in. too little, he having | loaded to 401b., or 10 lb. too high. The report of 
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TaBLe No. I.—Rez Borner Expiosion, Brrcwitis Iron Works, WALSALL. 
yee Lloyd’s Proving House, Netherton, near Dudley, June 3, 1880. 
Str,—The following is the result, &c., of tests applied to seven samples of boiler-plate, tested here in the presence 
of Mr. Marten and other gentlemen : 





| 
ULTIMATE STRAIN.) FRACTURED. 













































































s ORIGINAL. 
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Hy . cp a pet? 

“|. d ] - 

3/ § Per Square | ” rom - — APPEARANCE OF FRACTURE. 

| & neh of : 

S\t ad : oJ Original : = 

gesia | § | 2] 3 | Aree § | H 

Z\a | -z B a G a < = 
in. sq. in.| tons. tons. in. (sq. in. | sq. in. per in. | in.| per 
| | cent. cent, 

1 | Bl /|2.00x.36} .720 [13.075 18.15 1.98.36) .712 008 11 10 | .09; 0.9 Faas. 50 per fibre, 
| | per cent. crystal. 

2| ||B2 |2.00x.42) 840 f poe ones } 1.98x.42| .831 009 1.0 | 10] .10| 1.0 |Partly fractured before testing. 
| tf] starting strain 30 per cent. fibre, 50 per cent. 
ran crystal, 20 per cent. old frac- 
la |} ture. 

3 /&||B3 |2.00x.23) .460 | 8.806 19.14 1.98%.23| .455 } 005 1.0 10 | .23| 2,3 |Laminated, surface pitted. 100 
Si) | | per cent. crystal. 

4i= B4 (2.00.42) .840 [15.075 17.94 1.97.42) .827 013 15 10 | .20| 2.0 |Laminated. 60 per cent, fibre, 
4 40 per cent. crystal. 

5 \s || B 4* |1,99x.40) .796 |16.387 20.58 1.99.38} .756 040 5.0 10 | .78| 7.8 {98 hy. fibre, 2 per cent. 
3 | crystal. 

6 Bé (|2.00x 86] .720 | 13.800 1916 |1.98x.35 | 693 027 3.7 10 | .70| 7.0 |97 per cent. fibre, 3 per cent. 

| | None broke crystal. 
7 B7Z /|2,00%.39} .780 |13.693 17.55 |1.99%.40) .796 f outside cual 5 | .08|; 16 |Laminated. 30 per cent. fibre, 
| 70 per cent. crystal. 





T am, Sir, your most obedient servant 


T. W. Traiil Enci s tn-Chief ‘ — D. G. Lewis, Superintendent. 
* W. Trail 3 Biesinghall-stroct, Londow, £.0. Beles 


TasLe No. Il.—Re Borer Expiosion, Brrcontiis Iron Works, WALSALL. 
g : Lloyd’s Proving House, Netherton, near Dudley, June 4, 1880. 
Srr,— According to arrangement with you yesterday, we have reduced the width of No. 2 sample, and again tested 
it, with the following result : 















































¢ ORIGINAL. ULTIMATE STRESss.} FRACTURED. | 
a 
; | roma eae ie omer 
. | ’ ; 
=| § cst | See. | S § APPEARANCE OF FRACTURE. 
- = | | = < : = 
121]. Total. | Zo_, g 3 
Beg it! gs Fd lege) s | # e e 
5 2 N | SES 8 £ § 2 
Z| a alll 77) < | a a | « = 
in. | sq.in. | tons. in. sq. in. jsq. in.) per | in. jin. | per | 

5 | cent. cent. 
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I am, Sir, your most obedient servant, 
E. B. Marten, Esq., C.E., Stourbridge. D. G. Lewis, Superintendent. 
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May 6, in which it was stated that the valves of 
boilers Nos. 1 to 6 should be adjusted, was not read 
to him. 

In reply to the foreman of the jury, the witness 
added that no complaint had been made to him of 
the boiler being short of water. The engines were 
sometimes stopped when steam was up and the works 
going, but seldom for more than a quarter of an 
hour. There was nothing to cause the engines to be 
stopped on the morning of the explosion ; he could 
not say when the boiler primed last. 

The correspondence between the owners of the 
boiler and the Boiler Insurance and Steam Power 
Company, from the 30th of October, 1877, to date, 
having been read by Mr. Williams, Mr, E. B. 
Marten next put in a report of the testing of seven 
samples of boiler plate, these tests being additional 
to those given at the previous meeting of the Court. 
Table No. I. annexed gives the results of these tests, 
while the accompanying engraving shows the posi- 
tions in the boiler from which the test pieces were 
taken. Table No. IL, also appended, shows the 
result of re-testing sample No. 2 of Table I. The 
results of these tests speak for themselves, and we 
do not propose to comment upon them here. 

Mr, Jonah Davies,* of Wolverhampton, was next 
called, and read a report, giving the results of his 
examination of the boiler which had exploded and 
of the other boilers at the works, The pressure in 
two of these when ag NG freely he calculated at 
37 lb. per square inch. He bore testimony to the 
accuracy of Mr. E. B. Marten’s description of the 
exploded boiler, and agreed with him as to the pro- 
bable cause of the rupture, but he differed from him 
as to the deductions to be drawn from the appearance 
and tests of the plates, as to their original quality. 
He believed that best Yorkshire iron would have 
given similar results if it had been subjected to the 
same causes of deterioration. The owners of the 
boiler had always used a well-known brand of platefor 
repairs, while the tippet plates they had manufactured 
themselves out of the very best selected scrap. They 
had also employed a good staff of boilermen to carry 
out the instructions of the Boiler Insurance Company's 
inspectors. The boiler feeding arrangements were 
ample, consisting of a plunger pump 6?in. in diameter 
and 22in. stroke on the large engine working 16strokes 
per minute, and one 7?in. in diameter by 10} in. 
stroke on the forge engine making 28 strokes per 
minute. The remains of the exploded boiler showed 
no sign of overheating from shortness of water, and 
the feed valve was found full open. He did not 
consider that there was any evidence of the boiler 
having been exposed to too much heat, or more 
than other boilers of its class are subject to, there 
being no glazing of the bricks or other signs of in- 
tense heat in the lining of the underground flue. 
He agreed with Mr. Marten that the immediate 
cause of the explosion was the weakness of the 
boiler opposite the neck of the ball furnace, and the 
flame from this furnace impinging upon a seam of 
rivets weakened by corrosion, lamination, and in- 
judicious over-repair, this state of things having 
escaped the notice of the boiler inspectors, and 
of the men in charge. He considered it un- 
fortunate that the dip-feed pipe happened to be near 
the part where the rent commenced, but as the 
boiler was: fired by four furnaces he did not think 
this part was hotter than any other, supposing 
the furnaces to be working equally. These dip- 
feed pipes were always a source of trouble and were 
generally too near the bottom of the boiler. He 
always advised their being shortened so as to deliver 
the feed, say, 3in. or 4in. above the level of the crown 
of the centre tube, as being the safest place in these 
boilers, The steam gauge taken off the large engine, 
which showed so great a discrepancy when com- 
pared with the mercury column, might have indi- 
cated the pressure more correctly when on the 
steam pipe, even if in the same condition as at 
present, as when on the pipe, the india-rubber disc 
which protects the spring would be warm, and con- 
sequently more elastic, than when the gauge was 
tested by water pressure. 

_ At the conclusion of Mr. Davies’s evidence the 
inquiry was adjourned until Monday the 21st. inst. 
We commented last week upon these long adjourn- 
ments, which protract an inquiry of this kind vereee 
all reasonable limits, and which besides involving 





the case, he having after the explosion been instructed by 
the solicitors to the owners to thoroughly inspect the boiler 
and report on it to their clients, and to assist in the inquiry 
before the coroner. 





numerous inconveniences, are by no means conducive 
to the proper investigation of the causes of such a 
disaster. It is ramoured—we do not know whether 
correctly or not—that the long adjournments in the 
case of the Walsall pt ind are being made solely to 
suit the convenience of the counsel representing the 
Home Office. If this be so, then the sooner a 
change is made in the official arrangements the 
better. It is very desirable that the Home Office 
should be represented on such an inquiry, but it is 
unreasonable in the highest degree that its being 
so represented should involve so much incon- 
venience and delay as in the present instance. 





NOTES. 
A New TELEPHONE RECEIVER. 

At a recent meeting of the Roya! Society 
Mr. W. H. Preece exhibited an extremely simple 
telephone receiver which reproduced transmitted 
speech quite distinctly to the ear. It consisted 
merely of a very fine wire attached to a sounding 
board ; and its action is accounted for by supposing 
that the heating and cooling due to the passage of 
the undulatory vocal currents in the wire cause it to 
expand and contract so as to set up audible vibra- 
tions, This is a very interesting telephone, even if 
not so practical as others now in use; but if we are 
not in error it is the same as that announced by us 
some weeks as the invention of M. Ader and 
the Count du Moncel, 


Tue RONALDS CATALOGUE, 

The latter years of Sir Francis Ronalds, F.R.S., 
were devoted to the acquisition of a comprehensive 
library of electrical works, and the compilation of a 
complete bibliograph of all the bouks, pamphlets, 
and papers on electrical subjects that had been pub- 
lished. By the conditions of his will this library and 
manuscript catalogue were bequeathed to the Society 
of Telegraph Engineers, and after being carefully 
edited by Mr. A. J. Frost, the catalogue has been 
printed and may now be purchased for 16s, There 
are 560 pages of it, comprising 13,000 entries, and 
it is prefaced by a readable memoir of Sir Francis 
from the pen of Mr. Latimer Clark, C.E. The 
library will be a boon to'students of electrical 
science, and we understand that it will be thrown 
open, for purposes of research, not only to members 
of the Society of Telegraph Engineers, but also to 
the general public, Moreover, the Ronalds biblio- 
graph will be supplemented at the expense of the 
Society by another, bringing it up to the latest date, 
and thus a list ofall the known works on electricity 
which have seen the light will be extant, 


LIEUTENANT HERSCHEL ON THE METHOD OF DETER- 
MINING THE ForcE OF GRAVITY. 

Lieutenant J. Herschel draws attention in the 
June number of the Philosophical Magazine to the 
errors and mistakes contained in a 4 aed lately pub- 
lished by two well-known scientific gentlemen on 
‘¢ The Determination of the Acceleration of Gravity 
for Tokio (Japan).” He shows that their funda- 
mental formula is wrong, and that in rejecting the 
use;of Kater’s pendulums in favour of the method of 
their own devising, they have gone so far astray that 
the force of gravity in Japan ‘‘ may be known more 
certainly from the formula” than from the experi- 
ments recorded in the paper. They rejected the 
pendulum experiments it appears because the results 
yielded by them differed too much from the erro- 
neous equation, and the idea of appealing thus to an 
empirical formula as a test of a modern experiment 
is regarded by Lieutenant Herschel as “ perfectl 
astounding ;” and he adds, “‘ I cannot find words to 
represent oe pon § the state of dazed astonish- 
ment created by such an appeal.” 


Tue GAND-TERNEUSEN Sup CANAL. 

A convention was concluded towards the end of 
last year between Belgium and Holland in reference 
to the ship canal from Terneusen to Gand, and the 
purchase of the railway from Antwerp to rie 
with the branch from Roosendaal to Bréda, ‘The 
canal which lies partly in Belgium and partly in 
Holland opens into the Scheldt, and thus connects 
Gand to the sea, As it at present exists its dimen- 
sions are small, and its course very devious, so that 
it is not available for any but small ships, The 
scheme includes the alteration of its alignment, and 
a great enlargement of its dimensions, As alte 
the bottom width will be 55.76 ft., and its depth 
from 19 ft. 10 in. to 22 ft, 5 in., with slopes of 3 tol, 
a width of water at the surface of 173.6 ft., anda 
towing path 32 ft. in width. The expense of the 
whole of the works, as well as the pure of land, 


red | within 50 ft. of the top. 





will be borne by the Belgian Government, advances 
being made to the contractors by the Dutch Govern. 
ment in payment-of the work carried out in Hol- 
land, to be repaid by the Belgian Government, and 
the maintenance of this portion of the canal will 
be at the charge of Holland. 


Tue Cost or BeLaian State RaILways. 
The following figures show the cost and financial 
rare of the Belgian State railways at the close 
of 1878. 











a oael. Annuities.| Totals. 
£ & £ 
Railway constructed by 
— State oe iti 11,947,000 
ways constru 
under contract for the 18,919,600 
State ... sof ++»| 1,972,600 
Railways purchased by 
the State... ...| 8,770,300 |12,248,000 |16,018,300 
— of railways 
worked by the State ...| 1,039,900 ts 1,039,900 
Rolling and other stock | 6,142,000 | 520,000 | 6,662,000 
24,871,800 | 12,768,000 |37,639,800 














The total receipts for the year 1878 amounted to 
3,820,026/., and the cost of working was 2,420,817/., 
and as the charges on capital were 1,532,913/., the 
result of the year’s working showed a deficit of 
133,704/. 


Unitep States Corron MANUFACTURE, 

At the close of last year there were 10,500,000 
cotton spindles in the United States; and the cost of 
constructing a mill for spinning and weaving is from 
12 dols. to 15 dols, a spindle, and suitable for treat- 
ing yarn of 840 yards to the pound. The rate of 
wages is higher now than it was in 1860, when the 
industry was in a far less advanced state, but at the 
same time the productive power of machinery has 
increased in a far higher ratio, At present the cost 
of labour (including managers, clerks, &c.), for 
producing printing calicoes 28in. wide and 7 lb, to 
the yard is less than one halfpenny a yard, For 
heavy sheeting 36 in, wide, and 30 in, wide, and 
from 23 lb. to 3 1b. per yard it is 1} cents per yard ; 
for shirtings 30 in, to 36in,, and 2b, to 3lb. per 
yard, it is 1} cents to 2 cents; for fine sheviing 
30in. to 40 in., and 3 lb, to 41b., it is from 1 cent to 
3 cents per yard. These fabrics, with cotton duck, 
baggings, and tickings, comprise 95 per cent, of the 
total manufacture, Very fine fabrics and fine yarn 
for spool cotton have only been recently manufac- 
tured in America, and the difficulties arising in 
manufacture, from the dry and electrical condition 
of the atmosphere have been overcome by moistening 
the air with water sprays. ‘The ayerage proportion 
of operatives to 1000 spindles is fifteen. 

FirE IN AN ATHRACITE CoaL MINE, 

On the third of May last an anthracite coal mine 
at Wilkesbarre, Pennsylvania, caught on fire, the 
conflagration commencing with the burning of a 
breaker at the top of one of the shafts. The work- 
ings, 840 ft. deep, were flooded, and afterwards 
pumped out, when it was found that the mine was 
still on fire in the inner end of a slope, which had 
not been touched by the water owing to the ac- 
cumulation of compressed air, ‘s..e workings were 
again flooded, and operations were commenced for 
boring a 6-in. hole from the surface to tap the 
upper part of the slope, so as to allow the air to 


Yjescape. After a depth of 662%ft. had been reached, 


the rock brought up in the boring tool was very hot, 
and a few feet beyond, the drills set fast in the coal, 
showing that the roof of the slepe had been missed, 
and the bore-hole was by the side of it. By using a 
boring rod of pipe, lin. in diameter, and with a 
plentiful supply of water, a depth of 685 ft. was 
reached, but the thickness of coal between the hole 
and the slope could not be broken through. A 
charge of giant powder, 10ft. long, weighing 1001b., 
and containing 30 percent. of nitro-glycerine, was 
then lowered and exploded, but without effect. A 
second and larger cartridge, with 80 cent, of 
nitro-glycerine, was then exploded at the bottom of 
the bore. The force of this blast destroyed the par- 
tition of coal, and the water flowed into the bore hole 
It will be interesting to 
note the effect of this blast, conducted under such 
novel conditions, and against the pressure of 600 ft. 
head of water. It is somewhat analogous to the 
common operation of blasting out the bottoms of 
oil wells when they become sluggish, but in such 
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cases it is of course impossible to ascertain the effects 
produced, 
Tue S.S. “ CoLumsia.” 

This fine new steamer recently completed at the 
works of Mr. John Roach, of Chester, Pennsylvania, 
for the service of the Oregon Railway and Navi- 
gation Company, has been fitted up with many 
electrical novelties, the first and foremost being 
the Edison electric lamp. The state rooms and 
saloons are provided with these lamps, which are 
fed by four Edison dynamo-electric machines, 
stationed in the engine-room and driven by the 
engine. One of the machines is used solely to 
excite the field magnets of the other three. The 
lamp fixtures are of the same form as those used 
for oil lamps, and—necessary precaution—such 
lamps can be substituted. ‘I'he globes are slightly 
frosted by dipping them in hydrofluoric acid ; and 
the consequent loss of light is, therefore, far 
less than when opal globes are used. The state 
rooms on the upper and lower decks are lit by 
separate circuits which are controlled by a switch- 
board in the engine-room. The head light of the 
Columbia is a Maxim electric light placed in the 
focus of a parabolic reflector and capable of direct- 
ing a divergent cone of light far over the sea, All 
the rooms on board are fitted with electric call-bells, 
and telephones are employed to connect the smok- 
ing-room with the steward’s office, and the captain’s 
cabin with the rooms of the chief engineer, purser, 
and steward. Among other improvements is an 
electric tell-tale on the bridge, which enables the 
captain, by simply pressing a button, to tell how the 
engine is going without advice or signals from the 
engine-room. 

Tue UNIVERSITY OF PENNSYLVANIA, 

Some weeks since, in an article upon the Edison 
electric light, we alluded to one of the educational 
eatablishments of the United States, in a manner 
calculated to create an erroneous impression, which 
we take the opportunity of correcting. The Uni- 
versity of Pennsylvania is one of the oldest, and 
ranks amongst the highest of the colleges of 
America, It was founded by Dr. Franklin and Dr. 
William Smith, and obtained a charter in 1755, 
making it the sixth in order of date. It comprises 
six departments, one of which is almost contempo- 
raneous with the founding of the University. e 
Department of Arts was founded in 1765, that of 
Law in 1789, of Medicine in 1865, the Towne 
Scientific School in 1872, and the Dental School in 
1878. Besides these there is a Department of Music. 
The Art Department embraces all the branches of 
a non-technical education. The Towne Scientific 
School trains students for certain technical and pro- 
fessional duties, namely, chemistry, metallurgy, and 
assaying, mineralogy, geology, and mining; civil, 
mechanical, and mining engineering and architec- 
ture. There are fifty-seven professors and sixty- 
seven demonstrators and instructors for the various 
departments, the list including some of the leading 
men of science in Pennsylvania, The total number 
of students on the books of the college at the be- 
ginuing of the present session was 1030, of whom 
528 belonged to the Department of Medicine. The 
fees for attending a course of lectures varies from 
about 100 dols. to 150 dols. This institution must 
not be by any means confounded with the so-called 
University of Philadelphia. 


MerropouitaN WATER SupPty. : 

The furnishing of a constant supply of water is 
gradually making its way into the metropolis, but 
very irregularly in different districts. According to 
the report for April of the water examiner, Lieut.- 
Colonel Bolton, the eight London water companies 
were, during that month, supplying water to 578,870 
houses, of which 146,035, or about one-fourth, were 
receiving constant service. These houses were dis- 
tributed between the different companies as follows: 








Number of 
ee Houses receiv- 
Name of Company. = = ing. constan + 
upply. 
Kent ... a 48,380 13077 
New River ... 130,121 15,209 
East London... 122,746 100,848 
~~ _—— 7158 
West Middlesex 54,062 5,823 
Grand Junction 40,285 none 
Lambeth a 63,706 8,590 
Chelsea 30,071 1,073 
Totals... 578,870 146,085 


* This number is exclusive of bouses, factories, &c., 
supplied by meter. 








It will be seen from the above o- that the 
pr made by the East London Water Works 
in the direction of constant supply far exceeds that 
of any other company, while the Grand Junction 
Water Works Company have taken no steps what- 
ever towards furnishing constant service beyond the 
construction of the Kilburn reservoir, and the laying 
of a main in connexion with it. The average daily 
supply of water furnished by the eight companies 
during the month of April was 135,710,869 gallons, 
of which 69,665,151 gallons were drawn from the 
Thames, and 66,045,718 ons from other sources. 
The companies have now collectively 3301 miles of 
main, of which 2627 miles are laid within the metro- 
politan boundaries, and of this latter mileage 7194 
miles are constantly charged. 


Tue Iron Propuction oF THE UNITED KinaDom. 

Mr, W. G. Fossick, of 86, Cannon-street, has 
recently prepared and published. through Messrs. E, 
and F, N.Spon, of Charing Cross, a very complete and 
carefully compiled statistical diagram of the iron 
and steel trades of the United Kingdom from 1830 
to 1880. This diagram shows, for the last fifty 
years, the total production of pig iron, the ex- 

rts of iron and steel, and the stocks of pig iron 
in tons at the end of each year. It also includes, 
for the same periods, the prices of Scotch pig, 
Welsh bars, Staffordshire bars, and iron rails 
between 1864-1880, and steel rails from 1864 to the 
present time. Information is thus given ata glance, 
which it would be tedious to obtain from statistics, 
and in a manner to show strikingly the variations 
in the trades dealt with for half a century. As may 
be expected the gradations in production, though 
always increasing, show periods of deep depression. 
The following figures taken from this diagram are 
of interest : 








! 
Year Poduction | Price of | Price of | Price of Staf- 
* lof Pig Iron. | Scotch Pig. | Welsh Bars. fordshire Bars 
tons. 8. 8. 8. 
1830 678,417 102 110 117 
1834 158,166 86 115 135 
1840 1,396,400 77 | 135 | 158 
1852 2,701,000 37 92.5 | 120 
1853 1,261,272 65 190 | 220 
1872 6,741,920 70 140 | 160 
1879 6,200,000 40 93 | 150 











The above are the lowest prices of the respective 
years, and in some cases were subject to remark- 
able fluctuation, Thus in 1872, when the lowest 
prices for Scotch pig and Welsh and Stafford- 
shire bars were respectively 70s., 140s. and 
160s., they touched 130s. 290s., and 320s. re- 
spectively, to suffer, however, a very severe fall 
again before the close of the year. Steel rails 
were at their highest prices—17/. 10s.—in 1864 and 
1872-73, to fall, however, in 1870 to 10/., and last 
year to 4/.10s. The year 1873 was another pros- 
perous season for iron rails, which touched 12/. a 
ton, and last year was the worst, as they fell to 
nearly 80s. We strongly recommend this chart to 
every one interested in the British iron trade, and 
we may add that it is extremely well executed. 


THE AsTRONOMER Roya’s Report. 

The annual report of the Astronomer Royal for 
the year ending May 9 of the present year, has just 
been issued, and contains some interesting facts in 
connexion with the work done at the Greenwich 
Observatory. Altogether 11,295 separate astro- 
nomical observations were made between May 20, 
1879, and May 9, 1880, including seven com- 

lete observations of the moon near to her con- 
junction with the sun. The moon was ob- 
served with the transit circle, 99 times or 8.3 
times per lunation, and with the altazimuth 154 
times or 14 times per lunation, while the moon’s 
diameter was measured altogether 65 times. Thirteen 
occultations of stars by the moon and 30 phenomena 
of Jupiter's satellites were observed during the year, 
and micrometer measures of satellites of Mars 
and Saturn were made, as well as drawings of Mars 
and Jupiter near the time of opposition. The 
aera and photographic operations included, 

e examination, on 37 occasions, of the sun’s chromo- 
sphere; three sun spots were also examined, and 
15 photographs taken of the spectra of three 
a, A large number of photographs of the sun, 
of which 270 are preserved, were taken on 145 
days, and show a complete absence of spots during 
64 days. Since last Uctober the outbreak of spots 
has been very marked, The mean areas of spots 
and facule for each rotation of the sun from Faly 
11, 1873, to December 27, 1879, have been com- 





puted, as well as the mean heliographic latitudes of 
ts for each rotation between April 16, 1874, and 
ecember 27, 1879. As to the meteorological ob- 
servations, it is stated that the mean tem ture of 
the year was 46.1 deg., being 3.3 deg. below the 
average of the past 38 years. The highest tempe- 
rature recorded was on July 30, 80.6 deg., and the 
lowest December 7, 13.7 deg. The mean temperature 
fell below the average during every month of the 
ear, the greatest deviations being in January and 
ecember, 6.8deg. and 7.6deg. The mean daily 
motion of the air during the year was 268 miles, or 
11 miles below the average. In July it was 78 miles 
above, and in December 75 miles below this mean. 
The greatest recorded motion in one day was 705 
miles on December 30, and the least 32 miles on 
October 12. The number of hours of bright sun- 
shine recorded at Greenwich was only 983, or an 
average of 2.69 hours perday. The calculation and 
deductions from the various observations of the 
transit of Venus (1874) are not yet completed, and 
the printing of the records appears very backward. 
Provisional arrangements are ietas made for observ- 
ing the transit of 1832, and the principal stations 
will be established at the Cape Colony, the shores 
of Canada, the United States, Bermuda and the 
West India Islands, and the eastern shore of 
Australia or New Zealand. 


CHANGE OF TEMPERATURE OF STEAM CYLINDERS. 
Mr. Charles A. Smith, of St. Louis, has recently 
communicated to the American Master Mechanics’ 
Association particulars of some interesting experi- 
ments made by him on the change of temperature of 
steam cylinders during the working of an engine. 
The apparatus employed in these experiments con- 
sisted of a silver tube 6 in. long, yy in. in diameter 
outside, and y;in. thick, this tube being closed at 
one end, and — passed through it a rod con- 
nected by a cam and tooth gear to the index of an 
ordinary pressure gauge, the arrangement being 
such that the expansion and contraction of the silver 
tube moved the index of the gauge, and so indicated 
the temperature. The necessary graduations were 
obtained by the comparison of the instrument with a 
thermometer. In using the apparatus it was 
applied to the cylinder, so that the exterior of the 
silver tube was exposed to the steam in the cylinder, 
and when thus applied to the cylinder of an engine 
working slowly, the index of the instrument showed 
during each stroke nearly the whole range of tem- 
perature to be expected from the variation in the 
pressure of the steam. At higher speeds, however, 
the range of-action of the index became less. Thus 
on the 24th of April last the apparatus was applied 
to a locomotive hauling a light passenger train, the 
steam being throttled except at the highest speed. 
The experiments were continued through a run of 
33 miles, and it was found that whereas when the 
engine was making but 50 revolutions per minute, 
the instrument indicated a change of temperature of 
120 deg. during each stroke, at 100 revolutions per 
minute the variation dropped to 60 deg., at 200 re- 
volutions to 30 deg., and 300 revolutions to 20 deg., 
the amount of variation being thus inversely pro- 
portional to the speed. It is no doubt a fair assump- 
tion that the changes of temperature indicated by the 
thin silver tube employed by Mr. Smith are approxi- 
mately proportionate to the changes of temperature 
which take place in the inner surface of the cylinder 
during the working of the engine, and the experi- 
ments thus, as far as they go, strongly confirm the 
now generally accepted conclusions as to the advan- 
tages of high speed in diminishing the condensation 
of steam in cylinders. Mr. Smith, we uuierstand, 
intends to extend his experiments, using a thin iron 
tube in place of silver, and we would suggest that 
the value of his researches would be much increased 
if indicator diagrams were taken simultaneously with 
the observations of changes of temperature. More 
accurate conclusions could then be drawn as to the 
effect of speed as distinguished from the effect of 
alterations in the working of the steam in the cy- 
linder. It is also to be borne in mind that, owing 
to its extensive surface in proportion to its mass, 
a thin tube, such as is employed by Mr. Smith, will 
probably pass through a greater range of tempera- 
ture at each stroke, than the surface of body of the 
cylinder. It would be of interest to test the effect 
of employing tubes filled with mercury, Tubes so 
filled would be free to expand or contract, but the 
presence of the mercury would cause them to some 
extent to represent solid bars as far as the mass of 
oot gg be heated or cooled each stroke is con- 
cern 
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THE STEAM FLEET OF THE COMPAGNIE] _ Perhaps I should- apologise to you, Sir, for again ad- | ferred to therein are weights or measures of the metric 
7 ALE TRANSATLANTI - dressing you on this “‘ ballast’’ subject ; I may should | system, the ground that decimal subdivisions of 
GENERA Epivor py Cemarmrsegm not have done so, but that the : simplicity of Mr. inperial ‘eights or cememupea, Shelley te 


S1z,—I send you a copy I have received of the Glasgow 
News of Sa y last, containing an interesting account 
of the trial of the St. Augustin, the second ship built by 
Messrs. Elder for the Compagnie Générale Transatlantique, 
from which it will be seer she attained a mean s of 
15.35 knots with an indicated horse er of 2563. As this 
is about a knot faster than the s: got by their previous 
sister ship, further details would be of interest. The 
notice is as follows : 

** Trial Trip of the St. A tin.— Yesterday the steam- 
ship St. Augustin, launched by Messrs. John Elder and Co. 
on 28th April, went down the river for the purpose of 
having a trial of her speed on the measured mile. The 
vessel is the second of four ordered from the Messrs. Elder 
by the Compagnie Générale tlantique for their in- 
creasing trade between Marseilles and Algeria. Her 
dimensions are—313 ft. 6 in. long, 33 ft. 6 in. wide, and 
25 ft- 6 in. deep. She is propelled wy a pair of compound 
engines; the high-pressure cylinder being 42in. in 
diameter, and the low-pressure one 80 in., with a stroke 
of 4ft. A select com having joined her about 
12 o’clock at Prince’s Pier, Greenock, the vessel went 
down to Skelmorlie, when the measured mile was run 
four times. The first was done in 8 min. 48 sec., the 
second in 4 min. 4 sec., the third in 3 min. 35 sec., and the 
fourth in 4 min. and 4 sec., showing an ege ol on the four 
runs of 15.35 knots per hour, the engines showing about 
2563 indicated horse power.” 

The case seems not unlike that of the Iris, the full par- 
ticulars of which were given to the merchantship buillers 
by the Admiralty officials. 

This information has been of great value, and it is but 
natural they should in return expect a like courtesy from 
the merchant shipbuilders in an apparently parallel case. 

ScruratTor No. II. 

(Messrs. Inglis have carried out progressive trials with 
their first vessel, the Charles Quint, and we are glad to 
say that they have courteously offered to place full parti- 
= &. at our disposal. We hope to publish them in an 
early number.—Eb. E.] 





To THE EDITOR oF ENGINEERING. 

Str,—With reference to the letter from ‘‘ Scrutator,’”’ 
which appeared in your number of 4th inst., re performances 
of new steamers of the Compagnie Générale Transatlantique, 
we have to say that so far as the speed of the Méise was 
concerned, we were quite satisfied with a quarter of a knot 
over our contract speed of 14 knots, which we easily obtained 
under very unfavourable circumstances; the ship having 
been loaded to 9in. over the contract draught, and the 
trials having been conducted — half a gale of wind. 
Seeing, however, that Messrs. A. and J. Inglis have made 
such a t feature of the s obtained on the trial of 
their Charles V., we decided to try, in the case of our 
second ship the St. Augustin, what speed could really be 
obtained, and we have now pleasure in sending you the re- 


sults : 
True mean speed ... eee +» 15.336 knots 
Mean horse power ... 2243 
Displacement... 2480 tons 
Mean draught ove kes 14 ft. 114 in. 
Immersed midship area 422 sq. ft 


We may state that Messrs. Inglis’s vessel was docked, and 
her bottom carefully smoothed and painted before trial, 
whereas in the cases of both our ships they were tried just 
as they left the slips they were built on, and had been 
veg, the foul water of the Clyde. for upwards of a 
month. 

Notwithstanding this great disadvantage, we obtained 
nearly a quarter of a knot greater speed from the St. 
Augustin than Messrs. Inglis succeeded in getting out of 
their Charles V. 

It is not our intention to enter into any dicussion on the 
relative merits of our ships and those of other builders, or 
we might enlarge on the much better results, as regards 
economy of coal, obtained on the coal consumption trial of 
six hours, which trials were conducted by the engineers of 
the company in the case of both the Méise and Charles ve 

We are yours truly, 
JoHN ELDER AND Co. 

Fairfield Shipbuilding Yard, Govan, June 8, 1880. 





THE CELLULAR CONSTRUCTION OF 
MERCHANT SHIPS, 
fo THE Epr10z OF ENGINEERING. 

Sir,—Mr. John seems desirous to know why it was I 
wrote you re his paper “On the Cellular Construction of 
Merchant Ships.”” Well I thought I had made it too plain 
for Mr. John, that I thought he was but im ly ac- 

uainted with the subject he had-taken up, and that I 
thought there wasan attempt to make a great deal of noise 
and much display which could not bear to be investigated 
by one who knew what had been done and what is now 
doing in ‘‘ship construction,’ and this, I think, “ your 
readers”’ will pretty well satisfied of from Mr. John’s 
own letters and the admissions they contain; but before 
pre be these Iagain give Mr. John an yg A to 
show that he can satisfy ‘‘your readers” that he ‘‘was 
within the mark,” when he said that, since Mr. Martell 
read his paper on ‘‘ Water Ballast Tanks” in 1878, “‘ there 
are 100 steamers built and building whose bottoms are con- 
structed on the longitudinal — .”” Now I challenge Mr. 
John to name three firms who have each built twelve such 
vessels, or in can Mr. John tell me or “ your readers’’ 
of any ten is who have built ‘ six such vessels,” or 
fifteen a. who a on built “four such 
vessels” since —any which cannot “bore your 
readers’’ very much. 4 





John’s very amusing letters tempts me to show what a 
contrast there is between So pages ens Soh great 
things, in which Mr. John se modestly tells us he and some 
others in Lloyd’s Office were deeply ‘‘ interested” because 
they had been the designers of an ‘ ment,’’ which 
Mr. John prophesied was to revolutionise construction 


of the mercantile marine, and all — about by Mr. 
Se es ee ee ” at Gi , | of the 
ol 


1878, and what Mr. has since sent to > ad jo on 
be — a a 1. ; 5 John’s first 
etter us, a! “arrangement,” he cares v: 
little if it did resemble other vessels which had been built 
several years before they became so much “ interested’”’ in 
it. Butto keep up a good appearance Mr. John, for want 
of a more potent argument, appeals to “‘ your readers”’ to 
credit what he tells them—a very sure sign of a very 
weak case, and a method not at all likely to gain 
a favourable impression from ed intelligent reader or 
thinker—but commecing to fear that he has gone a little too 
low, Mr. John suddenly mounts his high-horse, and tells us 
he could “‘ easily have embodied a few a’ culations 
and formulz on ship construction (which must be allowed 
to be quite in harmony with looking at the subject ina 
urely professional = of view),” and tells us it might be 
ifficult for us to follow him in tha Rosia 2. Mr. John 
also us, who are not of Lloyd’s ister, that it is 
*‘ absurd” to think we can know the latest shipb ildi & 
practice, or be able to nope the “p ne 
that great industry ; yet Mr. John’s last letter tells us that 
certain vessels, which I told him had been built at least 
five years before they had made this extraordinary ‘“‘ ar- 
rangement” in Lloyd’s Office, were built with brackets 
between the longituinals ; and if he had known this he 
would have named it in his . It does seem strange 
that a gentleman who could 80 large of his advantages 
and his noe in this “‘important’’ department should 
not have known this before, especially when his friend—one 
of those “‘ interested’’ in the ‘‘ ement,’”’—Mr. Martell, 
had previously investigated the subject of “ballast tank” 
construction, when he read his paper at Glasgow, onl 

about eighteen months before Mr. John startles us wit 

their “‘arrangement’’ made in Lloyd’s Office in 1876. 

Mr. John must have a good many “ professional points 
of view,” as the last part of his letter in your impression 
of the 4th inst. shows. I did cn a former occasion note 
Mr. John’s difficulty to get beyond the teachings of his 
school books ; but I no idea that the tie held him to the 
institution as strongly as to its lore. With what freshness 
Mr. John goes back to his school days, when he might have 
got so many “ marks’ for his essay, or, if disappointed, 

ive his more successful fellow a good ‘‘ drubbing’ when 

e got him out. I think Mr. John has now lost his 
‘* professional’’ point, as I would be disposed to place such 
‘‘ achievement” amongst the “‘ art.” 
Your obedient servant, 
James LYALL. 
Liverpool, June 8, 1880. . 








WIRE GAUGE. 
To THE EDITOR oF ENGINEERING. 

S1r,—Please allow me to refer to ‘‘ A. A.’s’’ letter in 
your issue of the 28th ultimo. I do not propose a new 
gauge, 7.e., a new list of sizes, but the adoption of a 
standard based upon an —- of the —N undefined 
B.W.G., which average was shown in my last letter to be 
so fair, that existing interests would not be affected—a most 
important consideration. I admit that ‘‘one metal will 
bear a different reduction to another,”’ and I add further 
that the same metal will bear a different reduction ac- 
cording to its quality and d of anneal; but we must not 
overlook the fact thatthe B.W.G. was originally 28 iron 
wire e, and the dimensions or sizes applied to that 
metal only, and now other metals as steel, copper, brass, 
are drawn to it, and their prices are governed by it. So 
extensive is its use and so intertwined are vested interests, 
that it will be useless to attempt to introduce any other 
differing from it in sizes : those who have had to do with 
wire-drawer’s strikes and their unions and associations 
understand the force of this remark. 

‘A. A.” asserts that my first argument “in favour of 
the B.W.G., that the notches therein indicate the reduction 
found by experience wire will stand drawing from one size 
to another”’ is invalid, ‘‘ because the successive differences 
in the diameters of the various numbers follow no law ;” 
the law is ‘‘ the reduction found by erperience.’’ 
fore the fact of the B.W.G. being empirical, what ‘‘ A. A.”’ 
like others evidently considers not so theoretically, 
withal its practicability, as a geometric gauge. Theore- 


tically it would be best to cross the Atlantic by railway, 
but it is not practicable. 
“, 2" of the want of law in the 


gives an cone 
B.W.G. After a search I fail to confirm his figures, but 
if he refers either to ae enn a Ot we ee 
the Telegraph Engineers’ report, he will find ollowing 
demonstrating Mr. Clark’s geometrical gauge to be ap- 
parently like the B-W.G. not governed by any law. 
Difference of diameter between : ‘ 


Wynn. Hughes. Clark. 

mm. mm. mm. 

Nos. 21—22=0.1 0.08 0.101 
22—23=0.1 0.08 0.091 
23—24—0.08 0.08 0.081 


** A. A.” is sanguine that the French millimetre gauge 
will be ‘‘ the universal wire gauge, and if our Government 
would only use it in their contracts for wire and sheet 
metal, it would soon be generally adopted.’”” He no doubt 
refers to the 
“A contract not be invalid or open to objection on 


the ground that the weights or measures expressed or re- 


wee hts and Measures Act, 1878, sec. 21:| A 





are used in such contract ;”’ with this 


| 
Hi 








Sec. 18, ‘‘ The Table in the third schedule of this Act 
be deeemed to set forth the equivalents of imperial 
weights and measures, and of the weights and measures 
therein expressed in terms of the metric system, and such 
table shall be lawfully used for computing and ez- 
pressing, in weights measures, weights and measures 
metric system.”’ These sections show that 
they establish the “‘ decimal system” so long by the 
late Sir John Bowring, that the metric system is 
governed by the imperial measures; therefore what is 
ewpressed in French millimetres must agree with the 
English measure. Consequently the list of standard sizes 
I propose is international, and one that can be compre- 
hended by foreign customers as demonstrated by the 
following Table: - 
eet English Mr. Clarke’s 
Number. ire Gauge. Geometrical Gauge. 
in. mm. in. mm. 
0 0.350 8.9 0.8987 10.00 
1 300 7.6 8521 8.94 
2 -280 7.1 315 8.00 
3 -260 6.6 .2817 7.16 
4 240 6.1 +252 6.40 
5 .220 5.6 2254 5.72 
6 .200 5.08 .2016 5.12 
7 -180 4.67 .1803 4.58 
8 165 4.2 1613 4.10 
9 -150 88 -1442 3.66 
10 135 8.43 129 3.28 
11 .120 8.05 1154 2.98 
12 -110 2.8 1032 2.62 
13 -100 2.54 .0923 2.85 
14 -085 2.16 -0826 2.10 
15 075 1.95 .0739 1.88 
16 .065 1.65 0661 1.68 
17 058 1.48 0591 1.50 
18 .050 1.27 0528 1.34 
19 044 1.18 .0478 1.20 
20 038 0.97 .0423 1.07 
21 084 0.86 .0878 0.96 
22 -030 0.76 0338 0.859 
23 -026 0.66 -0302 0.768 
24 .023 0.59 0271 0.687 
25 .020 0.53 0242 0.615 
26 .018 0.46 0216 0.55 
27 .0165 0.42 -1194 0.492 
28 015 0.38 0178 0.44 
29 014 0.36 -0155 0.393 
30 018 0.83 .0139 0.352 

















Had “‘ A. A.’’ practical experience in large wire mills he 
would not assert ‘‘ that as to the actual ga’ or instru- 
ment that is quite a secondary matter.’’ he sea 
the time lost by the wire drawers in setting and 
movable gauges, as the new French millimetre and micro- 
meter gauges, and the effect a little oil or on the 
screw or nuts has on the instrument their great 
liability to errors, he would rather declare ‘‘ No instru- 
ment, but that on the old B.W.G. can be ree 
Lain i prone ig as 3 W | be. is 

g i gauges on the G. rm 
sufficient to show ite real — 
ours truly, 
Tuomas Huaues, 
Greenfield, Holywell, June 4, 1880. 


fen,—t have vend tho las thee Lgve eomeseed ihe 
1R,—I have e ve 
in your paper on the above subject, and as ‘a English en- 

i residing abroad, venture to make a few remarks on 

broad principle which underlies the question. 

To illustrate my meaning, I will give you the following 
extract from an article in the Scientific American supple- 
mer But the English preparation al highl 

‘* But the ish preparations were always more 
seasoned than the average American cares te hee his ey 
so that while they were used they never became popular. 

‘* As usual, the enterprising American saw 
tunity, and to-day the goF i gaen meats are 
entirely crowded out of the le, and immense exporta- 
tions are constantly being made of the superior American 
canned meats, &c.”’ 

Now it may be asked what potted meats have to do with 
the wire gauge. 

In the plece I have taken this extract because it was 
the readiest to my hand, but I have seen many others, to 
the same purpose, on articles more nearly approaching 
wire. 

The question is whether English manufacturers shall 
oblige consumers to eat more “ highl 
than they “ care for,’’ or, in other make purchasers 
take wire drawn to the English BW.G.. or me * im. 
provement”’ of it, in order no ris a 
workmen with decimals, and not to affect a eee 
interests. 


is whether English manufacturers in 
general rigidly adhere to their own forms, methods 
and dimensions manufactures, or whether they shall 
mould them, while yet there is time, to the requirements 
of 1 E ggmegn If the od br! ee is there not a 
To , or rather y; ‘ enterprising 
pwns tary) be he Yankee, French, » or Belgian, 
will ‘‘ see his opportunity” with the result of 
ducts being ‘‘ crowded out of the trade,” and will 
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** established interests’ and the ‘‘ English workman’’ be 
then? 

Iam continually hearing complaints of the non-introduc- 
tion into land of the metrical system, obliging foreign 
consumers to purchase i and mannfactures to 

dimensions. At 
it every day e in our favour, 
more do we get ‘‘ crowded out of the trade’’ 
American’ who supplies “ potted 


taste of the consumer. 
I quite agree with “‘ A.A.’’ in believing that the introduc- 
the metrical system into England must take place 
: later , and a 4 vy seize every Op e 
so grad . @ one is presen’ ry 
the reform of the wire gauge. TT 


Madrid, June 3, 1880. 


PATENT LAW REFORM, 
To THe EpiTor oF ENGINEERING. 

S1r,—After about ten years’ private propaganda, I have 
su in forming a Patent Law Reform Association in 
Birmingham, the primary objects of which will be to 
prolong the protection to twenty years, and reduce the 
stamp fees, inclusive of filing of complete specification, to 
31. instead of 251. (the sum now charged). 

I shall be glad to receive information from any society 
now existing having for its aim and object—the reform of 
the Patent Laws. 


- 





I am, Sir, yours truly, 
ALFRED Wm. TURNER. 
134, Sand Pits, Parade, Birmingham, June 9, 1880. 








SCREW STEAMER * ANTHRACITE.” 
To rue Epiror oF ENGINEERING. 

S1z,— With reference to the article on this vessel in your 
last week’s issue you will without doubt like hearing that 
she passed the Manacles on the evening of the 2nd inst., 
en route to New York, having filled up with coal at 
Falmouth. 

I am, Sir, yours very truly, 


Gro. DEANE, 
Secretary. 
The Perkins Engine Company, Limited, London, 
June 4, 1880. 


[A telegram has since reached us stating that the Belgian 
vessel Giebert reports at Falmouth that she signalled the 
Anthracite on the 5th inst. in lat. 46 deg. 48 min. north, 
and long. 15 deg. 5 min. west. The Anthracite was then 
steaming fast.—Ep. E.] 





NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
Derbyshire and Chesterfield Institute of Engineers.— 
The annual meeting of the members of this Institution was 
held at Chesterfield, when there was a large attendance, 
including the mine inspectors of the district and the 
rincipal engiueers and employers of the district. Lord E. 
‘avendish, M.P., was appointed president, and as vicc- 
residents, Messrs. A. es, M.P., C. Binns, E. 
romley, A. Carrington, R. G. Coke, J. P. Jackson, F. 
Swanwick, and J. Stores Smith. The annual report, read 
by the secretary, Mr. Howard, showed that the Institute 

now comprises 14 free honorary members and others, makin 

a total of 289, as compared with 334 last year. The cas 
receipts were 5391. 2s., and cash ag ow 5141. ; bank 
balance 158/.; invested fund 4301. The decrease in the 
membership was attributed to the effect of the depression 
in the coal and iron trades, particularly upon the decreased 
incomes of the members depending on it. The members 
decided to have a two days’ trip to the lead mines of 
Derbyshire. In the eve a dinner was held at the 
Fe Chesterfield, when Mr. Stores Smith took 

chair. 


Waterloo and Woodlesford Coal Company, Limited.— 
The members of the above company have held a meeting 
to wind up its affairs. The loss on the year’s working of the 
mine has been 16481. The deficiency account shows 
109,5281. The paid up capital is 77,0001., and the loss is to 
be divided amongst the ten shareholders. 





AMERICAN Cars FoR JAPAN.— The Harlanand Hollings- 
worth Company of Wilmington, Delaware, just com- 
pleted eight | aoa «me first and Ly second-class 

r, two combined passenger @ cars— 
. ed nese Government, to be used on ** Poronai 
Railway of Hokkaido,” now in process of construction in 
Yesso or Tesso, one of the largest of the Japanese islands. 
The cars will be shipped, in sections, from New York. 


Tue Sypney INTERNATIONAL Exursition. — The 
following awards, amongst others, have been made at the 
Sydney International Exhibition. For thrashing machines 
the of merit were as follows: Messrs. 

, Sons, and Co., Gainsborough .1); Messrs. Ruston, 
Proctor, and Co. (2); Messrs. Robey and Co. (2); Messrs. 
Hornsby and Sons (3) ; Messrs. es, Sims, and Head 
(3); Messrs. Foster and Sons (3); Messrs. Buffalo, Pitt, 
and Co. (4). To Messrs. Marshall, , and Co. were also 
tes the highest awards for steam engines as follows: A 
2-borse horizontal fixed engine, special first award of 
merit ; an eight-horse horizontal non-condensing engine, 
first award merit; a three-horse vertical engine and 
boiler, special first award of merit. To Messrs. Crossley 

was awarded a special first-class prize for their 
exhibit of the Otto silent gas Te. Messrs. Samuel 
Worssam and Co., of the Oukley orks, Chelsea, have re- 
ceived a high award for their exhibits of wood-working 








A MECHANICAL INTEGRATOR,* 
On J. Amsler-Laffon’s Mechanical Integrator. 
By C. W. Mererrretp, F.R.8., Member of Council. 


Tue object of this instrument is to find the area, the 
statical — and the moment of inertia of any c 
curve, by simply tracing out the curve with a pointer, the 
machine doing all the rest, and the results being read off 
directly from it without any trouble of calculation. 

The principle of it will be best understood by considering 
it as performing one operation only, instead of three together. 

Let us then consider a pointer rigidly attached to a hori- 
zontal circle C. This circle is free to turn upon its centre, and 
its centre is freeto move either way along a fixed straight 
line cr axis. To this circle is g another horizontal circle, 
which moves along with it, so that the line of centre is always 
at the same angle to the axis. On a radius of this second 








circle, as an axle, is mounted a little rolling wheel, which is 
connected with a counter. This wheel turns when the 
second circle rotates, and records the space it turns through ; 
but the motion in the direction of the axle simply gives rise 
to slipping, which is unrecorded. We thus obtain an integral 
of one component only of the motion. In what absolute 





terms of sin. 9, for the value of n actually used in the par- 
ticular This is nothing more than the ratio of the 
diameters of the two circles, and is thé same as the velocity 
ratio. InAmsler’s machine there are two such secondary 
circles, with the values n=2, n=3. 

When n=2, taking ~=0 gives cos. 2 @=1-—2 (sin. @)?= 


1-2¥. 
ke 
The difference between two readings of the rolling wheel 
counter, therefore, gives us a quantity always proportionate to 
rs y? dz 
since the term f dz disappears for the closed contour 
This gives the statical moment. 


When, n=3, taking a=—= gives cos. (3 @-= )= 
2 
sin. 3 =3 sin. 9—4 (sin. 9)? 
=3¥_4y° 
k ks 


_The reading of the rolling wheel, therefore, gives the 
difference between the aones of inertia and a fixed multiple 
of the area. When the area is known, the moment of inertia 
is known by mere subtraction. This subtraction is not per- 
formed by the machine, but is left to the calculator. 

The area might be obtained in a similar way by making 


n=1, and a= —> which gives 


cos. (6-5)- sin. g=4. 


But it is much simpler to fix the rolling wheel, which records 
this, directly on the bar carrying the pointer, instead of using 
a second equal circle, which would only give the same record 
in an opposite direction. Observe, that altering the sign 
merely means reversing the way in which the counter is 


direction the resolution, of which one component only is thus | figured 


integrated, shall take place, is settled by the extent of rota- 
tion of the second wheel, which is proportional to the extent 
to which the first wheel has been made to rotate by the 
pointer attached to it. 





ured. 

It is also to be noted that when d=0, P=a, since, as we 
have seen, & is to be taken as — } 7 for the area and moment 
of inertia, we see that the initial position of the rolling wheels, 
when the pointer is on the axis, must be such that their axles 

















Let us suppose the initial position of the pointer to be in 
the fixed line along which es contes of the first circle moves. 
Then, as it traces out any given curve, there will be two 
motions to consider: first, the angular motion about the 
centre, and, secondly, the linear displacement of the centre, 
Let the motion be @, so that ifn :1 be the ratio of 
the radii of the first and second circlesto one another, the 
qoril bon rotation of the second circle (which we may call 
%) w 


P=n dta 
a being an arbi constant dependent on the initial position 
of the second wheel, When the pointer goes all round any 
closed curve, which does not contain the centre of the first 
circle, this measurement comes to nothing, for the angular 
movement is exactly the same backwards as forwards. The 
term of the integral, due to the rotation about the centre, thus 
disappears al when we measure a closed contour, and 
may therefore be left out of account. 
he angle ?, however, settles the direction of resolution of 
which the component is measured by the instrument, when 
there is linear motion of the centre. The rolling wheel 
evidently records a constant multiple of 
—dz cos. 2 
where da represents the movement of the machine parallel 
to the axis, for any fixed value of @or%. The complete 
record taken by the rolling wheel is thus 
—/ dx cos. 2 
or 
« / dz cos. (n 6+) 
taken over the whole area of the curve. This has to be multi- 
plied by a numerical factor depending on the size of the in- 
strument and the proportion of its parts. 

We have next to transform this to rectangular co-ordinates. 
Taking 2 as the co-ordinate along the axis, the ordinate y is 
always proportionate to sin. 9, and all that we have to do is 
to choose @, so asto enable us to express cos. (n 6+) in 


* Paper read before the Institution of Naval Architects. 











shall be 
since ~=0 for the statical moment, the plane of the rolling 


allel to the bar carrying the pointer. Aguin, 


wheel, for it, must be 
right angles to it. 

n Amsler’s instrument, the primary circle which we have 
mentioned is replaced by two ares of circle, described about 
the same centre with rad‘i proportional to 2 and 3. There 
are two secondary circles, each with radius unity, one gearing 
with each of the two arcs, and so placed that the three centres 
are in a right line perpendicular to the axis. The whole 
machine is then confined to rectilinear motion by a frame 
runving along a steel ruler parallel to the axis, a pair of 
wheels running in a Y-shaped groove in the ruler being used 
instead of a mere sliding motion, which would give unnecee- 

and troublesome friction. 

shall] not attempt to describe the various adjustments of 
the machine designed to secure easy and exact working and 
to avoid lost time in the spur gear. It is sufficient to state 
that the arrangements are exceedingly well devised, and that 
the machine works smoothly and easily. The only difficult 
that I have found with it is, that in certain lights it is difficult 
to see to take the readings; but I have no doubt that young 
—s good eyesight, would get over this difficulty after 
a lit ice. 

The adjustments require to be very good. In addition to 
the setting of the frictional recording wheels, which is the 
only one needed in the planimeter, the radii of the circles 
must be accurately ag meres and the initial positions of 
the secondary whee accurately observed, otherwise the re- 
cord will be vitiated. These adjustments are of course made 
by the instrument maker, but they need occasional verifica- 
tion by the owner. 


parallel to the axis, and the axle at 





APPENDIX. 
1. The essential parts of the integrator are aruler L L, in a 
groove formed on which runs the wheels P and Q of a frame 
or carriage provided with rollers D,, D,, and D, moving on 





the surface of drawing. The contour of the figure to be dealt 
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with is traced by the point F, this point being attached to an 
arm moving on the centre C, while the whole carriage shifts to 
and fro . the ruler L. Under bem? oitine eve ‘liline: 
D,, Dz, D, execute movements y rolli y sliding ; 
their positions are read off by means of the graduations on 
their circumferences. 

To mae the statical moment or yr of Met “5 
figure, the integrator is arranged as shown in Fig. 
prsition of the ruler LL in relation to the axis X X, in 
respect to which the moment is to be i i 
as follows: Two rulers A A are placed so that the crosspieces 
B B with which they are provided, rest in the groove of the 
ruler L L, while the points a a rest on the line X X. In this 
way the parallelism of the ruler LL with the line X X is 
secured. Next some point on the contour of the figure to be 
dealt with is marked, and the pointer F being placed accu- 
rately on this mark, readings are taken from the three rollers 
D,, D,, Ds. Let these ding denoted by w,, Uy, Uy 
respectively. The point F is then moved round the contour 
of the figure in the direction of the movement of the hands 
of a watch, and on the starting-point being 
second set of readings is taken from the rollers D,, D,, Ds. 
ee second readings be denoted by 1, v4, Vs respec- 
tively. 

Then for the area of the figure: 

v-u=f fd yda=/(y\—Yo) dz. 
For the statical moment in relation to the axis X X: 
0.6 (vg—us)=f'fy dy da=st [(y?- yo") da. 

For the moment of inertia with regard to the same axis: 
(v,—-m) —9.4(v, -us=f fy dyd a= /(y,'—yo°) dz. 

2. The integrator shown by Fig. 2 consists of three dis- 
tinct parts, which can be adapted differently the one to the 
other, according as it is desired to measure the area of a figure 
or to determine its statical moment or moment of inertia. 
In this instrument the ruler L L is set parallel to the line 
X Xin the manner adopted in the case of the instrument 
shown by Fig. 1. 

To measure the area of a figure, the arm R, is connected 
to the carriage by the pinching screw M, in a position deter- 
mined by a pin, while the pin S, carried by the other arm 
R, is held by the catch K onthe wheel S,. The figure is 
then traced round by the point F,, readings being taken 
from the roller D at the commencement and end of the 
tracing. Calling these readings as before wu, and v,, then 
v,—U, =the areas of the figure, 

To find the statical moment of the figure with regard to 
the axis X X, it is necessary to attach the arm R, to the 





carriage by means of the screw M,, and to place in the catch 
the pin 8, carried by thearm R,. This is the position of 
the parts shown in Fig. 2. The fi being round by 


the pointer F,, and readings u, and v, being taken as before, 
~ moment required is given by the formula: 0.5 
Vo — Us) 

To determine the moment of inertia with regard to the 
axis XX, the arm R, is fixed to the carriage, and the pin 
8, left in the catch. Then if the figure be traced by the 

int F,, and the two readings from the roller D be denoted 

y uw, and vs, the moment of inertia will be given by the 
formula: (v,;—u,)—4 (vg—Us)- 

The instrument shown by Lig. 1 possesses, it will be seen, 
the advantages of giving at one operation the data which 
the instrument, shown by Fig. 2, only affords after three 
tracings of the figure. 

3. In the integrator shown by Fig. 3, the adjustment of 
the ruler L L to the axis X X is effected in the same way as 
in the other instruments, and the mode of using it is also the 
same. When the arm R, is attached to the carriage, and 
the figure traced by the point F,, the area of the figure is 
given by the difference in the readings u, and v,. When, on 
the other hand, thearm R, is fixed to the carriage, and the 
pointer F, used for tracing the figure, the statical moment of 
the latter in regard to the axis X X is given by the formula: 
0.5 (vu, — tq). e moment of inertia cannot be determined 
by this form of the instrument. 


ON STEEL FOR SHIPBUILDING,* 
By Henny H. West, Member. 

In a paper read before this Institution in 1875, Mr. 
Barnaby, Chief Naval Architect of the Royal Navy, used 
these words : 

“ The question we have to put to the steel makers is: What 
are our pi ts of obtaining a material which we can use 
without such delicate manipulation and so much fear and 
trembling? ..... We want a perfectly coherent and de- 
finitely carburised bloom or ingot, of which the rolls have 
only to alter the form in order to make plates, with qualities 
as regular and precise as those of copper and gun-metal, and 
we look to the manufacturers for it.’ 

It is no part of my present purpose to inquire whether all 
the “delicate manipulation” was necessary, which Mr. 
Barnaby described in the paper from which I have quoted. 
It is enough that five or six years ago steel was used with 
“fear and trembling.” It is largely due to the influential 
a of the Admiralty, and to the firmness with which 
Mr. Barnaby and his staff have insisted on uniformity of 
quality, that we now have steel which may be used with as 
much confidence as iron, and which demands no exceptional 
precautions. 

The test standards of the Admiralty and thea classification 
societies are too well known to need detailed recapitulation 
here. They will be found in extenso in the appendix to this 
paper. They all consist of tensional tests, supplemented by 
cold bending tests after heating the samples to a red heat and 
suddenly cooling them in water. The Admiralty and Lloyd's 
superadd to these the requirement of a definite percentage of 
elongation before fracture under tensional strain. In the 
tests made by the Liv l Underwriters’ i this 
elongation is always but no definite percentage of ex- 

* Paper read before the Institution of Naval Architects. 











being fixed | tons 


again reached a | | 


tension is demanded, reliance being placed on the temper 
bending tests to show whether the material is of suitable 


ductility. 

The principal difference between the standards of the Ad- 
miralty, Lloyd’s, and the Liverpool Underwriters’ Registry is 
in the limits of ultimate tensional resistance, the i ty 
requiring that the ing strain shall lie between 26 an 
Sue pre oe *s between 27 and 31 tons, and 
the Liverpool Underwriters’ Registry between 28 and 32 


A material Tih teen See te es ee, and which 
will double up cold without ure, has very great charms 
for the practical shipbuilder. The ductility of such material 
makes it well suited for the processes of the ship- 
yard, where neither drilled rivet-holes nor careful annealing 
can as yet be economically practised. Further, since colli- 
sions and strandings are constantly occurring, the use, in the 
hulls of vessels, of a material the very excellent 


uality of bending without breaking may easily be the means 
af sooventiid eodtlonte of this character from ending in total 
oss. 


Such omnis re were Bk ee makers in 
response to Mr. Barnaby’s ve 
given us steel plates and bars with qualities = os eapuarenl 
precise as those of copper and gun-metal.” : 

Having gained this vantage ground, we may fairly look 
sant to 00 whe ot Se Sar => 

The object which ordinary m t shipowners have in 
view in adopting steel as a material of construction, is to 
secure with the same h a lighter vessel than can be 
built of iron, and only by this inducement can the 
cost of the material be met. An im) it increase of tena- 
city as compared with iron is therefore a commercial 
necessity. : 

rd far as the pent of softness and a i iy pony toed 
to the safety of life an at sea, and so long as 
are tice to Gaaselaa “ fear and trembling” with 
which steel so long been ed, I would be the last to 
depreciatethem. But, while it is admitted that these qualities 
have made steel a material which with the sim appli 
and ordinary care may be used in any ship it can hardly 
be claimed for the lower tensional limit of the Admiralty 
standard, that it provides a material for which im t re- 
ductions in scantling can be allowed. The tenacity of good 
iron approximates too closely to that of such very mild steel 
to warrant any marked difference between them in the 
scantlings adopted. ; 

This would appear to have been felt by the authorities of 
Lloyd’s, when in 1877 they issued their standard tests for 
steel with a higher limit of tenacity than the Admiralty scale 
by one ton per square inch. 3 4 

The Committee of the Liverpool Underwriters’ Registry also 
felt the necessity of securing poe strength in the i 
if any important reduction of scantling was to be allowed, 
and they adopted as their minimum of tenacity 
28 tons per square inch. 

This limit was fixed in t measure out of deference to 
the Admiralty regulations. Shipbuilding steel is as yet only 
made at a few establishments, and since Admiralty orders 
were almost sure to be executed concurrently with orders for 
the mercantile marine, it was manifestly convenient in 


E 


_ Though the amount of elongation under tension is noted, 
it is not considered a matter of very vital importance, because 
the bending test is itself an elongation test of a very com- 
plete kind. If, before bending, a series of equidistant points 
marked upon what will be the convex side of ee | 


ts a temper-bending 


seri from an actual sample 





after bending ; Fig. 4 shows the sample enlar 


, With the 
ual divisions marked upon it, and an i 
i surface 


In addition to the tensile and temper- ing tests the 
surveyor, at his discretion, eo an, tees, tee-bulbs 
to opening and closing, and “ram's horn” teste with a 
view of excluding any material having a tendency to reedi- 


ness. 
I have hitherto referred principally to a minimum tensional 
limit; but general experience has indicated that the stronger 















































Fig. 7. 
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aiming at a higher standard of s , tocontrive the limits | the steel the more it is liable to chill and harden, and the 


ters’ 
within ast 
with both a and the Live: 
the Admiralty and Lloyd's: (See Fig. 1) 
the iralt "8. o 1. 

-_ it not been for this —_ ~ — 
Underwriters’ istry was at once to accept ns as 
the lowest limit oF tensile stren th. 

In the years 1863 and 1864 several vessels were built of 
steel at Liverpool and elsewhere, under the survey of the 
Liverpool U iters’ Registry, and although these vessels 
were not all built for classification, the material and work- 
manship were submitted to careful examination. It is 
admitted that the ing then was neither as extensive 
nor as systematic as it is now, but the result of experience at 
that time was that a kindly working and fairly uniform ma- 
terial could be obtained with tension limits of 80 to 36 tons 
per square inch. d : 

The present testing practice of the Liverpool Underwriters’ 

Stoner gaed if dita 8 in each fift 

m every parcel o or bars, one in by or 
fraction of fi y ia selected by the testing surveyor as & repre- 
sentative sample. From this plate or bar pieces are cut in 
the ordinary way for tension and for ame ey tests ; 

Pp in- 


are taken hways or crossways 
i tly, and cnnionsiy in both directions are 





3 they 
from the crop and ends of the plates when these are 
large enough to it, so that if the tests are successful the 


less is it capable of extreme changes of form without fracture, 
so that a maximum limit of tenacity has been as an 
indirect check on the manufacture and use of or brittle 


I submit, however, that this | is already amply 
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carefully examined in comparison with definite standards 
before they can be issued, but the more we can simplify the 
examining process the less will be the cost of production. 

We have already seen that only two principal tests are 
n upon each representative sample, one a test of 
tenacity, the other a test of ductility; we have also found 
that the tenacity test need only have a minimum limit, pro- 
viding it is always accompanied by a sufficient test of ductility. 
The test then being directed to one or two specific points, and 
to these only, itis easy to sce that a system of testing might 
readily be contrived which, while simple to the last degree, 
should uncompromisingly require conformity to the standards, 
and be sufficiently extensive to secure complete representa- 
tion of the whole parcel under examination. 

I do not now discuss whether our bending tests should be 
modified in any degree, though I am _ aware something may 
be said in favour of such a course. For the present, I incline 
to adhere to the familiar Admiralty bending test which has 
done us such good service. 

If I have been fortunate enough to carry you with me as 
far as I have gone, you will be prepared to accept a minimum 

tandard t ity without any maximum limit. What 
shall this standard be? At present the Admiralty, Lloyd’s, 
and the Liverpool Underwriters’ Registry have fixed as their 
minima 26, 27, and 28 tons per square inch respectively. 
But if we are to secure a quality of material which will allow 
important reduction of scantlings, and yet retain the stiffness 
aod the strength which we look forin our ships and steamers, 
we must have a higher tensional resistance than any of the 
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minima which I have quoted. Looking over the tension 
scales of the Admiralty, Lloyd's, and the Liverpool Under- 
writers’ Registry, Fig. 1, it will at once be seen that 30 tons 
per square inch comes within the scope of every scale, and 
thus carries with it the stamp of approval of authorities whose 
very nature is caution. That this, and even greater strength, 
can be produced without any dangerous sacrifice of ductility 
has been abundantly demonstrated in the daily tests with 
which we are al! more or less familiar ; and it is with respectful 
deference, but with perfect confidence, that I recommend this 
standard to you for general adoption in shipbuilding material. 


APppsNDIXx. 


Admiralty Tests for Plate, Angle, Bulb, and Bar Steel. 
Strips cut lengthwise or crosswise, to have an ultimate 
strength of not less than 26 aud not exceeding 30 tons per 
square inch of section, with an elongation of 20 per cent. in a 


length of 8 in. 

The beam, angle, bulb, and bar steel to stand such forge 
tests, both hot and cold, as may be sufficient in the opinion of 
the receiving officer to prove soundness of material and 
fitness for service. 

Strips cut crosswise and lengthwise 1} in. wide, heated 
uniformly to a low cherry red and cooled in water of 82 deg. 
Fahr., must stand bending in a press toa curve of which 
the inner radius is one and a half times the thickness of the 
steel tested. The strips are all to be cut in a planing machine, 
and to have the sharp edges taken off. The ductility of 
every plate, beam, angle, &c., is to bu ascertained by the ap- 
plication of one or both of these tests to the shearings, or 
by bending them cold by the hammer. 

All steel to be free from lamination and injurious surface 
defects. 

One plate, beam, angle, &c, to be taken for testing from 
every invoice, provided the number of plates, Leams, angles, 
&c., does not exceed fifty, Steel may be received or rejected 
without trial of thickness on theinvoice. The pieces of 
plate, beam, angle, jy cut out for testing are to be of a 

Hel width from end to end, and for at least 8 in. of 
ength. 
Lloyd's Test for Steel used in Shipbuilding. 

Strips cut lengthwise or crosswise of the plate, and also 
angle and bulb steel, to have an ultimate tensile strength of 
not less than 27 and not exceeding 31 tons per square inch of 
section, with an elongation corresponding to 20 per cent. on 
a length of 8 in. before fracture. 

Strips cut from the plate, angle, or bulb stcel, to be heated 


to alow cherry red and cooled in water of 82 deg, Fabr., must 
stand bending double round a curve of which the diameter is 
not more than three times the thicknees of the plate tested. 


Underwriters’ Registry Tests for Steel used in 
Shipbuilding. 

The material is to be tested in the presence of the surveyor, 
as in his judgment may appear desirable, both as to tensional 
resistance and as to cold bending. 

Angle, tee, and bulb bars to .be submitted to closing, and 
opening, and “ram’s horn” tests, as the surveyor may direct. 

The ultimate tensional resistance of plates and bars to be 
not less than 28 tons nor more than 32 tons per square inch. 
The cold bending test to be as follows: The sample to be 
tested to be heated to a full red, and quenched in water, and 
afterwards bent double cold without fracture, with a curvature 
of which the inner radius does not exceed one and a half 
times the thickness of the plate tested. 

The tests to be applied as frequently as the surveyor may 
deem necessary, but must not be less than one in every 
parcel, or in each fifty plates or bars, or fraction of fifty. 

If necessary, arrangements may be made for testing the 
material at the steel makers’ works, in the presence of the 
surveyor. 


STEEL AND IRON FROM PHOSPHORIC 
PIG 








On the Manufacture of Bessemer Steel and Ingot Iron 
from Phosphoric Pig.* 
By ©. B. HoLnanp and A. Cooper, Sheffield. 

BErore entering upon the subject of our paper, it might 
not be out of place to i fora t what is steel, 
and what is ingotiron. Steel has been defined as ‘‘ an 
alloy of iron and carbon which is capable of being cast 
whilst in a fluid state into a malleable ingot,’’ and all other 
elements usually found in the steel of commerce, such as 
silicon, sulphur, and phosphorus, may be regarded as im- 
purities, and are more or less hurtful. In like manner, 
ingot iron may be defined as an iron which is capable of 
being cast whilst in a fluid state into a malleable ingot, and 
other elements found in it (including carbon) may in this 
case also be regarded as impurities. It follows, then, that 
those steels and ingot irons are the best and purest which 
‘contain the noxious elements in the least quantities, no 
|matter whether they be produced from the finest brands of 
| Swedish and hematite, or from common iron containing 
jfrom 14 to 2 per cent. of phosphorus. And we think all 
will agree, if it can be shown that steel and ingot iron can 
be produced from the latter kind of pig of the same 
|chemical composition, and capable of standing the same 
| mechanical tests as that produced from the purer irons, 
that one is as good as the other for all purposes. It is not 
| our intention to occupy the time of the Institute by refer- 
ring to any of the numerous papers that have been written 
}and the theories that have been propounded, during the 
| last eighteen months, on the dephosphorisation of iron by 
the Themes and Gilchrist process, interesting and instruc- 
tive as many of them are. It will be sufficient to say that, 
notwithstanding the great strides that had been made in 
| the development of the process at the works of Messrs. 
| Bolckow, Vaughan, and Co, under the abie direction of 
| Mr. Richards (who must always be regarded as one of its 
earliest pioneers), and the very satisfactory results obtained 
by that company in the manufacture of steel from Cleve- 
land pig iron up to the early part of November last, before 
we had seen the process in operation, there appeared to us 
certain difficulties which we feared would greatly retard its 
successful working from a commercial point of view. The 
first of chese may be regarded as a technical one, and had 
reference to that part of the operation now well known as 
the “‘ after-blow.”’ Assuming, as we did, all the metalloids, 

with the exception of phosphorus and sulphur, 
oxidised before the commencement of this period, it seemed 
doubtful to us whether it would be practicable (having no 
definite point at which we could safely stop blowing corre- 
sponding to the drop of the carbon flame in the ordinary 
| process) to burn out the whole of the phosphorus regularly, 
| without sometimes carrying the operation too far, and 
| thereby oxygenating the charge. And this, as all steel- 
makers will agree, is very apt to give trouble. Again, we 
had our misgivings about the gathering at the nose, con- 
}eerning which we had heard so much, and the delays 
jwhich we thought must necessarily result from the 
indispensable and repeated turning down of the converter 
for sampling. It was at this time (early in November last 
year) that we were invited to see the process, at the Hirde 
Works in Westphalia, and, through the courtesy of Mr. Pink, 
| the manager of the steel works, our respresentative was not 
only shown the ogee in operation, but every informa- 
tion respecting the difficulties that had been experienced 
up to that time, and the means which had been employed 
to overcome them, was very kindly given to him by 
that gentleman. From the working at Hirde, it was 
apparent that the phosphorus was eliminated with regu- 
larity —there were no violent reactions on the addition of 
the spiegel, showing that the metal was not oxyge- 
nated to any great extent, and the steel made was of a 
mild quality, and very malleable. On November 20th, we 
commenced to work the process in Sheffield, using a 
mixture of white Lincolnsbire and No. 4 peak irons. By 
sampling during the after-blow, we were enabled not only 
to remove the phosphorus in a very satisfactory manner, 
but also to make good and malleable steel; but the 
gathering of the slag and metal at the nose of the converter 
at first proved such an obstacle to rapid working, that 
although we employed men with long bars to fettle after 
each operation, at the end of from 12 to 18 blows. we 
were compelled to stop, allow the converter to cool down, 
and cut out the accumulation. At this early stage we 
were of opinion that by increasing the area of the nose, we 
should get a decreased pressure of gases, and consequently 


* Paper read before the Iron and Steel Institute. 




















the slag and metal would not be carried up so high, and that 
this would remedy the evil. Our ep proved to us 
conclusively the fallacy of this, for after altering the shape 
of our converter so that the area at the mouth was doubled, 
and lining up with basic bricks as before, although we 
worked under precisely the same conditions, this converter 
was completely slagged up at the nose, and was unfit for 
further work after ten blows, simultaneously with the 
other converter and with the mouth of usual size, lined 
with basic bricks. We tried admitting blast at the throat, 
with the view of burning the carbonic oxide, and so in- 
creasing the temperature at this point, but the results 
were not sufficiently encouraging to justify our following 
up the experiment. In the succeeding week we lined our 
converter nose with bricks made of silicate of soda and 
limestone, the other with ordinary fireclay bricks, contract- 
ing both at this point to a diameter of about 20 in., or to 
about one half the original area. In both cases we per- 
ceived at once a great improvement through the reduced 
size, the converters retaining their heat very much better 
than before. The slag still adhered to the first-mentioned 
slightly. It was easily removed by bars, but, unfortunately, 
usually carried a portion of the very brittle silicate of soda 
and limestone brick with it, and this form was abandoned 
on that account. The other converter with the fireclay 
bricks gave better results; and we have since used them 
regularly. What little slag adhered could be removed 
without any material injury to the lining. Although the 
common fireclay bricks then used wasted considerably, 
numerous experiments proved that the amount of silica 
carried down into the bath from them was too small todo 
any harm, and as the lining at this part was about 15 in. 
in thickness, we were able to get regularly from 30 to 40 
blows before it got too thin. Thus, as far as the immediate 
nose was concerned the difficulty seemed at an end, but we 
soon found that a great accumulation took place just below 
the junction of the fireclay bricks with those of the basic 
material, and also along the sides of the converter, in the 
form of a ridge of slag and metal left little by httle on 
each turning down for the purpose of sampling. It seemed 
to us that to remedy this evil the simplest plan was to 
avoid testing as much as possible, if not altogether. All 
our results had shown that notwithstanding the after-blow, 
the fally blown metal was not nearly so much oxygenated 
as at the end of the ordinary blow in the hematite process. 
Numerous analyses gave as the impression that this was 
due to the presence of manganese in the mixture we were 
then using, containing as it did about .75 per cent. of this 
metal, and we foand invariably that when we started with 
this quantity there always remained from .1 to .2 at the 
expiration of the after-blow. 

The following analyses show how much more readily 
(during this part of the operation) the phosphorus is 
attacked than the manganese. 





At the Drop|At the End of 


of the Carbon! the After- 





Flame. blow. 

Per cent. Per cent. 
Blow 108 Phosphorus... .883 -062 
»» 95 Manganese... ene 443 | ll 
Blow 136 Phosphorus... eee 1.090 044 
» 9» Manganese... ose .183 .147 
Blow 166 Phosphorns... .890 -081 
»» 9») Manganese ... -435 194 





These, amongst other results of a similar kind, led us for 
a time to think that it might be possible to eliminate the 
whole of the phosphorus by increasing the amount of man- 
ganese in the’ charge, and blowing with the spectroscope 
until the absorption bands—which one of our greatest 
authorities, Mr. Watts (see ‘‘ Roscoe’s Chemistry,’’ vol. ii., 
part ii., page 77), on the use of this instrument has attributed 
to the oxides of this metal—had disappeared, for although 
our previous experience with mixtures containing .75 man- 
ganese had shown us that the bands alway disappeared from 
the spectrum at the drop of the carbon flame, at which 
from .2 to .4 still remained, we thought it likely (assuming 
the above theory to be correct) tnat with a larger quantity 
we should be able to get rid of the phosphorus before these 
bands vanished. Accordingly, by means of ferro-manganese 
we increased the proportion of manganese in charge, 
No. 165, to about 1.75 per cent. At the drop of the carbon 
~~ aoe the bands disappeared, we found the composi- 

ion : 


Per cent 
Sulphur 118 
Phosphorus 955 
Manganese mt 817 


The sample taken at this period hammered well, but, on 
testing in the usual way, proved very brittle indeed, and 
the fracture did not show the characteristic appearance in- 
dicating the presence of phosphorus, but resembled that of 
a very hard steel. On turning up the converter again for 
a further blow of thirty seconds certain bands reappeared 
in the green portion of the spectrum for three or four 
seconds only ; the composition at the end of this period was 
found to be : 


Per cent. 
Sulphur eco ove 155 
Phosphorus ove 831 
Manganese .... . 612 


The sample taken and treated in the same way as before 
was still exceedingly brittle, and resembled the former one. 
Again the converter was turned 1p, and for the space of one 
or two seconds only these bands again flashed across the 
spectrum, after which they were not observed during the 
remainder of the after-blow, although most carefully 
looked for. At the end of this iod the test made was 
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still hard, though much milder than before, and had the 
following composition : 
Per cent. 

Sulphur 132 

Phosphorus ... a me 

Manganese eal ike eee “se P 

The charge was then blown for a further 60 seconds, and 

as the sample, which was very malleable, did not harden, 
thinking that the fine crystalline appearance of the fracture, 
on breaking, was due to manganese, the heat was cast 
without the addition of spiegel or ferro-manganese. 
It showed no disposition to rise in the open top ingot moulds 
in which it was cast, and a tyre 2 ft. 8 in. inside diameter, 
made from one of the ingots, all of which hammered very 
well indeed, deflected 8 in. before breaking. Analysis of 
this steel or ingot iron, which showed that we had not 
carried the process quite far enough, gave the following 
composition : 


> 


Per cent. 
Sulphur 114 
Phosphorus -146 
Manganese 440 


From these results we drew the following conclusions : 
that the absorption bands usually seen in the spectrum of 
the Bessemer flame, are due to carbon, and that manganese 
bands (very similar in appearance to those of carbon) are 
apparent only when that metal exists in quantities of about 
5 per cent.; and further, that we could not hope, through 
the agency of this metal, to determine upon any fixed point 
indicated by the spectroscope at which we could safely stop 


blowing, satisfied that the whole of the phosphorus was re- | has 


moved. But we had before noticed that with regular 
charges and conditions the after-blow was of very constant 
duration, and the results of the blow showed us not only that 
with 1.75 per cent. of manganese in the charge, in order to 
be quite sure of a the whole of the phosphorus, we 
might safely blow rather longer (without risk of oxygenat- 
ing) than the time actually required to effect this purpose, 
and thus avoid sampling; and afterwards, for rails, add a 
low spiegel or plate-iron to carbonise ; but also that, if an 
ingot iron were required, it could be readily produced by 
the means described, without any such addition. Want of 
an iron containing anything like the amount of manganese 
prevented us from following up these results for some 
time, but meanwhile, with mixtures such as we had, con- 
taining .75 per cent., we tried the effect of blowing after the 
addition of the spiegel, until the carbon bands, as seen 
through the spectroscope, had nearly vanished. The 
chemical analyses and results of a rolled bar from each of 
three such blows, tested, gave the following results : 
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hematite pig iron were added in lieu of spiegel. The re- 
sulting steel gave no trouble in casting, and an ingot ham- 
mered to test its malleability, worked very well. Analysis 
of the steel produced gave the following results : 

C.C. Si. 8. P. Mn. 


Per cent. 
55 Not estimated -107 151 612 

It will be notiged that the phosphorus and manganese are 
higher—the former than it ought to be, the latter than one 
would have expected to find, after the addition of a non- 
manganiferous pig ; but as the charge of white hematite 
was melted in a cupola which had only just before contained 
a 20 per cent. spiegel charge, we think it likely that a small 
quantity of this must have remained behind and come out 
with the white iron. With respect to the phosphorus, the 
mixture was one with which we had had little experience. 
It was also the last charge from the cupola, and, unfortu- 
nately, nearly a ton heavier than it should have been, 
which circumstance was not observed until it was poured 
into the ladle. And, although it was blown for 130 seconds 
after the disap ce of the carbon bands, exactly the 
same as blow 48, there is no doubt that it was under- 
blown, as the metal, before the addition of the white iron, 
contained as follows : 

8. P. Mn. 
125 147 -360 per cent. 


For some time past, except in the case of the first two 
or three blows from a new mixture, when samples have 
been taken to determine the length of the after-blow, we 
have blown to time, and all testing during the operation 
been dispensed with. It is true that our early results 
were not all satisfactory, but latterly, since we have used 
a mixture containing about C.C. 4.0 per cent., Si. .5 per 
cent., S. .2 per cent., P, 1.4 per cent., Mn. 1.0 per cent. in 
the converter, we have succeeded very well, as the results 
below will show. During the week ending April 10th, 
twelve test pieces, taken at random from the week’s work, 
contained of phosphorus as follows: 


No. Percent. No. Per cent. No. Per cent. 
1 .103 5 .065 9 111 
2 -067 6 -070 10 054 
3 .040 7 .073 il 074 
4 051 8 .052 12 .048 


And in the week ending April 17th, when not a single 
sample was taken during the ue, except in the case 
of the experimental blow 748, the average amount . of 
phosphorus contained in 36 blows, all of which were 
analysed, was .056 per cent., the highest being .101 per 
cent., and the lowest .019 per cent. The composition of 
this quality of steel has been in other respects very regular, 
the analyses and results of a test-piece, 2 in. long and 
.533 in. in diameter, being as follows : 
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Three more blows made, amongst others, in the same 
se -e some weeks afterwards, gave the following 
results : 
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The metal in all cases gave no trouble in casting into ingots 
(some indeed were cast in open top moulds from the top), 
and it was very malleable. Specimens of bars from blows 314, 
329, 330, and 703, plunged into cold water at a red heat—some 
of which were afterwards bent and some twisted, cold— 
are exhibited. Having at length obtained some iron con- 
taining about 2 per cent. of manganese, a charge .of this 
was blown alone, and at the end of the after-blow of 130 
seconds’ duration, as the test taken was very malleable, 
and would not harden, the charge was cast into ingots 
without any addition whatever. ‘The chemical composition 
of = charge, and the results of the mechanical tests are 
as follows : 
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The heat as hefore gave ho trouble ia casting, and the 
steel was very malleable when worked at a high heat. 
Samples of the pieces submitted to tensile strain, together 
with bars plunged into cold water at a red heat, and after- 
wards twisted and bent cold, as well as ordinary cold bends, 
are exhibited. 

A second e was treated in exactly the same way, 
except that at the end of the after-blow 15 ewt. of white 





Since the sampling during the operation has been dis- 
pensed with, there has 
with the slag adhering to the sides of the converter, and 
the wear of the lining has been practically uniform. As 
many as 87 blows, representing about 630 tons of steel, 
have been produced from one lining without any repairs 
whatever, except, after the 50th blow, new fireclay bricks 
to the nose; 37 more blows, equal to about 270 tons of 
steel, were converted in the same lining after renewing the 
front or blowing side, and putting in a third fireclay nose. 
At the end of our last week’s work (April 17th), during 
which bricks made of the best pot clay were used for this 
pu » ins of being scoured away as had been in- 
variably the case with the commoner ones, they were little 
the worse for wear, and would, we feel sure, have run for 
a second week. The vessel bottoms (all made with a mix- 
ture of tar and lime rammed round pins) during this same 
week, averaged 8 blows each, the maximum being 12, and 
the minimum 4; but this bottom was taken out on com- 
pletion of the week’s work, and was very little worn. With 
respect to output, during the eight weeks ending April 17th 
(omitting Easter week, which was a broken one), $380 tons 
of steel were made, or an average of 422 tons per week, the 
largest week being that ending March 27th, when.541 tons 
7 «wt. were produced. In conclusion, we think it will be 
apparent to all that there are no difficulties in the working 
of the process. We are satisfied that as good steel can be 
produced by it from phosphoric pig, and quite as regularly 
as that obtained from hematite in the ordi ganister- 
lined converter. We have shown that it is an easy matter 
to produce a malleable ingot iron, containing practically no 
carbon and very little manganese by this method, which to 
- the least is rather difficult from hematite pig by the 
old process ; and although our only experiment (results of 
which we have laid before you) to produce a harder quality 
of steel from phosphoric pig high in manganese, without 
the addition of any manganiferous pig, at the end of the 
operation did not turn ont as satisfactory as we could have 
wished, there appears to us little doubt but that this too 
will be accomplished, as well as the production of soft 
steels suitable for boilers and ships’ plates, &c., in a 
similar manner. It is true that our production from one 
pair of converters has never yet exceeded 541 tons 7 cwt, 
in one week, but it must not be forgotten that the process 
is still a new one, and that the plant at our dispogal is not 
of modern construction, nor well adapted to its require- 
ments. These requirements are, our opinion (on 
account of the wear of the lining), either additional fixed 


coavestans, nS ae et a eae been 
or the 


as well as suitable arrangemen’ speedy removal of 


been comparatively little trouble |. 


the large quantity of slag. Under these conditions, in a 
well-arranged'shop, we feel sure that not only as great an 
output can be obtained by the process as is now pro- 
duced in the best English practice in the conversion of 
hematite, but also that it may be made to — aaything 
that has ever been accomplished by our friends on the other 
side of the Atlantic. 








FOREIGN AND COLONIAL NOTES. 

Queensland.—A recent visit of Mr. T. M‘Ilwraith, the 
Premier of this colony, who only left England the other 
day on his return to Australia, will doubtless assist the 
work of Queensland railway construction. During his stay 
here a loan was successfully launched, the greater portion 
of which is to be devoted to railway works and the opening 
up of newly discovered rich lands in the west of the colony. 

r. M‘Ilwraith while in England , too, for a 
through steam service from London vid Suez, Colombo, 
and Batavia, to p to the various Queensland ports, 
and to carry both mails and emigrants, the service to com- 
mence in October. 


Prussian Railways.—The length of railway in operation 
in Prussia at the close of 1879 was 11,550 miles, of which 
rather more than one-third had two lines of rails. The 
length of line opened in 1879 was 4744 miles. 


Canadian Railways.—The work of changing the gauge 
of the Canada Southern Railway has been completed. The 
Dominion Government has agreed to subsidise the South- 
Eastern Colonisation Railway of Manitoba to the extent of 
2500 acres of land per mile. V’ork on the railway will be 
commenced immediately. 


The New York Central Railroad at New York.—The 
New York Central and Hudson River Railroad Company, 
in contemplating increased wharfage facilities at New York, 
is negotiating for the lease of a large piece of submerged 
property between its present piers at Sixty-fifth-street and 
Seventy-second-street on the North River. Mr. Vander- 
bilt proposes to take a forty years’ lease of all this land 
under water at arental of 15,000 dols. per annum for the 
first ten years, increasing it thereafter for each succeeding 
ten years 3000 dols. per year until the expiration of the 
forty years’ lease. It is proposed to fill in all this land and 
to build thereon storehouses, wharves, and bulkheads, &c., 
all of which will revert to the city at the expiration of the 
forty years’ lease, unless the line is renewed. Piers about 
400 ft. long will be run out obliquely from the foot of Sixty-* 
sixth, Sixty-seventh, Sixty-eight, Sixty-ninth, Seventieth, 
and Seventy-first streets into the North River, upon 
which tracks will be laid to discharge western grain and 
— products directly into vessels for shipment to foreign 
parts. 

Austrian Railways.—The Austrian Reichsrath has ter- 
minated its budget debate for 1880. The Reichsrath has 
voted both a railway treaty with Servia, and a credit for 
covering the cost of the Arlberg Railway. The lines pro- 
posed to be constructed in Servia will be altogether 3344 
miles in length. 


French Steam Navigation.—The Messageries Maritimes 
—the ‘‘P. and O.” of France—gives its shareholders a 
dividend of 7 per cent. for 1879. A similar dividend was 

id for 1878. These oa dividends could not, however, 

ve been distributed without the aid of large subventions 
received from the French Government. 


Great Northern poy Senepeapes Fan number of 
telegrams forwarded by the Great Northern Telegraph 
Company in the first four months of this year was 267,593, 
as compared with 227,514 in the corresponding period of 
1879. The revenue collected by the company in the first 
four months of this year amounted to 66,2401,, as compared 
with 57,6101. in the corresponding period of 1879. 


Greymouth (N.Z.) Harbour.—Sir John Coode’s rt 
on Greymouth Harbour has been received by the 
Government. He estimates the cost of the works 
which are required at 162,0001. When the plans are 
carried out there will, under any circumstances, be 10 ft. 
at low water and 18 ft. at high water spring tides; and as 
trade increases at the port this —_ may be further in- 
creased to 13 ft. at low water, 21 ft. at high water. 
~y John recommends the deepening of the lagoon channel 
at once. 


Victorian Gold Mining.—The amount of gold estimated 
to have been obtained in Victoria in the last quarter of 
1879 was 207,058 oz., and the number of miners then em- 
ployed was estimated at 36,636. At the end of December, 
1879, there were 19 mining shafts in the colony sunk to 
depths of over 1000 ft., 11 of them being at Stawell, in the 
Ararat district, 5 at Sandhurst, 2 at Clunes, and 1 at 


Tarrengower. ‘The deepest shafts were those of the or 
dala, 2273 ft.; tye oa i 1940 ft.; Prince Patrick, 
1780 ft. ; and Prince , 1544 ft., at Stawell; and the 


Lansell’s No. 180, 1476 ft., at Sandhurst. 


The Suez Canal.—The transit revenue of the Suez Canal 
Company amounted for the first four months of this year 
to 595,4581. The pecking sy g revenue for the correspond- 
ing period of 1879 was 434,132/. - 


Canadian Iron Ores.—The quantity of iron ore exported 
from the Belleville district (Canada) to the United states, 
amounted in the first three months of this year to 6500 tons, 
of which two-thirds were hematite ores, while the rest was 
magnetite. This is quite a amount when it is con- 
sidered that wet weather i ered with the shipments. 
The principal mines are the Dominion, about four miles 
west of , from which the ore must be hauled three 
miles through bad roads to a railway. 
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situation of the deposit. A second district of importance 
is the Snowdon, about 70 miles north from Port Hope, the 
ore being of a quality similar to that of the Madoc district. 


Steel Rails in the United States.—The first steel rails 
made in the United States were rolled at Chicago in 1865. 
There are at present eleven important steel rail making 
establishments in the United States, viz., five in Penn- 
sylvania, three in Illinois, and one in each of the states of 

ew York, Ohio, and Missouri. The production has 
steadily increased, until, in 1879, the number of gross tons 
manufactured reached a total of 606,397, and the price has 
as steadily decreased from 166 dols. per ton currency in 1867 
to 48.33 dols. per ton in the year just expired. In the last 
ten years, in the experimental years p ing them, 
the United States produced a yy te of 2,522,107 
gross tons of steel rails, enough to lay 26,750 miles of rail- 


way track with 60 Ib. rails. 

faipara (N.Z.) Railway.—An official inspection has 
been made of the 2 ates of this line, extending from 
Newmarket to Waikomite. There has been a eal of 
extra work besides the original contract, which amounted 
to 17,0001. The length of the line, as already stated, is ten 
miles. There are five road bridges, seven railway bridges, 
and about forty crossings. The longest cutting is near 
Kyber Pass. Itis about a quarter of a mile in length, and 
25 ft. deep at its greatest depth. The heaviest cutting is 
through rock at or near Mount Albert. It is six chains in 
length, and 23 ft. deep. Beyond this there is a stone 
breastwork embankment of the same height, 23 ft. deep. 
A self-acting wire tramway has been constructed, leadin 
from a ballast pit, which is about 800 ft. above the level o: 
the main line. There are five stations on the length of the 
railway, not including that at the Newmarket junction. 

Working Expenses on the Eastern of France Railway. 
—The ratio of the working expenses te the traffic receipts 
on the old network of the y ae se of France Railway stood 
last year at 44.22 percent. The corresponding ratio in 1878 
was 43.36 per cent. 

Telegraphic Interruptions.—The Anglo-Danish cable of 
the Great Northern ph iy ag was interrupted 

, and from July 14 to July 29. 


from January 9 to << 
The Franeo-Danish cable was interrupted from Febrxary 8 
to April 9, and from October 21 to November 27. The 


Dano-Norwegian cable was interrupted from May 4 to 
May 15. The two Russo-Swedish cables were simultaneously 
unterrupted in a tempest which occurred October 14. The 
first was ired October 27, and the second November 11, 
Subsequently, however, a fresh interruption took place. In 
the extreme east there have also been interruptions, but 
these were of short duration. Most of these interruptions 
were occasioned by fishing apparatus. In the East these 


damages were easily remedied, as the company maintains 
there a steamer specially fitted with tools and appliances for 
effecting repairs. In Europe, however, the company was 
obliged to have recourse to ships not possessing the neces- 
sary tools, &c.; and the repairs extended over a longer 
riod, and were at’ »nded with ter difficulty. The 
irectors have accordin..'y quate tee the construction of 
a special repairing ship to be employed on the company’s 
business in European seas. 

French Mechanical Industry.—The profits of the Société 
Nouvelle des Forges et Chantiers de la Méditerrané for 
1879 amounted to 16,2621. The shareholders will receive a 
dividend of 11. per share for the year. 

Steel Rails on the Orleans Railway.—The Orleans 
Railway Company is renewing the permanent way on its 
new network as fast as possible with steel rails. Steel rails 
have now been introduced upon this portion of the system 
to the aggregate extent of 355$ miles. 


American Locomotive Building.—Reports from Ameri- 
can locomotive builders show that they are full of orders, 
and that many of them haye contracts which will keep 
them busy for months to come. The Pennsylvania Rail- 
road shops are said at present to have 90 engines in 
various stages of construction, and all the other leading 
lines are constantly adding to their equipment. Among 
the most recent orders are 30 locomotives for the Texas 
Pacific Railroad, equally divided between the Danforth, the 
Schenectady, and the Pittsburgh Locomotive Works, 
besides 12 standard gauge locomotives ordered at the works 
~~ apm for the Atlantic and Great Western Rail- 
road. 





Port Victor Breakwater.—Every week witnesses a solid | 
advance in the construction of the breakwater at Granite 
Island, South Australia. Slowly but surely the gigantic 
wall is rising, which is to be the future protector of the 
increasing trade of the port. At a rough estimate, about 
250 ft., or a quarter of the total provi for in con- 
tract, is built to the full height and breadth required; and 
on the sea end of the work, looking seaward, numerous 
stones are visible just above high-water mark for 50 ft. or 


60 ft. further out. Besides this, there is a large amount of 
stone which has been ship and deposited ha Geer 
barge, and which is said to be in some places not far 


the surface of the water. Ample supplies of material are 
still available from the last explosion, so that there will be 
no occasion for another blast. Amongst the results of the 
late ions one magnificent block of granite, which was 
moved some distance from its former bed, is conspicuous. 
It has been roughly inecsirel, ead 'o estiesbel Ae samtais 
at least 2000 tons of stone. 








The Desert of Sahara.—An exploration of the Desert of 


Sahara, with a view to the construction of a railway across 
it, has been commenced. Colonel Flatter’s expedition has 
left Wargla on a southward march. In addition to the 
leader, the party comprises nine scientific officers and twelve 
French soldiers, besides numerous camel drivers, chiefly 
belonging to the Chambaas tribe. 


Telegraphic Progress.—The telegraphic service between 
the United States and Europe is in a satisfactory conditiou, 
but there is no good communication by wire between North 
and South America, or between the United States and 
Asia. Europe, on the other hand, has been wonderfally 
active in the extension of lines and cables to other conti- 
nents. There are now two cables between France and 
Algiers; Cairo and Khartoum have been connected; a 
wire been carried to Cabul; the Transvaal has been 
connected with Cape Town ; and the latter place is now in 
connexion with Europe, vid Natal, ,» Mozambique, 
Zanzibar, and Egypt. Another line has been established 
between ‘Asterabad and Tiflis, bogge the whole of Persia, 
while Russia is extending its egraphic network to 
Eastern Siberia. Mnch progress has been made in the 
domestic telegraphic system of Brazil, especially in the 
interior; a cable has been laid along a good part of 
the western coast of South America; and the settled 
portions of Australia and New Zealand are now in active 
communication with one another as well as with Europe. 
A new cable connects Port Darwin, the northern terminus 
of the trans-contirental line of Australia, with Java, Singa- 
, and Penang. Several cables have been laid 


re, 
O the Baltic. The cables now required are one across the 


| Pacific, two between the United States and Rio and Val- 


paraiso respectively, as well as minor cables to connect 
Cayenne, Colombia, New Caledonia, the Phillippine Islands 
and Chinese stations with the world’s telegraphic system. 

South African Railways.—Railways, which are, with- 
out doubt, the greatest want of British South Africa, are 
being pushed rapidly forward, and another step will soon 
be gained in the approaching opening of the line from King 
William’s Town to Queen’s Town. After railways the 

+ questions of irrigation and immigration will press 

or consideration and solution. 

Tramways at Rome.—The construction of a tramway in 
the Via Nazionale at Rome is about to be commenced. 


Port Elizabeth.—The Port Elizabeth Chamber of Com- 
merce has had a discussion on the subject of harbour 
works. It seemed to be the general wish that Sir J. Hawk- 
shaw should pay a visit of inspection to the port to report 
on the plans for the harbour proposed by Sir J. Coode, 
which are now placed in abeyance by the Cape Govern- 
ment ; and it was resolved to call a public meeting shortly 
to discover the wishes of the inhabitants on the subject. 
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TWENTY-SEVEN-INCH EQUATORIAL TELESCOPE FOR VIENNA. 


CONSTRUCTED BY MR. HOWARD GRUBB, DUBLIN. 
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THOMSON’S WATER-STEAM PRESSURE 
THERMOMETER. 

AT a recent meeting of the Physical Society, 
Sir William Thomson, the President, gave a pre- 
liminary account of a new steam thermometer 
which he is about to construct on principles to 
which he had been led by the preparation of his 
article on ‘‘ Heat” in the forthcoriing volume of the 
Encyclopedia Britannica. 

e action of a water-steam pressure thermo- 
meter will, of course, depend on the expansion of 
water-steam under changes of temperature; and 
it will have to be graduated according to the best 
tables (such as those of Kegnault) giving the 
relations between the volume of water-steam and 
temperature. The graduation will probably be 
best effected by means of an air thermometer. 
In its simplest form it will consist of a bent glass 
tube (see Fig. 2) with two terminal bulbs, like the 
cryophorous or frost carrier so well-known to 
students of physics; and in one half (the | 
it will contain water, while the upper will be fill 
with water vapour. In order to give quite accurate 
results, however, all air will require to be expelled 
both from the water and steam ; and this operation 
is one of the difficulties of construction which Sir 
William has very ingeniously overcome. 


\ 








The old and obvious way of expelling air from 
water is to boil it; and there is an idea floating in 
the minds of most chemists that the explanation 
of the efficacy of boiling is due to the fact that water 
dissolves less air at the same pressure when it is 
warm than when it is cold. Sir William Thomson 
pronounces this idea to be a mistake, and while 
admitting that it holds good to a certain extent, 
declares it to be incompetent to account for the 
whole phenomenon. The true explanation, he be- 
lieves, is founded on the relation between the density 
of air in water, and its density in an atmosphere of 
water and steam together, or, in other words, water 
vapour. 

A mode of expelling all the air presented itself 
to the mind of Sir William, and in accordance with 
his habitual mode of working, he proceeded to 
realise this as nearly as possible in practice. The 
better to understand this it will be necessary to 
refer to Fig. 1, which represents a sealed glass tube, 
the lower et of which is ag ae water and 
the r with water vapour. Now according 
the re aeons hotrwun the dane al alidn taceiier 
below and the vapour above, there is forty-nine times 
more air in the upper half than in the lower, If 
then, we could suppose a piston to be inserted 
into the tube at A, where the water and water 
vapour join, and forced upward through the end of 


the tube at B, so as to drive the mingled vapour 
and air before it, and afterwards form part of the 


roof of the tube so as to it ingress of more air, 
we should have expelled all but one-fiftieth of 
the original air in the tube. The remai air 


would next divide itself in the tube according to the 
former ratio, that is, forty-nine times more in the 
vapour than in the water. Repeating the action of 
the piston would therefore leave only yyy, in the 
water ; and by continuing this operation, the whole 
. “* hg could in time be practically expelled from 
the tube. 








A piston is, of course, an impossibility; but Sir 
William effects the purpose by means of a fluid 
mercury valve. The double-bulbed cryophorous 
tube which is to be turned into a water-steam ther- 
mometer, is ially filled with water, and the upper 
end projecting beyond the upper bulb for g 
purposes is connected by an india-rubber tube to 
one fork of a Y-tube; the other fork of which is 
connected to an air-pump or an aspirator. The 
leg of the Y-tube communicates with a veasel of 
mercury, and by means of the air-pump the mercury 
is drawn up the leg until it just enters the two forks. 
When in this position it closes the communication 
between the cryophorous tube and the air-pump vid 
the two forks, But if at stated times the mercury 
is allowed to sink below the fork into the leg of the 
Y¥-tube, a puff of water vapour mingled with air will 
pass from the upper part of the cryophorous tube by 
the two forks to the ym. from which it can be 
voided into the air. If, then, the water in the cry- 
ophorous be kept boiling, and at intervals the mer- 
curial valve be suddenly opened for peel ws “i 
the air will in course of time come to be ally 
expelled from the cryophorous, which then be 
ready for sealing, tting up as a water-steam 
thermometer. 

Fig. 2 illustrates one form of the water-steam 

ressure thermometer. The horous tube A B 

its lower filled with ed water, all but 
a small portion of the bulb A. The stem con- 
necting these bulbs is graduated after the manner 
of ordinary mercury thermometers, and the level of 
the water in the stem marks the degree of tempera- 
ture. The internal diameter of the stem need not 
be more than 1 or 2 millimetres, and the column of 
water for the zero reading, or in other words, the 
difference of level between the water in the bulb A 
and the stem will be 6} centimetres. The top bulb 
B is to allow the water to flow down the stem again 
should it attain that height. Were there uo bulb 
there it would stick, and the only way to restore 
the apparatus to its old state would be to distil the 
whole of the water out of it. To keep the tempera- 
ture of the face between the water and steam in 
the stem at 0 deg. Cent. a jacket of ice-cold water E, 
refrigerated by a freezing mixture C, is kept sur- 
rounding the stem. 

The thermometer is used in the ordinary way by 
plunging its bulb in the substance whose tempera- 
ture is to be determined ; and Sir William Thomson 
reckons that it will prove thoroughly useful in mes- 
suring temperatures ranging from (0 deg. to 140 deg. 
Cent. Moreover, for lower temperatures, sul- 
phurous acid ‘‘ steam” thermometers, and for higher 
temperatures mercury ‘‘ steam” thermometers of a 
si kind can be constructed. 





THE VIENNA TELESCOPE.—No, VI. 

The Tube of the Telescope is made of steel plate 
about in. at the centre, and tapering to about 
slyin, at ends, the joints being all la) and double 
rivetted. At intervals of about 2 ft. ps eg 
introduced of peculiar form also made of steel plate, 





marked 4% on the general drawing (see page 10 
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ante). hragms are made of two discs of | steeltube; J disa —— casting attached to a a e engraving on the preceding 
pe ER ge cupped. by hammering until they form, | | by means of three steel bolts, one of which is shown rem tthe lower ea of th felscope, ts Taalvarves serves to llutrat 
on being rivetted together, the section as shown atc. These bolts through three holes in a plate | “lear scribed oe = raphahnachegy? oe | andes ts > 
dd, and are locked by a slight turn of the plate ¢ ¢, | ferred to are as follow : a 


at & in the engra These are then securely 
rivetted into + ggg Oe are also longitudinal 
cellular ribs, the section of which can be seen in 
Fig. 2 of the same plate. These lor, itudinal | 
ribs run thorough aises the whole length of the | 
upper and lower sections of the tube, and the dia- 
pragms have apertures pierced in them to allow the | 
longitudinal ribs to through them. It will be | 
observed that the 4oak — pierced in 
the diaphragms to allow the to pass through 
are somewhat larger than necessary. This is in- 
tentional, and for the following reason. It is well 
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known how extremely desirable itis to prevent (as 
far as possible) currents of varying temperature 
Rossing g along inside the tube of a large telescope, 
ow itis clearly impossible to imsure perfect: uni- 
formity of temperature, and a little consideration 
will show that in the case of a tube fitted with dia- 
phragms, where, as is usual, the only aperture in 
each diaphragm is the central one to allow the 
cone of rays from the objective to pass, the 
warm air at the top the tube in overflowing 
from one space to another is ee by the dia- 
p to pass right into the cone of rays from 
the objective just when it can do damage. It 
occurred to Mr. Grubb, however, that it would be 
very desirable to have such other apertures in the dia- 
as would allow these currents to more 
nearly along the sides of the tube, and that thereby 
the air along the axis of the tube where the cone of 
rays passes could be kept moreuniforu:, By cutting 
the triangular apertures in the diaph rather 
larger than necessary for the longitudinal ribs to 
pass, this desired ventilation has been effected. 

The central section of the tube, particularly where 
jointed to the end sections, is strengthen by ad- 
ditional material. The straps, which hold the} tube 
—_ aie cradle are placed dirvctly over a pair 0; 

8, nob cellular, as..in the, other 
pore “bat of angle and. plate i iron, and a band 
of iron 4, in. thick is here, introduced into the tube, | cas 
to which, as well as through the tube itself, the dia. 
Pp s are rivetted, and which is again riyetted to 
the strong angle-iron ‘ring w forms the connexion 
The ar _ of the eye-end a breech 

arrangements an ae 
will = best understood by reference to the 


en 
cece oar 





f | in section te the threads of the screw on the tube at 


worked by handles from outside at /- 

The casting 4 is carefully bored out, and in it 
revolves another casting g g which carries the glass 
position circle 4. ; 

wttion this position 


Between the flange 
circle and the casting bby ig e of. gun-metal 











kk. This circle is placed on & .carefully- 
| turned portion of 44, and is: 360 teeth in its 
edge, into which gears the endless screw m.’ 

A aaa is a small 


Attached to the casting at on 
In thisa pinsides 





bracket #. efomn, actuated 


up: 

















NSS 


by a spring in one direction aad the flute key oin the 
other. The pin that slides in this passes through 
the casting », and entersinto any one of 180 holes, 
which are bored in the ring 4, thus clamping the 
ring & to the casting When it is & 
the eye-end through any large angle, the flute 
key o is pressed which draws up the pin and frees 
the casting g from the circle &. e casting g 
Se we carries the micrometer, “yr may then be 
reely revolyed. When near its desired position, 
the key o is released, and the pin drops into the 
eanead hole, fine motion can then be given by a 
key on the éndless screw m ing into the teeth on 
the edge of the circle #. In the casting gg slides 
a tube p p made of qun-eastel carefully turned and 

Inpped, and it is to this tube p that any eye-pieces, 

micrometer, &c., are attached by the flange qq. 

There is no rack and pinion, as such an arrange- 
ment would not be suitable for such heavy appa- 
ratus, but a very peculiar arrangement is for 
focussing. 

On the inner tubeat rr a triple-threaded screw is 
eut; To this is fitted a steel nut ss, to which a ring 
and handwheel V is attached. The outside of this 
nut sis cut into a set of rings somewhat similar 


r; fitting on this nut and*into the set of rings, is 
another ring attached by a piece of tube ¢ to the 
sting g- The nut s and the ring and tube # are 

£3 several sections by saw cuts, taking care 

s there be-not the same number of cuts in each, 

ond eountal pods Ae a flexible metallie ring and 
is tightened Now when this clam screw 
is ‘it causes the ring / to close on nut 
the nut’s to close in on the screw rr, so that 

all “loss” is taken ont and a beautifully smooth 





to turn |. 


shone 


A. Is the micrometer eye-piece. 
a B. Handles for working focussing screw (see above). 
e-piece of finder telescope, 4 in. ape: 
Pa Se pent = oes for right ascension and 
ante). 
t “ee Handle. fc for = ving same to point to various 
verniers. 
. Clamping handle in declination (see page 311). 
- Slow motion handle in declination. 
- Clamping cords for right ascension. 
‘Slow motion cord for right ascension. 
K. Quick motion handle for right ascension and declina- 
ss movements (see page 310). 
+ key for position circle clamping (see above). 
M. Window Berseh whieh glass position circle is viewed 
illuminated fro behind by beam of light from gas 


at end of isleation axis. 
Screw for slow motion in position angle (see above). 


ny 






Key for throwing into position a set of illuminators 
tee. « dark field” illumination of micrometer. 

P. Handle for into ition an arm ing 
one conte, mirror, for, “‘ bright ’ illumination of mi- 
In our next article we} describing the ar- 
rangement of the splen i erected at 
Vienna for the reception cape cane sae May 

strations of which will be found. issue of 
28), of the, domes and machin fim, comnected 
there which. were also. cupelied be . Grubb. 
‘In ding this, our tion of ‘equatorial 
je! ; think, be ey to an. who has 
ollow igh the various articles, that while 
the general es of MessrsyGrubb’s well-known 
caaneors ern Pr po Pages os gi ut in “sam 
the est exam rw very e 
number f special contrivances hay, be tote 
d ap ed to meet the ents of the 
;.and we have info: ae all those 
cee tnd which..we have :deseri and many 
therg ‘tdo ally plata to. de a vere, "without any 
f Sie present repre- 


, ‘ +y 

yee met ima Grubb), and were 
embodied inja a deposited with the director of 
the Vienna ‘Observatory, before any contract was 
entered into, and that, with the exception of a trifling 
modification i in, the, quick-motion gearing to render 
it more conyenient to the observer, no alterations or 
modifications okeisaanal were found necessary or 
desirable, on the original plans. 

Appended is a descri mre FD of the various parts of 
the telescope illustrated by the owo-pne engraving 
which we published in our.issue of January 10th. 

A A. Upper base casti 
B B. Lower base catia 
. Stay or strut under polar pillar. 
DD. Polar pillar. 
E E. Polar axis. 
F F. Declination axis. 
G G. Crosshead of polar axis. 
H. Declination counterpoise. 
K. Main telescope tube. 
. Eye-end and breech-piece of telescope, 
. Finder telescope, 4in. aperture. .. 
. Smaller finder. s 
. Lower toe bearing polar axis 
8. nag = for relict of po P 


ts. ‘plate and toothed wheel for quick motion 
in ight ascension (page 200). 

* Clock frame (page 391). 
X* and Y. Lunar wheels and clock 


a 


Z2An 


“4 toe. of polar 


, &e. (p. 310). 


Z. Right ascension sector ( 310). 
abc. Reader for readin our right ascension circle 
from ground level (page 409). 


wer right ascension circle (page 409). 
aes Door or opening iu polar pillar to allow access to in- 


“" t. ngemen’ 


rnal arra: 
Cords for working right uscension clamp (page 309). 
so for working right ascension slow motion 
%. One of the reflectors for illuminating upper right 
nh. Cellular diaph telescope tube. 
ragm in main telescope tu 
Ll. Reader for eet ons right romay A and declination 


circles from eye-end of te on eS 
mm. yer — ascension a9 from eye-end 


p- 

w eles ter easlnation ot vighieavinden dodo. 
en ee a ae ee RY 

ys, Internal anti-fristion rollees (page 

Kiora.o it also used for eountepoise of declination 

clamp ; u is also used for one of the bracele bracelets of declina- 


tion axis. 
“* The letter W is also used in counterpoise plat 





internal coun’ 
of same 


i 








equable motion is thereby attained. 


axis, and the letter X‘on lever 
objective. 
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1, 2, 3. Handle for slow motion in declination (page 311). 


5, 6, 7. Handle for clamping in declination (page 311). 
9, 10.. Gearing for quick motion in right ascension and 
dcclination from — (page 309). ’ 

12. One of the rods supporting prism and lamp. 

13. Manhole in tube ( $11). 

14. Gearing for changing from lunar to sidereal time and 
throwing clock out of gear altogether (pege $11). 

15, 16. Handles for working 14 (page 311). 

17, 18. Pulleys for chain of same ( $11). 

19. Screw for working levers for relief of pipteee and 
friction on upper bearing of polar axis (page 199). 

20. ing of lever of sam2 on outside pon f (page 199). 

21. Screw for working levers for relief of end pressure of 
toe of polar axis (page 199). 


LITERATURE. 
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Electric Light, its Production and Use. By J.W.Urqvu- 

HART, C.E. Edited by F. C. Wexs, M.I.C.E., &c. 

London : Crosby Lockwood and Co., 1880. 
WE do not like the duty of saying unpleasant truths, 
nor of disparaging the merits of a book which we 
had wished to praise. But we had ho better 
things of Mr. Urquhart, especially with the able 
assistance of Mr, F. C. Webb at his back as editor. 
The very first sentence of the work confuses together 
the voltaic arc produced between carbon points 
by the continuous flow of electricity, and the 
momentary extra current observed on breaking a 
circuit in which there is electro-magnetic induction. 
The descriptions given of different kinds of ap- 
paratus, while they may perhaps meet the end of 
affording just enough information to amateurs who 
want. practical ‘‘ tips” in the construction and 
management of things electrical, strike us as clumsy 
in the extreme; and it is difficult to see why so 
arbitrary a selection has been made of the objects 
described. And we must express our decided opinion 
against the attempt to impose upon the amateur so 
many mere rules of thumb, which while they may 
be true enough for pred ev batteries or lamps 
mentioned, would 1 to hopeless mistakes and 
failures if applied to other cases. Indeed, the 
absence of sound theoretical principles, that is to 
say, of science, and the presence of trivial empirical 
regulations, is everywhere conspicuous. The author 
purposely omits, for example, any mention of ‘the 
theories and actions concerned in the - working of 
voltaic cells.” We give his reason in his own words. 
“« After careful consideration and judgments (sic) 
upon an extensive experience with all kinds of 
generators, it is but too obvious that elementry in- 
struction of this kind is often misplaced in works 
having a practical bearing, and is, therefore, really 
not wanted.” Nevertheless, the author proceeds to 
describe a number of voltaic cells, laying down the 
law as to those which are and those which are not 
suitable for the production of electric light. We 
must confess that we have come upon some pieces 
of information that were new to us; and the author 
must forgive us if we extract a few samples. We 
were not aware until now that in making up the 
zincs for the cylindrical form of Bunsen’s battery 
‘ the separation which should be made between the 
edges of the zinc” was ‘‘ chiefly for the purpose of 
preventing the formation of local currents in the 
zinc ;” indeed, we had always thought that this was 
simply a gap left between two ends of the piece 
of zinc when it was rolled up. We were not ac- 
customed until now to think that the function of 
the mercury applied on the face of the zinc was to 
connect ‘hard and soft parts” together, but had 
always supposed that it was for the p e of 
obtaining a bright and pure surface that would not 
be acted on by the acid when the circuit was open. 
We should be sorry to pay for our sulphuric acid the 
price of 3d. per pound, at which it is, we are told, 
procurable; but we should rejoice if we were able 
to say from our own experience that ‘‘a battery of 
fifty Bunsens may be unpacked, acid mixed, and the 
light produced within twenty minutes.” We fail 
also to realise how, ‘‘ while the real cost of produc- 
tion” of pots for outer cells ‘ig; about 2d,” the 
wholesale price of ten can be less than 4d.!. For 
following really useful wrinkle on zine’ cutting we 
are honestly grateful: ‘The ‘simplest way is’ to’ 
make a deep scratch at the place of separation, re- 
peat this on the opposite side, and run mercury into 
the cut. This will soak nearly.through in a few 
minutes, and the plate maybe divided by bending 
over the edge of a table.” ~~ ”’ 

The modification of Byrne's battery recommendéd 
by the author for providing a strong current for a 
few minutes, appears to us to have some valuable 
points about it, 





The section of the work which deale with magneto. 
electric, dynamo-electric generators, and lamps, is 
less a to objection, though here again many 
blemishes of style and of are apparent, The 
author talks about Gramme machines of * 16,000. 
candle power” burning 20 ‘‘candles” on the Thames 
Em ent, and a few lines lower down some 
other Gramme machines are spoken of as emitting 
a light of 1850 and 300 “ 1 candles,” with 
never a word of preliminary warning that in these 


three cases the word candJe has utterly different 
or Why the Carcel lamp should be called 
a “candle,” we cannot understand; nor does the 


author in any place state the value of the ‘ bec 
Carcel” in the usual English photometric measure of 
standard sperm candles. Speaking of lamps it is 
stated on page 202 that the automatic arrangement 
of the Wallace lamp is “of the most perfect kind,” 
a statement which reads rather curiously when pre- 
ceded by the assertion that the feed for supplying 
the carbon to the arc is now done * by such perfec 

automatic lamps that the light is not only perfectly 
steady, but gives no trouble for several hours to- 
gether.” If an engineer were asked what “the 
scale of deposit” is, he would hardly be expected to 
reply that it was ‘‘ found in the interior of gas re- 
torts after trial,” although Mr. Urquhart employs 
this phraseology to tell the amateur electrician what 
kind of carbon is best for producing the arc. In 
enumerating the various kinds of artificial carbon, 
the best and purest, viz., that used in the ‘* Brush” 
lamps, is not even named, 

Most of the illustrations of Mr. Urquhart’s book 
are satisfactory, but we fear M. Jablochkoff would 
have some difficulty in recognising the object de- 

icted as a “complete candle” in Fig. 87. Mr. 

romwell F. Varley is twice paraded as Mr. 
Cornelius Varley, and the name of M. Jamin is per- 
sistently and consistently misspelled eight times 
over. 

We do not wish to appear captious in pointing 
out these matters, but Pn A is cst Prk, pao 0 
where it is not accurate, For the sake of the use- 
ful suggestions as to the practical management of 
wires, insulation, soldering, &c., which are scattered 
up and down the work, we wish that we might have 
commended the book. 
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A New Method of Graphic Statics applied in the Con- 
struction of Wrought-Iron Girders Fey by a 
Series of Working Drawings of M Type. By 
ea OLANDER, Assoc. Inst. C.E. London: E. and 

. N. Spon. 


THE SPITZBERG TUNNEL. 
(Concluded from page 428.) 

In describing the method of timbering the tunnel 
works, we mentioned that, with the exception of a 
short length near the north entrance, no 8 
precautions had to be taken, and the masonry, 
with the exception of a short length, was only re- 
quired for lining, and could, therefore, be made 
comparatively light, For the first 82 ft. within the 
n entrance, exposed to pressure from the loose 
clay and broken rock, the tunnel was lined with 
strong granite blocks with abutments 3l}in. and 
arches 23}in. thick. The material used elsewhere 
was y mica slate from the vicinity, and partly 
granite, the natural rock being frequently used as 
abutments. The method of constructing the linin 
varied with the different modes of timbering ; wi 
the crossbeam method, se were built in, 
while for rafter timbering, the abutments were con- 
tinuous, and the arches only built in independent 
rin The arrangement of independent rings 
simplified the work, and gave very satisfactory re- 
sults. The abutments, as well as the arching, for a 
height of 3 ft. 3 in., were built on templates fixed 
temporarily to the timbering; above this height 
centering constructed of square timber was used for 
building the arches. 

The reason why the usual typé of planked center- 
ing was not adopted, was that the form used was 
found to be more capable of resisting the effects of 
the dynamite explosions. It may be mentioned that 





4 


‘the 42 centres, made at the commencement of the 


work, were in good serviceable condition after the 
whole had been completed, For. planking, narrow 
2in, boards were used, in sucha 

that the longitudinal joints between the stones were. 
accessible. A winch on thes served to lift 
the materials to the working sta we 





transported from the depéts, estab: 
tunnel entrances, on walle 


manner | At 








been made to commence lining from the two shafts, 
a 6-ton crane being provided; but it was found un- 
ig rors Ag carry out this intention. 

Draining the back of the tunnei lining was 
effected by means of drain holes, which were left 
in be — of the ad and a P. lower 

t of the arching. ere uantity of water 
a comparatively considerable > loose rubble 
backing was behind the brickwork (see 
Fig. 49), traversed by channels built in cement 
through which the water was directed to the 
drain oe ® ie’ 4 rion hy Pag a of = 
masonry. eep joints was by 
these means successfully obviated, "The nature of 
the rocks traversed by the tunnel was so favourable 
that only 2392 ft. 9in. of the whole length, or 
41.7 per cent., had to be lined at all ; of this distance 
1673 ft. were completely lined, but no inverts were 
required, There was 407 ft. of arching with 
rock abutment, and 312 ft. of abutments only, in 
places where the tunnel sides ap unsafe, 

The total yop of lining amounted to 9196 
cubic yards, 3770 cubic yards of this being dressed 

ite blocks, and 5426 cubic yards of rough 
stones. For the rubble backing, 738 cubic yards of 
material were used, while the drain in the centre of 
tunnel required 806 cubic yards, mostly of rough 
stones and some ing. The total cubic con- 
tents of the tunnel amounted to 118,770 cubic 
yards, and the,masonry amounted, exclusive of the 
entrances, to 9.08 cent, 

The execution of the entrances varied with the 
different strata in which they weresituated. At the 
north end, the paling being in clay, it was formed 
with flat sl protected with heavy side 
abutments, and for a short distance retaining walls 
had to be built up against the clay; while at the 
south end, where the walls of the cutting were 
nearly vertical and almost the same width as the 
tunnel, but little masonry was ne The two 
entrances are shown in Figs. 50 and 51, and it will 
be seen from these views that the design is well 
propesmmneny while the material used for the arch 
and side pieces is white granite, the rest being in 
blue slate. The quantity of materials used in the 
north entrance is 634 cubic yards; of this 69 cubic 
yards are of dressed granite, and 565 cubic yards of 
rough stone. .In the south portal there are only 
Hird na a, 4 materi ae = yards of 
aced granite, 4 yards h stone. 

The following Table gives particulars of the ma- 
terials and labour employed in lining the tunnel : 














Quantities required 
Materials and Labour. 
F ot coh Per Yard 
F 
beats _— Yard. 
Foreman mason shifts = 0.22 3.08 
Mates’ Bib... oe tee eee 1.5 22.6 
\ ’ shifts... os 0.5 7.2 
Rough po = lL yas. bes | 8.0 
masonry; ¢. yds. J 4 
” 29 drain lining ” 0.2 2.68 
Stone faced to template, re 0.45 6.00 
Hydraulic mortar «+. a) iy * 0.15 2.10 
Cement... ° me 0.01 0.13 
eee oe ove ow ” 0.15 2.1 
Lamp oil, lbs. ... fot “a if 15 20.28 
Carpenters’ shift ~~ ... vee se} 0,15 2.05 
Templates, lining planks, tools, &e.| 9s. 1d. 89s. 7d. 








But little remains now to be said about this work, 
the progress of constructing which we have fol- 
lo with tolerable minuten i 
tional facts may be mention The Spitzberg 
Tunnel traverses one of the most im t water. 
sheds in Southern Germany, and a considerable dif- 
ference in the barometrical pressure was observed 
at the two ends; since the direction is nearly due 
north and south, it was not 
retain the shafts for the 
was therefore deci: ed 
ginal plan being to throw a 
opening of the t at the roof 
and a second one, 
fill in the remainder 
ever, that 
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THE SPITZBERG TUNNEL. 
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u=10 deg. 45 min. 27.5 sec. =163 deg. 51 min.’ 49 sec. 


over two and a half years. In Fig. 58 a longitudinal 
section through the tunnel is shown, indicating the 
progress from the different points of attack, and 
giving dates and dimensions, while the di 

elow shows where masonry lining was required 
in the tunnel, and here it will again be noticed that 
the heavier part of the lining is near the north end, 
very little being required in the middle of the 
= where the rock was found very sound and 
solid, 

The operations of laying out the work may be 
divided into two s, the first being to ascer- 
tain and fix the direction of the tunnel from the 
outside, and the second to work to this direction 
when driving the tunnel itself. The accuracy of the 
underground operations naturally depended entirely 
on that of the previous part of the work, and the 
former could not be commenced until the latter had 
been completely finished, 

_ Since there was no point on the Spitzberg suffi- 
ciently elevated to enable two distant points to be 
fixed for aligning the tunnel, an observatory was 
erected at the top, about 13 ft, high, and by means 
of the theodolite, the two points A and B (see Fig. 56) 
were found with the utmost for the straight 
line direction of the tunnel. At these points posts 
were fixed and signal discs on each, forming 
the starting-points for all further surveying opera- 
tions. In addition to these two pri points, 
several others, required for the position 
for the entrances and the two shafts, were fixed 


e oA AMI SDs calls, S 








y=169 deg. 14 min. 82.5 sec. §8=174 deg. 37 min. 36 sec. 


from the observatory by means of the theodolite. 
For laying down the curves forming the approach to 
the tunnel (see Fig. 57) the tangent angles were 
measured very accurately, and the curves themselves 
were laid down by means of the angles on the chord. 
For the purpose of being able to more accurately 
ascertain the junction between tke large curve at 
the north end with the straight line of the tunnel, 
the lower heading was driven not in the tunnel 
centre line but along the chords. For controlling the 
position of the point B E,a pee P outside the 
tunnel was chosen, and the angle S formed by a line 
passing through BE and P, and the centre line of 
tunnel was accurately measured outside on the 
ground, and afterwards laid down in the tunnel to ix 
the direction. The surveying works at the south 
end were very much simplified by the fact that the 
straight centre line would be directly continued 
into the tunnel from the outside. 

As soon as the curved length at the north end 
was enlarged to the full section, a post was fixed in 
the junction between the curve and the straight line, 
and this post formed the starting-point for the 
latter, For all surv tions inside the 
tunnel, the same theodolite with a 1.42 in. object 

lass and a divided circle 9.84 in, in diameter, which 
served for the outside operations, was used, 
signal discs with od ‘light lines era ers the 
necessary points, an t was pro some 
magnesium lamps. In the shafts the centre line of the 
tunnel was plumbed down from the top, and thence 





extended by means of the theodolite, The 
.| balls used for this operation were made 


umb 
Ib h ly centred and suspended 
16.5 lb. in weight, accurately cen an 
by hone + in. wer rol to avoid the 
trouble generaily experienced with long cords from 
oscillations, the four plumb weights were suspended 
in the shafts a hss ra before they were actually 
wanted; by that time they had stretched the 
amount due to the dampness in the tunnel, and when 
on the appointed day they had been placed in 
accurate position by ms a of the theodolite from the 
fixed points A and B they were perfectly steady after 
fifteen minutes, The four weights were after 
it was -emgy roy em 96 ‘ cords it was oe 
im ible to fix as t line by two points only, 
their ¥ slow and short vibrations being ree 
perceptible. With the use of four points the line 
could be very accurately ascertain As soon as 
all four cords were in absolute rest, the theodolite 
was placed some 160 ft. away in the tunnel, ani the 
instrument was adjusted until all were accurately 
ranged, and the direction could be extended to any 
required point, Posts were fixed at points thus 
ascertained, but the same operation of controlling 
the direction was repeated every two months, con- 
stantly checking the previous direction and extend. 
ing the fixed points further every time. To avoid 
delay in working in the tunnel, these surveying 
pale were always carried out on Sunday, when 

ordinary work, such as mining operations and 
masonry work, were suspended. 

The results of this somewhat careful mode of 


working were very satisfactory, the deviation in 
the centre at meeting being in all cases exocedingy 
small—between the north end and No. 1 shaft 


2.36in., between the south end and No. 2 shaft 
0.59 in., and between the two shafts of 1.58 in. ; 
these deviations in direction are due partly to the 
unequal thickness of the cords and par the 
imperceptible oscillations of the plumbs. final 
length of the tunnel was ascertained twice by means 
of carefully divided rods. In conclusion, we ma: 
remark, that although for such extensive ti 
work, a somewhat large number of employés 
are generally necessary, the expenditure for staff, 
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berg Tunnel and ia directing some 600 work- 
men, did not exceed 6 per cent. of the total coat 
= in building ions. The workmen, 
although living in a a thinly populated district, 
aged in barracks erected by the contractors, partly 
o huts built by themselves, working all day in 
the shafts and tunnels, enjoyed excellent health 
during the whole time, and only two deaths occurred 
from accident, these having been caused by care- 
lessness on part of the men themselves. 





KENYON'S PISTONLESS INDICATOR. 
To THe Epritor or ENGINEERING. 

Srz,—Having to analyse daily a large number of indi- 
cator di ms taken with various instruments, and find- 
ing some considerable errors to exist, I am interested in 
finding an absolutely reliable instrament, and have con- 

uently read the correspondence on the Kenyon indicator 
with much attention. 

My experience of repeated tests of Bourdon gauges is 
that, after use, there is ever tan element of unre- 
liability in the springs ranging from “1lb.’”’ to 5lb. and 
even beyond. should be glad to learn if and how this 
serious obstacle to absolute accaracy has been obviated by 
Mr. Kenyon. I note in Messrs. Storey’s letter that the 
objectionable bend at the root of the spring is unavoidable, 
but made as “‘ easy’’ as gaan to redace obstruction. 
This is certainly an admission. 

** Practical” has, according to Mr. Kerfyon’s divination, 
made + “‘ long and severe course of experiments’ with one 
of the earliest instruments. It would, I think, be very 
interesting if ‘‘ Practical’ would furnish a set of diagrams 
in order to compare them with those Mr. Kenyon unfortu- 


nately sent too late. 
Yours faithfully, 
Manchester, June 3, 1880. J.M.C 


To Tue Eprror or ENGINSERING. 

Sir,—Some time I had constructed an indicator 
somewhat similar to Kenyon’s, with a Bourdon tube, but 
with an improved parallel motion, and the tube mounted 
in such a manner as to i reduce the vibrations 
incidental to indicators having a Bourdon tube. I tried 
this indicator on a Corliss valve engine and send you the 
best diagram I could obtain by it, which you will see is 
quite worthless, I also enclose one taken by a Richards 
2 ar trength of sed in th 

n comparing the s of a spring u in the 
Richards Tadicator and the spring or elasticity of the 
Bourdon tube it will probably be found that in the former 
it is from five to ten times stronger to produce the same 
result ; if then a Richards indicator gives at times objec- 
tiouable undalations in the diagram how much more likely 
is the Bourdon tube to do so especially at high speeds or 
where — is a sudden cut-off, or even vibration of the 
engine 

r. McKay says that Kenyon’s indicator can easily be 
tested by other genre ; from my experience a very un- 
reliable method, while if you have a weight and a rule, a 
piston indicator can generally be accurately tested. 

In conclusion, I may say that if some engineers refrained 
from expending their time in rubbing the outside of the 
indicator with brickdust and oil, and devoted the same 
amount of time to cleaning the inside, we should probably 
not hear so many complaints about the bad working of the 
Richards indicator. 


June 8, 1830. 


To tug Eprror or ENGINEERING. 

Sin,—If a volley of words would tend to annihilate our 
friend ‘‘ Practical,” relative to his courteous criticisms on 
Kenyon’s indicator, he must needs surrender. As a dis- 
interested y, however, and one who has no desire to 
**injare”’ the tee, I think I am justified in saying that 
none of the denunciations offered by Mr. Kenyon’s dire 
a ee have been upset. 

‘o begin first with ‘‘ Fair Play,’’ a vague confession is 
made, that the ond of the Bou tube ‘‘ does not move 





Tam, Sir, yours, &c., 
J. RICHARDSON. 





exactly in a straight line, but in somewhat of a curve 
——— i g an involute,”’ and he then mysteriously 
ades toa “* coi i 


arrangement’’ said (curious), 
ined by actual experiment, which 
can entertain, no matter how 


I en — F weay Leomeniion farther be a fore ae 
remar' y ‘* Fair Play,” especially in the early 
his letter, which appear to be saterlanded with a Pri 
amount of egotism, and so far as regards the ‘ soet-an 
unintelligible diagrams procured from a Richards, we will 
pass that over with the reminder that this celebrated 
instrament has withstood the test of time, which unfor- 
a. | not ay A with — Kenyon’s, or is ever 

3 tanding its proclaim ection, which we 
are firmly assured has been oe after a lapse of 
years, and apparently in the eleventh hour. 

With your ission I will now have a word with Mr. 
Kenyon, who i lost heart at the beginning of 
this a. 7. illustration and description of 
his indicator place in your columns, I, for one, 
sincerely believed that the a Bourdon tube in 
Again 


sae Mr. Kenyon’s specification, I fail rs 





him, and was about to ask wherein lies the 

secret, but refrain from this query after being told 
that it simply relates to the ‘‘ beat sectional form of tabe,”’ 
and “ most suitable material,”’ which is ‘‘ the subject of a 
patent.’’ Hence “‘ the charm of novelty !’’ 

I will not for one moment contend with Mr. Kenyon 
concerning the wonderful dactility anc responsive behaviour 
of his last new tube, bat am prepared to say that I shall be 
delighted to give him an opportunity of ing it against a 
Ric! on @ locomotive, at all speeds, pressures, and 
grades of ex ion, or (if he prefers it) attaching it to 
the air eylinder of one of “ Sturgeon’s high-sp: con- 


. Mr. McKay lends a little humour to the discussion. 
That gentleman avows that sand or dirt med into the 
end of the tube would be goodnaturedly induced by vacuum 
to withdraw therefrom at each stroke of the low-pressure 
piston, and so on, but he is silent about other antics it 
might nay wt when applied to the non-condensing —- 
—— he bulk of foreign ingredients are most likely to be 
ound. 

I feel sorry for Messrs. Storey when they state that the 
existing design of instrament manufactured by them pro- 
hibits the passage of steam to and from the tabe in a legiti- 
mate manner, and co uently clashes with the humble 
suggestion thrown out by “‘ Practical.’’ 

W. WALKEs. 


P.S.—I cannot find the blue-book or any other record 
appertaining to Mr. Kenyon’s latest novelty. Can it be 
undergoing the four months “‘ provisional’’ period of gesta- 
tion which Mr. McKay affirms is so essentiil for the 
welfare of all patents ?—W. W. 

41, Talbot-street, Moss Side, Manchester. 





To Tae Eprror or ENGINEERING. 
Srr,—After ee Mr. Kenyon’s letter in ENGINEER- 
1NnG@ of the 28th ult., [feel bound to say that [ have not the 
hononar of his acquaintance, that I never avowed an inten- 
tion of injuring him, and that I never saw one of his indi- 


cators. 

It must be pleasing to him, knowing that he has an enemy, 
to find that he has also a friend, and [ beg to congratulate 
him upon the friendship of “‘ Fair Play,’’ sincerely trust- 
ing that the value of that gentleman’s friendship bears an 
inverse ratio to the value of his letter, 

Since writing my former letter I have had an opportunity 
of looking at the English specifications of Bourdon 
Schaffer, and Budenberg, and Mr. Kenyon’s. Minor and 
Rae’s American proens is dated December 26, 1876, No. 
of specification 812. 

In Bourdon’s specification there is a drawing of the in- 
dicator which | saw at Messrs. Elliott Brothers, and as the 

tent is dated December 15, 1849 (nearly 31 years ago), 

think the ag ae I Pah must - a older oom 5 
supposed it to be. In er and Baden ’s specifi- 
cation there is a drawing of the Richards roe motion 
applied to a Bourdon tube im much the same way as 

enyon applies it ; a long link takes the place of the short 
one, connecting the end of the Bourdon tube to one of the 
long bars of the el motion. I see that Mr. Kenyon 
claims ‘* the employment in such indicators of steam springs 
such as the Bourdon spring, and the Schaffer and Dewit 
diaphragms in lien of pistons.” What the improvement 1s 
which he has made in the spring does not appear. Perhaps 
Mr. Kenyon will be interested to learn that in the Loan 
Collection of Scientific Apparatus held at South Kensington 
in 1876, there was exhibited a diap m indicator with a 
very pretty motion. It was by Dr. H. Haedecke, Demmin, 
Pomeranig. ‘‘ Fair Play’’ says: ‘“‘The sine qué non of 
a perfect steam engine indicator is that the pencil shall 
move over ony wont distances for equal pressures, and 
that the card s' have a reciprocating motion coincident 
with that of the engine piston.” As to the pencil moving 
over equal spaces for equal pressures, it appears that 
Kenyon’s indicator pencil motion is not theoretically cor- 
rect. I did not see how it could be! 

Ido not understand how the motion of the card, being 
coincident with the motion of the engine piston, can be 
attributed to the perfection of the indicator. If this is an 
improvement made in the Bourdon tube instrument, it 
certainly is a most extraordinary and valuable one. But 
supposing an indicator was said to possess those two good 
qualities, I should require to be able to prove that such was 
the fact, and that those qualities, from the construction of 
the instrument, was likely to be lasting. Now, in the face 
of what R. T. McKay said in his letter in your last 
number, I beg to assert that a piston indicator may be very 
easily tested and adjusted, the diameter of the piston may 
be measured, the spring may be tested by dead weights, 
— the — ie motion vow Feel =) a a te decd 
the truth o! parts together may be tes dead 
es And I remember nothing - Le eeteentinnte 
which appeared in your pages some e e whic 
would lead to a con conclusion. be 

But what test have we for a Bourdon tube indicator? 
F testing one as Mr. R. T. McKay 8 ts “* with 
any description of steam pressure gauge’! I donot think 
that ever I saw two pressure i I have 
sometimes tested them with a Ric in r, and have 
found both gauges to be incorrect. And at a trial at Car- 
diff, some time ago, out of 62 gauges of several different 
makes which were tried, 39 were wrong. In these 62 there 
were seven Bourdons, and four out of the seven were wow 

a ° 


pressures 


no confidence in the di q 
Ayan tty 





tions, 

For the sake of a simple lead of cord and a direct supply 
of steam it is often desirable to use an indicator in a posi- 
tion where the piston moves horizontally. Now, the fact 
of water condensing in the tube would alone vent a 
Bourdon tube indicator being used in such — and 
if it mast be kept vertical, two bends are introduced and an 
imperfect lead of cord. In a Richards one may drop a 
— and it will get no o— bat I do not think a 

alloca tube woubd enum off oll at aset. I am inclined 
to regard the employment of the piston in an indicator as I 
do the employment of the piston in a steam engine, viz., as 
the most simple way of producing the desired effect—some- 
thing that has stood the only true test, time, and is not 
yet superseded. 

On very rare occasions I have been bothered by sand and 
grit in the cylinder of the indicator, and I have known of 
many who have complained of the indicator because they 
wanted experience in the use of it, and, therefore, had not 
sense enough to blow the pipes through and clean the in- 
dicator, 1 admit that burning one’s fingers when c i 


hanging 
the spring and cleaning an indicator (or in any other opera- 
tion) is by no means pi nt, rary od accidents chien 
have a fatal termination, and I am clearly of opinion that 
they would not be avoided by using the Bourdon tube. I 
have many times seen indicator pipes full of hardened 
grease Sart ies meee ete wag each ev chenls not 
also in the Bourdon tabes, if so they cannot be 
i , and who is AW se =o med are dirty 

or not, excepting perhaps Mr. R. T. McKay 

There is something rather curious in the times, given by 
this writer, that are necessary to c the springs in the 
two kinds of indicators. I consider Mr. ay must 
be rather “ spr to change the Bourdon tube in twenty 
— I find it —_ Ly —_ one — to , 

@ spring, wipe and oil the cyli piston of a 
Richards 4 indicator when cold. ee, if it really takes 
R. T. McKay five minutes to do the same work I can 
only conclude that he did not understand the operation. 
Though I — ; do not see that it matters whether a spring 
can be changed in twenty seconds or five minutes ; it is a 
point of no importance. 

R. T. McKay shoald, I thin!:, send his Richards in- 
dicator for repairs. It is, most undoubtedly, on its last 
legs, or at any rate ina very bad way. 

I am quite aware that, as a rule, the perfection of an in- 
vention generally obtains between the filing of the provi- 
sional and complete specifications. Mr. Kenyon’s case 
seems to be the exception (which proves the rule), as his 
improvements in the Bourdon tube indi seem to have 
been made after the filing of the complete specification. 

Your obedient servant, 
PRACTICAL. 


THE STEAM FLEET OF THE COMPAGNIE 
GENERALE TRANSATLANTIQUE. 
To THE EDITOR OF ENGINEERING. 

S1r,— We are surprised that Messrs. John Elder and Co. 
should have referred to us in their reply to the letter of 
** Scratator,” and that they should have thought it right 
to disparage the performance of our steamer while com- 
mending that of their own. We arein a measure com- 
pelled to reply, and for Messrs. Elder’s sake we regret this 
necessity, as we cannot do so without correcting some of 
their statements which may be unpleasant to them. 

Messrs. Elder’s letter implies (1) that no special effort 
was made to get the maximum a out of the Moise, (2) 
that subsequent to the trial of the Moise we in some way 
made a “‘ great feature’’ of the speed of the Charles Quint, 
and (3) that to obliterate the effect of this on the public 
mind they decided to show what could be done with the 
sister ship St. Augustin. 

As the Charles Quint trials of three days were over, and 
the reports, worded in the usual style of such articles, had 
appeared in the Glasgow Herald and North British Daily 

ail before tne Moise left . Elder’s premises, all the 
** features” we could make of the speed of the Charles 
Quint were made in plenty of time to be masked by the 
performance of the Moise. The only other communication 
to the re with which we had anything to do was 
sent to the Glasgow Herald in reply to a letter from a 
seemingly sceptical shipowner, and in this so far. from 
seeking to exaggerate, we corrected the "s rough 
etenent of the speed by reducing it from 154 to 15.11 

nots. 

Neither of these articles made any allusion to the per- 
formance of the Moise, and we could not have anticipated 
that Messrs. Fider would be irritated by anything they 
contained, unless indeed they gradge any measure of 
"Titer lees sented he seed 

ve c comparison, however, we 
not avoid it, and we shall briefly examine their statements 
as affecting tho relative performances of the steamers. 

No account of the triai of the Moise was published in the 
local papers, although the results were so satisfactory to yd 

e 








4 min. 8 sec., 4 min. 23 sec., 4 min. 4 sec., 4 min. 17 sec., 
4 min. 13 sec., and 4 min. 17 sec., giving a mean of 
14.105 knots. The contract demauas a speed of 14 knots 
during an eight hours’ trial, therefore the speed of the 
Moise was not a quarter of a kuot over the contract. 

The Moise had on board 28 tons less dead weight than 
the Charles Quint, which was 2 in. the contract 
draught, therefore the Moise could not have been 9 in. over 
the contract ht. 

The mean velocity of wind recorded at Glasgow Observa- 
tory on the day of Moise’s trial was 20.12 miles per hour, on 
the Charles Quint’s 15.7 miles. 
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It is true that our ship was docked and painted before 
trial, in accordance with our agreement, but the ‘‘ carefully 
smoothed” is gratuitous, the ship was neither rougher 
nor smoother than other ships coated with the same compo- 
sition. 

After expressing themselves pretty freely on the relative 
merits of their ships and ours, Messrs. Elder go on to say 
that they do not propose to enter into any discussion 
thereon, or they would enlarge on the much better results 
they obtained as regards economy of coal. Many of your 
readers will agree with usin thinking that consumption 
trials of six hours’ duration are not much worth, but as the 
proceedings were probably similar in the two cases, we n 
not seek, by depreciating the value of these trials, to 
deprive Messrs. Elder of any credit they can get out of 
them. It is obvious that expending about 230 indicated 
horse power more, and getting a knot Jess speed, was not a 
hopeful beginning, but if, in spite of this disadvantage, 
Messrs. Elder can show better results in economy of fuel, 
we shall be ready to concede to them their due. 

The performance of the St. Augustin was intended to 
eclipse that of the Charles Quint, and, therefore, we are 
informed she went 1} knots faster than the Moise with, 
according to one account, 269 indicated horse power more, 
according to another 51 indicated horse power less. It is 
not for us to explain this, butit certainly requires explana- 
tion. 

In conclusion, let us say that we have written you as 
above with the greatest unwillingness, and notbing short 
of the provocation we have received would have made us do 
80. essrs. Elder must not expect it to be admitted that a 
monopoly of knowledge of the shipbuilder’s art exists at 
Fairfield, and that it is only on sufferance that any other 
builders’ vessel appears more successful than theirs. There 
is not, as yet, any man so pre-eminent above his fellow 
craftsmen that he may give himself the airs of Sir Oracle, 
at the opening of whose lips all dogs must cease to bark. 

We are yours obediently, 
A. ano J. INGLIs. 








THE TAY BRIDGE PIERS. 
To THE EDITOR OF ENGINEERING. 

S1z,—When last addressing you on the subject of the 
Tay Bridge piers, in my two letters which appeared in your 
issues of the 5th and 13th Fe » my inquiry in the 
first letter was as to the sufficiency of the piers, supposing 
the columns to have been effectually bolted down to their 
foundations, and also effectually braced together ; in which 
case I showed that the piers would have been competent to 
bear a wind pressure of 40 lb. on the square foot. 

The encoun letter showed that a wind pressure of 23.7 Ib. 
on the square foot only was sufficient to tear up the wind- 
ward column if only held down with a definite weight of 
five tons. 

Since writing the above letters we have been made 
acquainted with many things not then known; and a 
the insufficiency of the anchorage of the columns, an 
also of the system of bracing between them. 

The whole construction of a pier having been intended 
to obtain such a connexion of its various parts as to cause 
it when strained to turn over as a whole around the base 
of the leeward column, I think it is very clear that the 
system of diagonal bracing employed was incompetent to 
secure such a result. 





The slight dimensions of the diagonal braces, only 4} in. 
by }in., together with their considerable len th, points 
out at once their unfitness to discharge any other t a 
tensile strain—a fact which in my opinion er pe the 
assumption of a pier turning over as one mass—to secure 
which it is absolutely essential that all diagonal braces on 
the compressed side of the piers’ neutral axis, should be 
strong enough to act as struts, #.¢., in compression. 

I think it may be put as a general —— that any 
oblique line drawn upon a soli "0 e a plank wholly 
upon the compres side of the neutral axis will, when 
under transverse strain, be shortened, as in Fig. 1, and 
that the trussing bars hiner d on the compressed side of the 
neutral axis of an assemblage of columns similar to the 
Tay Bridge piers, will also be shortened (see Fig. 2), and 
hence if not acting as struts, cannot be counted upon. 

The consequence of the absence of struts, as above, is 
to throw the extreme leeward column out of the system, 
as regards transverse strain upon the pier, although it still 
bears its proportion of the dead weight. It throws, how- 
ever, more strain upon the di braces, for where, if 
all the columns were duly at work, the strain u the 
braces would be (with me ee | of 20 lb. -_ 6 tons 
per square inch on the iy of the bar, and 8.38 tons 
through the slot, the strains in the latter case become 7.38 
tons and 10.19 tons. : 

It must also be observed that the effect of throwing the 
extreme leeward column out of the system, for transverse 
strain, throws more strain upon the extreme wind 


eed | to it 263 tons per brace. 





column, and to such an extent, as that while, if all the 
columns were properly in action, would be no tensile 
strain on the outer windward column, under the view above 
taken, there would be a tensile strain of 0.14 of a ton per 
square inch uponit, or of 9.24 tons upon its whole area. 

I may now refer to the strain to which the diagonal 


braces would be subject, were it possible for a pier to be | poin' 
verturned 


o en masse about the leeward column as a centre. 
The vertical component of the strain upon the braces be- 
tween the windward column and that next it would be 7.4 
tons per brace. Between the two next columns 16.8 tons 
per brace, and between the leeward column and that next 
If these strains are increased for 
the angle (taken at 45 deg.) they will become : 


‘ons per Brace. Tons per Square Inch. 
10.57 4.7 
24.00 10.66 


37.5 16.66 
We see, therefore, that the braces would be quite insuffi- 
cient to keep the pier in shape, even under the impossible 


assumption of its turning over as a whole. 

I append a conple of diagrams, illustrative of the views 
above expressed, where Fig. 1 is a view of a prismatic 
body like a plank, with the line A A as its neutral axis. 
Any oblique eet aaa, &., would become shorter when 
the prism is d > as . 2 shows an assem- 
blage similar to the Tay Bridge columns. For facility they 
have been all consi as in the same plane, which, how- 
ever, does not affect the reasoning. In the diagram 
all the inclined braces 6 b 6, &c. (when in the position re- 
presented with regard to the'neutral axis) will be shortened, 
and a cannot act as tensile forces. 

am, Sir, your obedient servant, 
Grora@z H. Purirrs, 


London, June 9, 1880. M. Inst. C.E. 


THE CELLULAR CONSTRUCTION OF 
MERCHANT SHIPS. 
To THE EpI102 oF ENGINEERING. 

§1r,—Mr. Lyall in his letter to you last week s, I 
‘* seem desirous to know why it was”’ he wrote you about my 

per. He is, ] assure you, quite mistaken. I have as 
Fittle curiosity about this as I have to know why he writes 
so many unintelligible sentences on the subject, why he 
misunderstood my paper, or why he misrepresents my 
letters. He seems still incredulous about the 100 vessels 
on the cellular double-bottom system, and I am not sur- 

rised at it. He asks for the names of three firms that 
Sone built a dozen ships each. As I had offered to 
account for the entire hundred to any shipbuilder who 
desired it, my first intention was tu ignore Mr. s 
frivolous combinations of three who had built a nD, 
ten who had built six each, or fifteen who had built four 
each. As, however, some of your readers might think 
there are some grounds for his persistence, it may be as well 
to state that Messrs. W. Denny and Brothers, Ddisteten, 
Messrs. Palmer and Co., Jarrow, and Messrs. E. Withy 
and Co., have her built and are building thirty-seven of 
these ships, which exceeds an average of a dozen each, and 
the two former are each above the dozen. Besides these 
there have been over thirty firms who have been engaged in 
building these vessels during the last two years, whose 
names I could give together with the number of ships they 
have each built, but I should not think of publishing such a 








list without in the first place obtaining their sanction, and 
this is not worth doing simply to satisfy the cagmenenses of 
Mr. Lyall. Indeed my own impression is that I have already 


que far more attention to his communications than they 
eserve. 
I am, Sir, your obedient servant, 


Witii1am Jox“N. 
London, June 16, 1880. 





THE AREA OF CURVED SURFACES. 
To THE EDITOR oF ENGINEERING. 

S1r,—The late Mr. Froude’s in tions have proved 
the great importance of the surface friction or skin re- 
sistance with the resistance of ships. The amount of this 
friction is, as is well known, proportional to the area of the 
wet surface ofa ship. It is clear that it is of great im- 
portance to evaluate this area. The different text-books 
of mathematics and naval architecture st largely on 
different modes of calculation of the area of plain surfaces, 
and the volumes of bodies when their ordinates are known, 
but they are silent about the problem I = to attack. 
I have tried to find a solution of the problem in the way by 
which the lete Mr. Simpson attacked the other problem. 

Starting from the following well-known principles, let 
the equation 


? y=f(e,2).  . . (1) 
be the equation of a certain curved surface, then 
Sf +r eyecas (2) 
dw d# 


represents the area of an indefinite portion of the area of 
the said surface, and if the integral be taken between 
ra limits the area of a definite one. 
The expression dytsayv\t 
1424 a) 
( + a ad 2? 





is of itself a function of « oe s Suppose 
dy? ,dy*\t_ 
vf ied (a +oV +t ares. . @ 
then the above integral may be written 
[P(e deds gh Sam (4) 


This expression represents the volume of a body limited 
by the curved surface represented by the equation : 
(3') 


yi=P (a, 2). P 4 . 


is last curved surface are known, a 
of Simpson’s rules suffices to find 


Suppose three successive — yf the curve 6) 
=jJ(@, 8%). . . . 

to a « being for’ the moment a constant, say the 

s=%n, e=0 


»Y=¥o 
8=in, @= Oe, y=, - + © 
tn, @=2ZAw, y=Yy 


Now let us describe an ordinary parabola of the second 
ee Covet Sees if the distance /A\ wis not 
too large, t bola will not differ materially from the 
given curve. The equation of this parabola suppose to be 

y = aa*+bare. . : =t>3(%) 
then, 

Yor 

Vy, =ahat+b Ae +e }: . ® 4% 

Yo =44 A wt+2bA ete 
further, > ss 

SY «x 

7 Zaetb. . -. o-~ oR 
or, 

@Yo—h 

i 

pua2aLe +b Sees iat Soap ate 

ih | 

ay, 

dp, =*e Serb y 


B reckoning well known from the demonstration of 
Simpson’ rules it is to be stated that 


By substitation : 





(12a) 


< wy ane sa (12) 
© Ys_Yo— SV F9 Ys 
de, 2a (12¢) 

These three equations afford us the means to evaluate of 


the successive points the value of SY, vis., formula (12a) 


for the begin ning point, i.e., (12c) for the end point, and 
formula (126) for aati intermediate Bn By apie 


In the same way the value of “ may be evaluated for 


every point. 
For every point now may be known the value of 
dy? dy*\t 
14-24 p*, 
( t d ed ‘) 
and as we have seen above, the value of the in be 
determined. meas 
From the above it will be readily understood that the 
steps to be taken to calculate the area of a curved surface 
are more in number, and require more intricate calculations 
than those for the calculation of the volumes; this is the 
consequence of the more complicated form of the in’ : 
It is unknown to me that this or another mode of u- 
— of the area of curved surfaces has ever been pub- 


we Hvan Murersy, Engineer, Dutch Navy. 


METRIC SYSTEM OF MEASUREMENT. 
To THe Epiror or ENGINEERING. 

S1z,—I should be much obliged if any of your numerous 
correspondents would give me some information on ‘the 
following matters in with the above subject : 

1. Are there any makers of templates, taps, and dies on 
the metric system? Name and address required. 

2. Where can I obtain a list of the sizes mostly in use, 
10 aan hes sadameatiie ane 

ere any m es of areas, circumferences 
&c., published in English? Please give title and publisher. 
4. Is the system used by any mechanical engineer of 


—— > England ? 
king your correspondents in anticipation for their 
answers, Tam ne yours, 

N OLD SusscriBer. 








THz TempLeTton Funp.— We have pleasure in ac- 
ging the following contributions to the fund which 
ormed for the of the Templeton family. 
Amounts mpecined, Ly Ener nmanane £s. d, 
already acknowledged ies “a. ss Bie 
8.1. A., Madras... ... se i. ee 
Mr. James Moir, Colombo _... oo es 2 O 
Amounts received by Mr. Joseph 
Newton, and ly acknowledged 21 3 0 
Tue STUDENTS OF THE INSTITUTION oF CIVIL EN- 
GInuERS.—The fifth annual dinner of the students of the 
Institution of Civil Engineers was held at St. James’s 
Restaurant, Piccadilly, on Wed June 9, Mr. W. H. 
F.R.S., President Inst. C.E., in the chair. The 





Barlow, 4 

chairman in g “The Students’ enumerated the 
advantages offered by the students’ class of the Institution 
to young engineers for observation and self-instruction. 
Mr. C. RB. Parkes, as the senior student, 


rome and 

amongst the were Mr. Dockham, ‘eesor 

aovene and Mr. Chatterton. The meeting was the most 

paces ul and numerously attended which has hitherto been ’ 
eld. ; 
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Tue frequency with which serious breakdowns at sea 
are caused by the fracture of screw shafts is a matter of 
notoriety, and there appears to be little doubt that in a 
number of cases these fractures arise from the rigidity of 
the series of lengths of shafting as coupled up by the 
flange couplings generally used. 

The flexure of the stern part of the hull of a vessel 
which takes place ina heavy seaway, or which is induced 
by alterations in loading, involves, under ordinary circum- 
stances, the corresponding flexure of the screw shaft, 
except in so far as this is relieved by the slackness of 
the bearings, and this flexure combined with the rotary 
motion of the shaft (which causes the direction of flexure 
to be continually changing) undoubtedly exercises a de- 
structive influence on the shaft itself. Of course, the 
extent of the injury thus inflicted depends upon many 
things, such as the greater or less rigidity of the vessel, 
the accuracy with which the shaft bearings are arranged, 
and the material of which the shaft ismade. Steel shafts 
probably suffer less than iron, not only from the increased 
resistance of the material but also from the fact that the 
use of steel allows of a somewhat smaller diameter of 
shaft to be used for a given power, the injury inflicted by 
a certain deflection in this smaller shaft being, of course, 
less than in a larger one. 

To get over the trouble to which we have alluded, 
Mr. 8. W. Snowden, of Dublin, proposes to place on the 
line of screw shafting one or more flexible joints which 
will enable the shaft to adjust itself to the springing 
of the vessel, and he has designed and patented for this 

a special form of joint, of which we now annex 
ftiustrations In our engravings, Fig. 1 shows a length 
of screw shafting fitted with two of these joints, A A, 
one at each end (although it would probably be desirable 
to fit the joints at some intermediate points also), while 
Figs. 2 to 5 show the details of the joint itself. Of these 
latter views, Fig. 2 is a longitudinal section of one of the 
ball and socket joints ; this section is taken on the line 
B B, in Fig 8, which is a plan of the ball and socket 
joint ; Fig. 4 isan end elevation of the joint; and Fig. 5 
is a section on the line C C, Fig. 2. 

In the detail views ais a ball fixed upon one portion of 
the shaft, the end of the latter being coned to receive it. 
The ball is secured to the shaft by a key or keys, and a 
nut is screwed on to the end of the shaft, filling a recess 
formed to receive it in the ball. The ball fits a cup 5), 
which is formed in two parts firmly held together by 
bolts, one part being fixed to the adjoining length of 
shaft by a collar 0’, ye ooter » —e to 4 cor- 
respond collar upon the shaft by bolts, as shown. 
The ball = hes upon it four projections a! a’ a! a', which 
receive upon them the four driving blocks cc cc. These 
driving blocks enter into co ding recesses in the 
cup 6, which recesses they fit with just the amount of 
slackness to it the necessary play ; while 4" 4" aro 
cover plates bolted on to close the recesses containing 
the driving blocks. These cover plates can be removed 
at any time when the driving blocks require alteration 
or renewal. 

It will be seen from the noes 
Snowden’s flexible joint is one easily 

that large bearing surfaces can be provided for 
the tfansmission of the power through it, a point in which 
ordinary universal joints are deficient. © cup could 
well be formed by steel , and the one half of the 
cup will of course form a substitute for the ordinary 
flange coupling at the end of the shaft where it is fixed. 
We may add in conclusion that the flexible joint we have 
been describing is being introduced by Mr. J. H. Hack- 
worth, of Mildmay Chambers, Old Broa i-street, E.C. 


description that Mr. 
made, while it is so 
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SNOWDEN’S FLEXIBLE COUPLINGS FOR SCREW SHAFTS. 


Fig.?. 





















































WORKING FRENCH PATENTS. 
Many of our readers who have suffered from the short- 
sighted policy embodied in the French Patent Law, in 
tion to ee inventions, will, we think, read with 
satisfaction the following correspondence to which we 
willingly give publicity : 


(Copy-) 
** The Office for Patents, 66, Chancery-lane, 
June 2, 1880. 
“To the Right Honourable the Earl 
Granville, K.G., &e. 

“My Lord,— While negotiations are proceeding for the 
renewal of the treaty of commerce with France it may be 
opportune to bring before the notice of the French Minister 
a matter in which the interests of both England and ce 
are concerned, arising out of one of the provisions of the 
French Patent Law of July 5, 1844. 

r “By that law the ie « 9g He —— petveie’ in 

rance is virtually prohibited ; penalty of importation 
by the aarp ons the — rf hy _. *. 
consequences of this provision may Guiein re- 
ference to the most recent case which has come under my 


** A client after great and long sustained labour extending 
over some sixteen years hid completed a machine for 
sewing boots and shoes, the qualit ing such 
as to gain the approval of the British Government. In 
order to manufacture these machines s the erec- 
tion of a large plant was needed, involving considerable 
yen and — the constant supervision of me- 
chanical ex ‘ 

** By means of this plant the sewing machinery is made 
on what is known as the ‘interchangeable’ rinciple, which 
was imported from the United States,and is now carried 
out in all the gun factories of the United Kingdom. 

‘* Machines thus made are being rapidly introduced into 
the boot and shoe trade of the United Kingdom, and a 
demand has set in from 


patent; and French 
manufacturers have, ‘ore, to wait until it shall be the 
interest of the patentee to establish at great cost in France 
a second manufactory for his machines. Meanwhile, the 
inducement for eneing 98 Sie wently poration is 
Seslecyed ty the guovidon of Patent Law which prevents 
the French manufacturer from appreciating the invention 
at his own doors. 
“ The French therefore, na‘ suffers, and will 





F 


continue to do so perhaps during the w existence of the 

















© —_ 9 


French patent, because the English inventor dares not im- 
port machines for the use of the French trade. 

‘* I may remark that, although the law contains a provi- 
sion compelling the inventor to keep his patent in use, that 
provision is legally complied with by the occasional working 
of a single machine, introduced under an order of the 
Minister of Agriculture and Commerce. 

‘From the ne am explanation it will be understood 
that by a modification of sec. 3, art. 32, of the French Law 
of J ‘4 5, 1844, t advantages will accrue both to 
English and French manufacturers, and the very object of 
that section, viz., the early establishment in France of 
new manufactures, will be advanced ; as the creation of a 
demand for a given article is the surest way of inducing 
the patentee of that article to manufacture it near his 


market. 

** Trusting that pus Lordship will see in. the above re- 
marks matter worth bringing to the notice of the French 
authorities, 


**T remain, my Lord, your Lordship’s 
most obedient servant, 
(Signed) “A. V. Newron.” 


(Copy.) 
. : sy. potas Ole, June 4, 1880. 

‘* Sir,—I am directed by Earl ville to acknowledge 
the & of letter of the 2nd inst., ing the 
desirability of obtaining a modification of sec. 3, art. 32, of 
the Patent Law of July 5, 1844, and I am in reply 
to state to you that the matter will be ¢@ in mind in 
any commercial negotiations between this country and 


ce. 
**T am, Sir, your most obedient humble servant, 
(Signed) ** CHARLES W. DILKE.”’ 





Derences OF Port Putt.1r.—The Victorian Minister of 
Public Works, accompanied by Colonel Scratchley and a 
number of other gentlemen, ins the Port Philip 

r defences. Swan Island, which has recently been 
the Victorian Government as a site for a fort 
West Channel, in accordance with a recom- 

Willi ervois, was first visited, and 
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STEEL LAUNCH FOR EXPLORATION 


IN CENTRAL AFRICA. 


CONSTRUCTED BY MESSRS. FORRESTT AND SON, LIMEHOUSE, 
Fig.7. 








In a recent number (vide page 408 ante), we mentioned 
that Messrs. Forrestt and Son, of Limehouse, had recently 
completed to the order of Colonel Stranch, representing 
the Belgian Association for the Exploration of Central 
Africa, three vessels built in sections, these being a 
whale boat, a steel lighter, and a steam launch. Of the 
steam launch we now give engravings. 

The launch, which is 25 ft. long, 5ft. beam, and 
2 ft. Gin. deep, is constructed in seven sections. The 
frames are of steel angles, 3in. by 2in. by No. 12 W. G., 
bent in one piece from gunwale to gunwale, every third 
frame being double where the hull is divided. There 
are three double water-tight bulkheads, one at each end, 
and one between engine and boiler, the other divisions 
being formed by double frames without plates. The 
keel is of bar steel, 1} in. by }in., stem and post the 
same, The after post is formed with a double tongue at 
the bottom, which fits on to after end of keel; the top of 
the post is fitted to a socket under the counter, The 
boat has a gunwale bar of steel, lin. by 2in, by No. 12 
W. G., extending all round outside the shell plating; an 
American elm rubbing piece is securely screwed to this 
angle. Both the angle and wood are divided at the 
several joints in the bull. 

The hull is plated throughout with No. 24 W. G. steel 
plates with single-rivetted laps and double-rivetted butt 
straps. Both angles and plates were all galvanised be- 
fore being worked. The extremo fore and after sections 
are decked over with teak, having a small water-tight 
hatch to admit of their being used as lockers. Teak 
seats are fitted at the sides supported by brackets, and 
one thwart aft for the steersman. An awning is fitted 
over the hull, supported by a light framework of gal- 
vanised iron. 

The connexion of the various sections is made by nut 
and screw bolts passing through the double frames; a 
piece of india-rubber moulded to the shape of the frame 
is placed between, and the bolts are screwed up with two 
nuts and a washer. 

The engine is a single inverted direct-acting, 5in. by 
5 in., being constructed so as to be readily taken to pieces 
for transport over land. The boiler is of the vertical 
type, being constructed of steel. The firebox is made 
separate, the boiler resting upon it. There is a joint in 
the middle of the boiler, and also at the top; the tubes 
can also, if necessary, be taken out, so that the boiler can 
be divided into a number of parts, no one of which shall 
— a load for two bearers to carry between them upon 
a pole, 

This steam launch will accom an explorin + 
of about 150 men led by sey = llc. 4 risen 








NORTHERN CRUDE IRON TRADE, 

Tue condition of the crude iron trade of the North 
cannot be considered an entirely satisfactory one; but 
the most remarkable feature about it is the extremely 
irregular state of prices, both of iron and of the raw 
materials. It is true that as contracts expire this is 
being remedied; but it is tolerably certain that at the 
present time there is such a variance in the prices that 
are being received by the makers for pig iron as is rarely 
known. Some contracts aio now ex: for crude iron 
at 3/. per ton, or over 1/. 38, above the market rate, but 





they are accompanied by a very high cost of production 
in a few instances. The rapid fall in the price of pig 
iron and also in that of coke caused this s 
and as contracts are being renewed on a lower level it is 
being reduced, whilst the slight tendency of prices 
upwards is also assisting in the renewal. But it cannot 
be denied that tho fall in the demand for crude iron for 
the United States has already registered its full effect 
on the prices, though it is possible that it may be in the 
future known through diminished uction also, As 
the price of pig iron advanced in the North of England 
under the influence of that inflation of demand known 
at the end of last year, there was a rapid rise both in 
prices and in the extent of the output of crude iron; 
and had it not been for the increased requirements of 
the local shipbuilding trades, the fall in prices within 
the last two months would haves been before this followed 
by a decline in the extent of the production also. But 
the large demand for plates and angles has caused stocks 
of pig iron in the hands of makers to decline, and up to 
the present tt may be said that there is a demand up to the 
production, so that a restriction of the output from this 
cause is not yet probable. It may, however, follow from 
another cause. 

A large number of the furnaces in the North of Eng- 
land, and especially in the Middlesbrough district, may 
make iron to profit even at the present low range of 
prices. Some of the owners of these own also the coal 
mines that supply fuel, iron mines, and limestone quarries 
for the flux, so that there is only the addition to cost of a 
percentage to the wages of the ironstone workmen and 
furnacemen, and of the addition to the cost of carriage 
made at the beginning of the present year. But many 
of the furnaces are not worked under these conditions, 
And where the owners do not own thecontributory mines, 
and where the furnaces are situated at a distance from 
the latter, or from the sea coast, they cannot be expected 
to produce iron so cheaply as those more favourably 
situated. It is to be expected that if path seme e 
of prices long prevail there will be a reduction in the 
output by the teva out of some of the more isolated 
furnaces. If, however, a renewed demand for pig iron 
were to set in from the United States or from any 
other quarter, with the present balance between the 
demand and the supply, an increase in prices would be 
probable, which would force up prices till they were gene- 
rally profitable. During the first five months of the 
spa year, the total production of pig iron in the Cleve- 

d and Durham district was in round numbers 1,000,000 
tons—an unparalleled output—and as that was attained not 
only with no increase in the stocks, but with an extensive 
fall therein, it is certain that any present addition to the 
demand would force up prices. It is true that there is 
a reserve of productive facilities yet uncalled into action 
—to the extent.of about forty blast furnaces in the whole 
of the northern district; but a large number of these 
furnaces are so placed that it is impossible to light them 
up early. Companies owning one-half of these furnaces 
are in liquidation, and their works could not be started 
for many months. With the low level of prices now 
attained, then, any fall in demand would be reflected by a 
declension in the output; and any increase in the demand 
ee ee early followed by a rise in the 
prices. In this fact, then, is the key to the future 





condition of the crude iron trade of Cleveland and 
Durham, if it be concurrently remembered that there is 
a larger production of hematite iron, and thus a larger 
ag wos locally—a larger consumption, that is, in 
the locality of the quantity of iron of all kinds uced 
in the district. It is very doubtful whether the tide will 
turn in the one direction or the other; but it seems to be 
most probable that there will now be an addition to the 
demand from the United States, though pees on & 
much more limited scale than that which now been 
almost entirely gratified. It seems to be clear that 
English iron can, despite the heavy duty, be landed in 
the United States cheaper than the native metal can be 
produced ; and whilst this is the case it is almost certain 
that there will be a continuance of shipments from this 
country. When the great bulk of. the iron that has 
recently been sent to America was contracted for, the 
prices here were at a very low ebb, and as prices rose new 
orders became less, though in fulfilment of these old 
orders there was an increasing shipment. Now that what 
may be considered the lowest range of prices are 
reached, there are renewed inquiries from the United 
States both in Cleveland and in Scotland, and these are 
tolerably certain to result in new contrasts. It may be 
taken, then, as the most probable future course of the 
trade, that a slow upward movement will set in. Slow, 
because the facilities of production in use in the North 
of England and in Scotland are very much greater now 
than they were when the demand previously set in; and 
this being so, and the supply having hitherto allowed 
of very large shipments to the United States, these 
large shipments may still be made without derange- 
ment of the balance between supply and -demand that is 
supposed at the present to exist. Should this prove to 
be the case, the fall in the stocks that has been known 
in the Cleveland district d the greater of the 
year may be expected to continue, and with that iall 
there would be the movement upwards in price which 
we have indicated as probable. A short time will show 
the movement of the tide, but its s will not be so 
great as on the last setting in of the flow, 





ENGINES OF THE 8S. “GRECIAN.” 

We give this week another two-page illustration show- 
ing details of the engines of the Pra eee constructed 
by Messrs. W. Doxford and Sons, of Sunderland. We 
pose next week to complete our series of ill 
of the machinery of this vessel, and we shall then describe 
the engines fully, 


NOTES FROM THE SOUTH-WEST. 
North Wales Slate Trade.—The men employed at 
Corris Slate beg Merionethshire, were on Tues- 
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and Co. ; to ( legar 
" Pig, to New York, 746 tons by the Forest 

iteel Company ; bars, to the same place, 76 tons 
by Mr. W. G. Edwards ; spiegel, 100 tons by the Dowlais 
; and rails, tons by the samefirm. The 

patent fuel trade has not shown the improvement which 
was e , and in consequence prices have not been so 


Newport.—Large as the Alexandra Dock is, its iy 
bilities are taxed to the utmost to find berthing room for 
large steamers. During the past week several vessels 
arrived with timber. An American vessel sailed for Yoko- 
hama (Japan) with 1228 tons of coal, 1000 tons of coke, 
and 60 tons of iron. The quantity of iron ore received last 
week was less than usual, viz., tons. The quantity 
of iron exported was 1555 tons ; and of coal sent over sea, 
22,537 tons. 


Pen Lan Colliery, Maesteg —At a new level opened in 
connexion with this colliery, the manager has struck upon 
a second seam of . The upper seam is only a few 

from the surface, and dips in a north-easterly direc- 

ion. This seam is so thin that it could not be worked with 

a profit. The seam struck this week, however, is thick, 

and can be fitably worked. The coal is brilliant in 
appearance, brittle, and is said to be excellent for coking. 


The Tin-Plate Trade.—We learn that notices to termi- 
nate contracts have been posted not only at the works of 
the Llansamlet Com , but at a majority of the tin-plate 
works in the Neath alley. The advance of w lately 

ted to the men is by many persons declared to have 
m premature. The subsequent relapse in the price of 
itoalehes has rendered it doubtful whether it can be per- 
manently maintai is likely to be a movement 
shortly among the masters in favour of a general reduction 
of the make, and in that case the men would be asked to 
submit to a corresponding reduction of w Altogether 
a feeling of uncertainty and anxiety prevails. 

South Wales Coal and Iron.—The Welsh coal and iron 
exports for May were by no means so large as those for 
—_. and from the South Wales ports there was a con- 
siderable falling off as compared with May, 1879. From 
Cardiff the coal shipments to — ports last month were 
406,558 tons ; from Newport, 91, tons ; from Swansea, 
62,110 tons; and from , 5752 tons. The shipments 
of coal for , 1879, were: iff, 432,289 tons; New- 
port, 101,415 tons; Swansea, 61,410 tons; and Lianelly, 

1 tons. The coastwise shipments of coal last month 
were: Cardiff, 75,801 tons; Newport, 74,947 tons ; Swan- 
sea, 56,966 tons; and lly, 14,054 tons. The coastwise 
shipments for May, 1879, were: Cardiff, 69,096 tons ; 
New 89,487 tons ; Swansea, 54,143 tons ; and Llanelly, 
12,591 tons. The shipments of patent fuel iast month 
were: Cardiff, 8803 tons ; Swansea, 18,105tons. The iron 
shipments last month were : Cardiff, 17,260 tons ; Newport. 
18,352 tons; and Swansea, 1259 tons. Of rails shipped 
from Cardiff, over 12,000 tons were shipped to New York ; 
and from Newport over 7000 tons of rails, principally steel, 
were shipped. 

The Forest of Dean.—The coal and iron prospects of this 
district have not improved. At the pits, as well as the 
furnaces and iron mines, the employés are upon short time. 
There are considerable stocks of pig iron, and owing to the 
falling off in the demand for tin-plates a diminution of 
production has been brought about. On Saturday some 
of the horses of the Parkend Coal Pomgens ‘were sold by 
public auction at Gloucester. It is stated that some of 
these animals had been working in the collieries for nearly 
20 years. 

The Welsh Iron Trade.—Rhymney is sending off large 
quantities of iron rails to New York, and Dowlais is making 
similar deliveries to New York and Philadelphia. Cyfarthfa 
also is keeping on with tolerable regularity. These results 
are uced the fact that wages being low in South 
Wales, the Welsh ironmasters have been enabled to com- 
pete successfully with Scotland and Cleveland. Dowlais is 

airly —— with orders for spiegeleisen for the United 
States. new furnace is being erected at Treforest and 
another at Hirwain. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The New Filey Harbour.—It has been deci to apply 
to Parliament during the present session for consent to a 
Bill authorising the construction of a new harbour at Filey. 
Messrs. Lake and Taylor have signed the contract, and as 
soon as the — are ee 7 hoy work my ee ee | 
It is ex e i wi begun in Angust, an 
twelve months Sif *be oon occupied in its completion. The 
project bas been on hand for many years. 

Liberality of the Clothworkers’ Company.—The Wor- 

i Com of Clothworkers of Renbes tas presented 
a B0b0L. towards the Bradford Technical School. 
The Clothworkers’ Company represents one of the oldest 





and wealthiest in the kingdom. It was 
founded in 1480 by Edward IV., and contributes no less 
i i and general 


than 10,0001. a year in aid of 
education. 


depression in the coal trade, and during the past few 
days there have been several failares in it. Messrs. E. Sut- 
eliffe and Sons, of Havercroft Main Colliery, have now 
filed a petition for liquidation with liabilities of about 90001. 

Improvements at Sowerby Bridge.—Mr. Robert Mo: 4 
C.E., has held an inquiry at Sowerby Bridge on of 
the Local Government Board as to a sewage scheme pro- 
posed to be adopted by the Local Board in lieu of the 
rT system which pollutes the River Calder. The 

has to providea a r system for the disposal of the 
town’s sewage, under t ivers Pollution Act. The total 
cost of the scheme P will be 15,1431. There isa 
st opposition, and the inspector’s report is awaited 
with interest. 

Great Decrease in the Coal Traffic to London. — The 
mining interest of this district is suffering severely, and 
one reason is the great —. off in the metropolitan 
demand. Best Silkstone coal during the past month has 
only realised 21s. per ton in London delivered to consumers. 
The carriage from here by the Great Northern is 9s. per 
ton, terminal charges and carting about 4s., and this only 
leaves 8s. per ton net to be received by the South York- 
shire mineowner. April to June, 1871, was the last time 
when Silkstone coal was supplied in London at this figure. 
There is no wonder, considering the rates charged on coal 
traffic to London, that the coal proprietors here favour any 
railway scheme which will break through the monopoly 
from which they are suffering. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MiIppLEsBRouGH, Wednesday. 
The Cleveland Iron Market.—Yes' y there was a 
fairly good attendance on ’Change at Middlesbrough, but 
there was not much business done. Advices from Glasgow 
showed that the market there was rather firmer, and before 
the close of the Cleveland gathering there was a perceptible 
improvement in the quotations, No. 3 pig being 37s. per 
ton. Actual transactions took place at 36s. 9d., although 
sellers offered only 36s. per ton. It was found that Messrs. 
Connal and Co., the warrant storekeepers at Middlesbrough, 
had a stock of 88,100 tons, and that they were receiving 
about 300 tons daily. At Glasgow their stock stands at 
446,172 tons, and they are receiving there about 200 tons 
daily. For prompt delivery No. 3 Cleveland pig is certainly 
in request, and No. 4 is so scarce that buyers have to 
pay nearly as much for it as they can buy the higher 
quality for. 
The Finished Iron Trade.—There is no alteration in the 
finished iron trade. Prices are the same as last week, and 
manufacturers continue to be fairly well employed although 
very little new work is coming to . Consumers appear 
to be waiting for lower rates. In that expectation they 
may be disappointed, for it is difficult to see aw pe iron 
in this district can long remain at prices much below 40s. 
per ton. If it were not that a few failures in different 
parts of the coun bad somewhat shaken confidence, it 
might have been said that trade during the past week had 
generally speaking somewhat improved. 
Engineering and Shipbuilding.—On the banks of the 
northern rivers there is a great deal of activity. A la 
number of splendid steamers are being constructed on the 
Tyne and Tees, and the marine engine builders at New- 
castle, Gateshead, Sunderland, and Stockton, are kept hard 
at work. 





the coal and coke trades, and prices remain about the same 
as they were last week. 

The Cleveland Mines.—The production of ironstone is 
very great, but at some of the mines it is being lessened, 
the output in fact being more than the owners require. 








NOTES FROM THE NORTH. 
Guascow, Wednesday. 
Glasgow Pig-[ron Market.—The warrant market showed 
further strength last Thursday, and in the forenoon there 
was a gain of 1s. 1}d., but the close was weaker, and the 
in on the day was reduced to 7d. per ton. Business was 
} oot during the forenoon at from 46s. 6d. to 47s. 6d. cash, 
and the close was sellers at 47s. 7d., and buyers at 47s. 6d. 
eash. Inthe afternoon from 47s. 6d. down to 47s. were the 
quotations, and at the close of the market there were sellers 
at 47s. cash, and buyers offered 1}d. perton less. Friday’s 
market was weaker, and prices came back ls. per ton; 
still the week closed 7d. per ton over the prices at the close 
on the preceding Friday. Business was done in the morning 
at from 46s. 94. to 45s. 9d. cash, and tlie close was sellers 
at 45s. ild. and buyers at 45s. 10id. In the afternoon 
from 45s. 9d. to 46s. cash were the quotations, and the 
market closed with sellers at 46s. and buyers at 45s. 103d. 
cash andone month. The advance in the price of warrants 
brought on some buying from makers, who advanced their 
uotations about ls. per ton. There was some dulness at 
the opening of the warrant market on Monday, but an im- 
provement snbsequently set in, and the market closed with 
an advance of 6d. per ton over Friday’s close. There were 
transactions during the forenoon at from 45s. 8d. to 46s. 44d. 
cash, and at the close sellers were asking 46s. 6d. 
cash, and buyers were offering jd. more per ton. Quota- 
tions varied in the afternoon from 46s. 9d. down to 46s. 6d. 
cash, and the close was sellers at 46s. 7d., and buyers 
at 46s. 6d. cash. The market was very strong at tho 
opening yesterday, and in consequence of the scarcit; 
of warrants a further advance in price was obtained. 
Warrants for present delivery were selling at 14d. over the 
quotations for one month. i place 
in the morning at from 46s. 5d. to 46s. 10}d 


e transactions took 
cash, and 


The Coal and Coke Trades.—There is no alteration in | 4 


with sellers at 47s. cash and 46s. 10}d. one month, and buyers 
at 46s. 10}d. and 46s. 9d. cash one month ively. 
The quotations in the afternoon were 46s. 11d. to 47s. 4}d. 
cash ; and at the close of the market there were sellers at 
47s. 5d. cash, and buyers at 47s. 4d. The market opened 
this forenoon very steady, with buyers at 47s. 6d. and 
sellers at 48s. A large amount of business was done at 
47s. 9d. cash, and an improvement gradually took place to 
483. 3d. cash paid, the price returning to 48s. 2d., and 
the market closing at 48s. 3d. cash or on: month fixed 
sellers. The market again opened firm in the afternoon at 
48s. 3d. to 48s. 43d. cash, at which a considerable amount 
of business was done. It afterwards became easier, and 
48s. down to 47s. 6d. cash were accepted, the close being 
firm again with — offering 47s. 73d. cash and sellers 
asking 47s. 8d. There has m rather more businese 
doing lately for home consumption ; in the Continental de- 
mand, however, there is no improvement evident, and the 
American demand has fallen off to only small lots of special 
brands. So long as there is an absence of a solid basis to 
rest on, as is the case at present, it does not seem that there 
can be any permanent wf seme in prices. Shipping iron is 
somewhat steadier in demand, and a fair quantity has 
recently changed hands. The number of blast furnaces 
now in active operation is 115, as compared with 90. at this 
time last year. At the end of last week the stock of pig 
iron in Messrs. Connal and Co.’s public warrant stores was 
445,672 tons, thus showing an increase for the week of 
1232 tons. The shipments from all Scotch ports last week 
amounted to 11,660 tons, as against 6156 tons in the cor- 
responding week of last year. 

Ayr Town Council and the Employers’ Liability Bill. 
—At a meeting of Ayr Town Council, held on Monday, 
Provost Steel suggested that the Council should petition 
unanimously against the Employers’ Liability Bill, which, 
he said, would ruinemployers under certain circumstances. 
This summary process with the Bill was, however, objected 
to by certain of the councillors, one of whom said that the Bill 
gave employers power to protect themselves ; while another 
—remembering that the world was not constituted solely of 
employers—said that working men did not think the Bill 
went far enough to meet their case. Finally, it was 
Peo to discuss the Bill at a special meeting of the 

ouncil. 


Important Shipbuilding Contract. — Messrs. Robert 
Napier and Sons have been entrusted by the Admiralty 
ith the construction of the hulls and machinery for the 
three fast steam cruisers of the Iris type, which the Ad- 
miralty propose to add to Her Majesty’s Navy. These 
vessels, which will be named respectively the Leander, 
Pheeton, and Arethusa, are to be built of steel, and are 
designed to attain a high rate of speed, with a very large 
coal capacity, on a displacement of about 3650 tons. The 
engines will be of the horizuntal compound twin-screw type, 
capable of indicating 5000 horse power. This contract is 
an important one, and it is understood that the work will 
extend over a period of two years. There was a keen 
aeetien for the contract both on the Clyde and else- 
where. 


Patent Law Reform Agitation.—An active movement 

been commenced in Glasgow in support of the Patent 
Law Amendment Bill which Mr. George Anderson, M.P., 
has brought before the new Parliament. Sir William 
homson ; Mr. James Young, of Kelly, F.R.S,; Pro- 
fessor James Thomson, F.R.S.; Mr. Isaac Whitesmith ; 
Mr. James Robertson; Mr. Adam Knox, and other in- 
ventors and patentees, are taking part in the movement. 

special meeting of the Philosophical Society of Glasgow 
will be held to-morrow for the consideration of the subject ; 
and it is not unlikely that the Glasgow Chamber of Com- 
merce will heartily fall in with the movement for reform in 
the patent laws. The inventors and patentees have re- 
solved on sending memorials to the law officers of the Crown 
and petitions to Parliament. 


The New Harbour Works at Ayr.—The work of reclaiming 
from the sea to the northward of Ayr Harbour, the portion 
of the foreshores, and the formation thereon of the ground 
necessary to carrying the lines to connect the dock with 
the railway systems, has now been accomplished. For 
practical the work was completed early in spring, 
the lines having then been laid down and the traffic con- 
ducted over them ; but all the ground had not been re- 
claimed, nor were those parts of the embankment already 
completed, sufficiently protected from the probable inroads 
of the sea. All this now been done, hewever. The 
seaward slope of the embankment has been faced with a 
coating of stones and slag, adequate to resist the force of 
all likely incursions from the sea, nothing need occur 
to interrupt the shipment of minerals, which is the |most 
important item in the trade of the harbour. The harbour 
is now furnished with appliances and accommodation 
adequate to the carrying on of a very extensive trade ; and 
when the new | Rove about to be proceeded with, is in 
operation, it will be no exaggeration to point to Ayr Harbour 
as one of the most completely equipped in the country, and 
capable of meeting the exigencies of the trade in the district 
should that expand to more than double its present pro- 
portions. 











Sr. Pauu.—The Northern Pacific Railroad Company has 
secured nearly 20 acres of ground at St. Paul, Minnesota, 
ay began work on a handsome building which 
head-quarters of the company’s army of 
officials. A mammoth freight-house is also to be begun in 
ime. The Chicago, St. Paul, Minneapolis, and 

Omaha Railroad Company is building shops on 40 acres 
of land, which it has secured for the purpose, besides which 
a fine building has been ned for head-quarters. The 
Chicago, Milwaukee, and St. Paul Railroad Com will 
also build immense freight-houses on the river bank, 1800 ft. 








Failuresin the Local Coal Trade.—We hear of great 


closing 


from 46s. 4}d. to 46s. 10d. one month, the market 





long by 100 ft. wide. 
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NOTICES OF MEETINGS. 

PHYSICAL SOcrETY.—Saturday, June 2th, at 3 pm. The 
following communications will be made: ‘On a Modification of 
Bunsen’s Calorimeter,” by Dr. Balfour Stewart, “On Magneto- 
electric Induction,” by F. Guthrie and C. V. Boys. “Exhibition of 
Star Spectra,” by W. ogee “On the Refraction Equivalents 
of Isomeric Bodies,” by Dr. J. H. Gladstone. 

AERONAUTICAL SOCIETY OF GREAT Baitain.—Monday, June 21st, 
at the Society of Arts, Adelphi, for the reading and discussion of 
ape and generally for the advancement of the Society's interests. 

e chair will be taken precisely at 8 pm. 
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CORRUGATED BOILER FLUES. 

On the 29th of March, 1878 (vide ENGINEERING, 
vol. xxv., page 245), we described the test of a cor- 
rugated boiler furnace tube, and also a plain iron 
flue, both made bythe Leeds Forge Company, of 
their best Yorkshire iron. The plain flue collapsed 
under much less pressure than was expected from 
Fairbairn’s experiments on small tubes, while the 
corrugated flue was twice as strong as the plain flue. 
Since then the corrugated flues , a come much 
into favour, and have been used in the fastest ocean 
steamships, such as those of the Union Steamship 
Company, the French Transatlantic Company, the 
Peninsular and Oriental Company, the White Star 
Line, &c., as well as in numerous smaller steamers, 
More than two hundred flues have, we understand, 
been delivered by the makers this year, and about 
— re fift ee at present in course of con- 

ion. of special machinery has 
been put down to facilitate their ner —corem also 
a owe steam flanging machine for marine 
boiler fronts, 

Many of these co ted flues are now made of 
steel; they are welded by a special machine, instead 


of by hand, and the corrugations are made deeper. 
S rolls having been put down for the plates, 
and plates of Siemens-Martin steel, 15 ft. long by 
8 ft. 9in. wide, were being rolled when the tests 
about to be described were being made, 

The Leeds Forge Company, however, are about 
to construct machinery for rolling solid steel tubes 
without weld, 4 ft. 9in. in diameter by 9 ft. long, 
from seamless circular blooms under Mr. S. Fox's 
patents. It being desirable that the strength of 
these tubes, as now made in steel with deeper cor- 
rugations, should be experimentally known, Mr. 
Samson Fox lately pre one for testing. This he 


laced at the disposal of Mr. Peter Samson for the | pec 


oard of Trade, — _ ae oe from 
Lloyd’s Registry, and under personal super- 
7m the tests now recorded were made the cask 
before last. The arrangements for testing were the 
same as before,* the pressure was registered by a 
pair of standard gauges made for the Board of Trade, 
aud the measurements were made by means of 
sliding wooden rods for diameter, and a pointed 
iron hook gauge for the elongation. 

The corrugated flue to be tested was of welded 
steel Zin. thick (the thickness being gauged by 
cutting through the top and bottom of a corrugation 
after the test was over). There were thirteen corru- 
gations in a length of 6 ft. 0} in. extreme centres, 
giving a mean pitch of 6.03 in.; the depth of the 
corrugation was l}in. There was at each end a 
plain part extending 12} in. beyond the end corru- 
gations, including rings welded on 8} in. wide 
turned 1,', in., fitting the test cylinder, and | so 
by cupped leathers, The tube was quite free to 
move endways, and its length over all was 8 ft, 1d in. 

The inside diameter of the flue, measured from 
the top of the corrugation, and the results of the 
tests, are given in the Tables Nos. I. and IT., on the 
next page, Table No. I. giving the original dimensions 
of the flue under the heading ‘ A Circular Flue.” 
The ends of the tube were distinguished as east 
and west, the longitudinal measurements as top, 
bottom, right, and left, viewed from the east end. 

In carrying out the test, pressure was raised by 
increments of 501b., and the extensions successively 
measured. On relieving the pressure at 550 lb., 
the tube went back to its original length. Pres- 
sure was then again raised by increments of 50 Ib. 
to 550 Ib., and the vertical and horizontal diameters 
measured at the centre only, The pressure was re- 
lieved occasionally to see if any permanent set had 
taken place, but there was none. The pressure was 
then raised to 630 1b., and the longitudinal mea- 
surement taken, but before the diameters were 
measured, bits of scale began to drop off, and the 
as pew beginning to fall indicated that the tube 

ad yielded. Water was then pumped in until the 
ressure fell to 400 lb., and the tube was then 
ound to be 5 in. oval. 

As the tube preserved a nearly symmetrical form 
it was then resolved to test it as an oval flue, and the 
extension was first measured. Its dimensions prior to 
re-testing are given in Table No, I. (see next page) 
under the heading ‘“‘ B Oval Flue.” The pressures 
were then raised by increments of 25 lb., it being ex- 
pected that the tube would takeaset. The pressure 
was relieved between every test; but when 150 Ib. 
had been reached without permanent set the pressure 
was raised by 50 lb. increments to 350 lb., when the 
tube began to give war The measurements were 
taken in 64ths. In Table No. I. they are given 
(under the heading ‘*C, Oval Flue as left”) as 
100ths, and have been checked by laying down the 
measurements and bounding them by the next 
regular curve. 

t will be obseryed that the tube was slightly 
oval at starting, the vertical diameter being about 
:é. greater than the horizontal. This departure 
rom a true circle increased with the pressure and 
determined the direction of the oval. The weld 
yielded in as reguiara curve as the solid plate. 

To make the most of these two experiments on 
a corrugated flue, it is desirable to see if they can be 
compared with other experiments on the strength 
of material, and used to deduce the strength of 
other sizes and sections of corrugated flues. The 
mean crushing pressure on one corrugation of the 
flue tested is equal at 550 lb. pressure to 18 x 550 
x 6=59,400 lb. ‘The mean area is 3 x 6.9=2.6 square 
inches, and the stress on the me square inch 
of flue is thus 22,800 Ib., or 10.2 tons per square inch, 

Assuming the modulus of elasticity for corru- 
gated steel plate at 30,000,000, the reduction in 

* Engravings of the testing ent used will be 








arrangem 
found on page 260 of volume xxv, of ENGINEERING. 


diameter under 550 lb. pressure should have been 
.026 in., the reduction measured is .02 in. The re- 
duction is that of the sum of the diameters at 550.1b. 
pressure. The pressure, 600 lb. per square inch, 
which began to distcrt the flue, gives a stress of 
11.1 tons per square inch on the metal. Referring 
to experiments made in March, 1878, detailed in 
ENGINEERING, vol, xxv., page 245, it will be seen 
that the plain iron flue then tested was distorted by 
4.5 tons per square inch, and the corrugated flue at 
9 tons per square inch. 

If the tube derived no support from the ends, the 

relative rig mag of different sections might be ex- 

ted to be in proportion to the aumber of par- 
ticles in the section and the distance from the 
neutral axis, or the proportionate space each would 
be extended or compressed if motion took place, 
This is usually expressed as the moment of inertia 
of the section. It equals its area by the square of 
the radius of ion. 

It will be obvious from the diagram annexed that 
the neutral axis of the corrugations of such a flue 
as we are now considering lies in the middle of the 
section. The radius of ge is easily found by 
dividing one quarter of the section into parallel 
strips to any scale, multiplying the width of each strip 
by the square of the distance of its centre from the 
neutral axis, dividing the sum of the products by 
the sum of the widths, and taking the square root, 





In regard to the strength of materials, the iron 
used in these tubes is very carefully manufactured, 
as described in ENGINEERING some we se ‘0 
oe vol, xxv., 284). From tests e by Mr. 

irkaldy, the strength approaches mild steel, as 
may be seen in the accompanying Table No. III. 
The elastic limit is about 39,000 lb., and the break- 
ing weight over 26 tons to the inch. In theabsence 
of information it might be assumed that the mild 
steel used will have about 29 tons breaking strain, 
and an elastic limit of about 36,000 lb, 

From measuring approximate sections of the iron 
tube with 1; in. corrugation, and the steel tube with 
lin. corrugation 6in, wide, jin. thick as before, 
the following results may be noticed : 


Area of one corrugation... 2.43sq.in. 2.58 sq. in. 
Radius of gyration oss -47 in. -54 in, 
Relative moments of inertia 1.00 1.400 
” ” resis- 
tance to fracture «» —-1.00 1.21 
Relative loads actually car- 
ried i we 2 1,26 


If, now, each corrugation be treated as a strut 
jointed at both ends, whose length equals the mean 
diameter of the flue, the calculated results closely 
approximate to those obtained in the experiments. 

hus in his “* Useful Rules and Tables,” Ed. 1872, 
page 210, Rankine gives the formula 


_ oe Sail 
8 1 Px Ly 
cr* 


Here * == stress on the metal in pounds per 


square inch; f= elastic limit in pounds per square 
inch; for /* put mean diameter squared ; aie r= 
radius of gyration squared into the elastic limit. 
For the j in. iron tube, substituting the values 
found above with ly, in. by 6in. corrugations, this 
formula becomes 











82,000 _ 82,000 
1+ 4x diameter? 1+ diameter? 
82,000 x .472 1760 


In like manner for the steel tube in. thick with 
corrugations 6 in, by 1¢in., the formula becomes 
36,000 : 


1 + diameter* 





Taking the mean diameters at 37in. and 36in. re- 
spectively, the calculated stresses, treating the cor- 

ns as loose-ended struts equal to the diameter 
in length are 9 tons iron, 10.2 tons steel. The 
actual stresses were 8.8 and 11.1 tons per inch to 
distort the tube. The agreement of the results 
seems to warrant the application of this mode of 





calculation to other diameters, 
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Tapuz No. I.—Insips Dimensions oF FLUES BEFORE 
TESTIN 


a. 
A. Circular Flue. 




















Whers Measured. a eee oy Oval. 
On the central corrugation} 33.87 33.62 25 
» third corrugation 
east say Fo ste «| 33.53 33.06 A7 
the t' corrugation, 
an end ... oat pal 33.28 33.12 16 
B. Oval Flue (Tested). 
At central corrugation ...1 36.06 | 31.12 | 494 
C. Oval Flue as Left. 
At conten! cortngation, | 936.62 30.56 6.06 
i a 
pool ad es ij 35.12 30.75 5.37 
third corrugation, 
poe od - aa” “CoE C688 33.37 1.19 











Tasuiz No II.—Resutts or Tests. 
AA. Circular Flue. 












































r 3 Kangitnting! Mengeten, Deflection. 
LI ; 
33 zontal 
E §Top.|Bottom. |Right.| Left. Mea ae pe 
50 | P P 
100 | .02 .03 04 03 01 01 
150 | «. 208 .06 05 01 02 
200 | .06 .07 .08 .07 .02 .03 
250 | .08 .09 10 .09 02 .03 
300 | .09 ll 12 10 03 4 
350 | .11 13 14 12 03 Pu 
400 ; .13 15 16 14 04 .05 
450 | .16 16 17 15 -04 -06 
500 | .18 17 18 16 05 07 
550 | .20 18 19 17 .05 07 
600 | .25 19 19 17 
BB. Oval Flue. 
Longitudinal 
F Elongation Deflection in Inches. 
Pressure in in Inches. 
Pounds per); —_ 
Square Inch. t i 
All + Vertical, | Horizontal, 
all +. all — 
25 nas eo | 04 
50 ¢ss “05 | 07 
75 ” .08 ll 
100 ofr 14 
125 oe 16 18 
150 Zs .20 .23 
200 ‘? 26 29 
250 i 34 39 
300 Ses | 4 50 
350 ha ar .69 1.06 








For iron tubes with 1} in. by 6 in, by j in. corru- 
gations the formula becomes 

32,000 

diameter? 
rT oo 

2400 

This would give for 4ft, and 5 ft. tubes with 1} in. 
by 6 in, by } in. corrugations : 


1 








Mean Diameter of , Probable Collapsin 
Tubes in inches. 8 Pressure. . 
48 iron 7.3 tons per inch | 290 lb. per inch 
48 steel 8.5 ” ” 330 ” ” 
60 iron 5.7 ” ” 180 ” ” 
60 steel 6.8 ” ” 210 ” ” 


To make larger diameters bear equal stress it 
would appear that the radius of gyration should be 
proportional to the diameter, which is nearly the 
same as making the depth of the corrugation pro- 
portional to the diameter; but more experiments 
are needed to settle this point. 

There seems to be no difficulty in,making flues 4 ft. 


diam eter - ean’ and = a ose needed, of 
n, steel of ample stren ordinary pressures. 

ad the flue lately tested perfectly cylindrical, 
it might have stood much more pressure, Mr. 8. 
Fox proposes to have another of his steel corru- 
flues tested, after rolled as truly cylin- 
Srical as possible, while he intends to test other 


flues of steel both plain and corrugated and of 
different lengths. The tests already made, however, 
of flues not quite cylindrical, may be the safest for 
practical guidance. 

The safety of the corrugated flues is shown by 
the great strength of the oval form, It resisted 
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Tasiz No. III.—Resvtrs or Tests oF Wrovuaut Iron Borer PLATE MADE BY THE LEEDS ForGcE Company. 
Lengt Unan 
STREss. 8 § EXTENSION SEr. i 
4 
, < & 
cs . . Ss 
BRAND. : ie ae 3 : 83 | ¥ = a = 3 . g 
i 2 HE | ; Ce. ea | Se. E 
E gz | a= ped .g/S.3)/ . 
. ~ _ 8 22s | 
5 H 5a a> | 8% ens ght 284) 2 BE 
in. | Ib. | tons.| Ib. | tons. |per cent.|percent.! Ib. |per cent.|per cent.|per cent.| 
Leeds forge -| 39 14.6 |59,320 26.5 55.2 22.9 |76,998 -06 2.48 18.1 /|Fibrous. 
Yorkshire ... . 47 129,700) 13.2 |54,780| 24.5 54.3 35.9 85,474 -27 3.31 18.7 Do. 
Mean ids . 42 {81,250} 13.9 [57,050 | 25.5 54.7 29.4 16 2.89 18.4 
| 
Lengthway, Annealed. 
| | | | 
Leeds forge seal 89 32,500 14.5 55,840 249 582 | 26.1 (75,611 .08 8.01 | 17.2 Fibrous 
Yorkshire ... a 47 29,100 | 13.0 (54,245 24.2 , 53.6 | 33.3 (81,410 31 4.40 248 | Do 
Mean .-| 483 |30,800' 13.7 55,042 24.5 | 55.9 29.7 (78,510 19 3.70 21.0 
a BeS Lne? b i. : . glist a2 
Leeds forge ..| .99 |92,600| 14.5 59,580 26.6 | 54.7 | 33.9 lo, 175 | 02 | 196 | 22.1 [Fibrous. 
Yorkshire ... .48 (29,800, 18.3 |54,590| 24.5 | 54.5 24.6 \72,485 | 22 3.56 18.5 Do, 
Mean one 43 pear 13.9 (57,085) 25.4 54.6 29.2 (81-880 12 2.76 20.3 
Crossway, Annealed. 
| | 
Leeds forge .389 (32,200) 14.4 |56,910| 25.4 56.6 34.3 86,636 | 13 2.81 20.2 |Fibrous. 
Yorkshire ... 48 (29,7 13.2 (53,980; 24.1 55.0 33.8 (81,562 -23 3.92 21.7 Do. 
Mean 43 90,000) 13.8 |55,445| 24.7 55.8 34.0 ,099 18 3.36 20.9 

















Leeds, June 9, 1880. 


300 Ib. pressure without permanent set, and thus no 


accidental distortion is likely to make it unsafe at 
ordinary working pressure. But the pressure which 
will at all distort along flue of uniform temperature 
will be sufficient to co = it entirely. The longi- 
tudinal measurements show that the corrugated 
flue, left perfectly free, tends to elongate under 
pressure nearly th part for each 100 Ib. pressure ; 
with corrugations 14 in. deep, the flue must be very 
elastic longitudinally. Plain furnace tubes, instead 
of acting as stays to boiler fronts, more often act as 
struts tending forcibly to thrust them out. Longi- 
tudinal elasticity in a flue is a quality most needed. 

Corrugated flues have in practice shown another 
valuable quality; they enable marine boilers of a 
given size to produce considerably more steam ; the 
causes have not yet been investigated. The corru- 
gated flues presenta little more heating surface, and 
are thinner; the corrugations may absorb the heat 
morereadily, the furnaces can be made larger, and the 
combustion is said to be better. The fact of their 
great advantage has been arrived at chiefly by com- 
paring the performance of nearly similar vessels 
with and without corrugated flues. The former 
either attain higher speeds, or use less fuel, the 
difference being very marked. 

Thus in comparing the Union Steamship Com- 
pany’s ships the Pretoria and the Manora, ships alike 
excepting their boilers, the Pretoria having four 
boilers with twelve corrugated furnaces, and the 
Manora six boilers and eighteen plain furnaces, the 
Pretoria’s engines indicated more power with 10 tons 

r day less fuel, and she was the fastest hoat, The 

retoria’s boilers have 273 square feet of grate 
surface, and 8000 ft. of heating surface ; they work 
at 70 lb. pressure, and the consumption is 53.5 tons 

day, or 18.25 lb. per square foot of grate per 
our. The indicated horse power was 2730, and 
the coal 1.8 lb, per indicated horse power per hour 
on a run of 5896 miles, while 10 indicated horse 
power was developed per square foot of grate. 
The Trojan has four single-ended boilers 14 ft. 6 in. 
wide, 17 ft. 6 in. high, and 11 ft. long, each with 
three ted flues 4 ft. in diameter, } in. thick, 
there being thus twelve flues in all, e grate 
surface is 312 square feet, the heating surface 
10,000 square feet, cooling surface in condenser 
5100 square feet, and indicated horse power on 
trial 3696 ; this equals 11.8 indicated horse power 
per foot of grate. The cylinders are 51 in. and 
88 in. with 60 in. stroke. ‘The vessel is 365 ft. by 
42 ft. by 82 ft. 6 in., the boiler pressure 75 lb., 
og in receiver 141b., vacuum 28 in.; with 
6.5 revolutions per minute the mean speed is 
15.1 knots. 





The Ravenna (Peninsular and Oriental Company) 








Summary of the results of experiments to ascertain the elastic and ultimate tensile strength of eight specimens of 
wrought-iron boiler plate made by the Leeds Forge Company, si 


(Signed) Davip KIrRKALpy. 

London, July 13, 1876. 
has six boilers with eighteen corrugated steel flues 
3 ft. 3in. in diameter, jin, thick, the grate surface 
being 333 ft. Her engines indicated 3460 horse 
power, or 10 horse power per foot of grate. ‘The 
cylinders are 54 in. and 94 in, by 60 in. stroke. 

The Prince Hendrick oT between Queen- 
borough and Flushing) has four boilers with twelve 
iron corrugated flues 4 ft. 4 in. in diameter, } in. 
thick. With 285 ft. of grate, the power indicated on 
trial was 4010 horse power, or 14 horse power per 
foot of grate; cylinders are 60 in. and 104 in. by 
84 in. stroke, the boiler pressure is 75 lb., revolu- 
tions 73 per minute, s 17.56 knots. 

Many other examples — be given of the good 
results obtained with these flues, such as the Cyclops, 
the Bellerophon, H. M. gunboat Rambler; and the 
Oceanic (White Star Line). In consequence of the 
favourable results the corrugated flues are being ex- 
tensively adopted; amongst the new vessels which 
will have boilers fitted with these flues are one build- 
ing at Messrs. J. and G. Thompson, two boats in 
we at Messrs. R. Napier and Sons, for the 

acific Steam Navigation Company, and three other 
of the largest Transatlantic ts now building, 
taking together some 70 flues. 

Mr. S. Fox's corrugated flues have also been taken 
up abroad. Messrs. Schulz, Knaud, and Co., Essen, 
have laid down plant for their manufacture, on the 
most a — system, under three spans 150 ft. by 
50 ft. The corrugating mill hastwosets of corrugating 
rolls, one for short lengths, with seven corrugations, 
6 in, pitch, and one for long lengths with eighteen 
corrugations, 6 in. pitch ; the machine weighs about 
125 tons and is driven by a pair of engines with 
cylinders 32 in, in diameter. The tube-plates are 
first bent toa cylinder, then welded by a special 
welding machine. The corrugations are rolled in 
the course of about ten minutes, including the time 
of putting it in the machine. 


NEW APPLICATIONS OF 

THE DYNAMO-ELECTRIC CURRENT. 

So long as the production of electricity was con- 
fined to voltaic batteries and small imperfect 
magneto-electric machines, the use of electric cur- 
rents was necessarily much restricted. In fact they 
could only be employed in cases where the mecha- 
nical or other sensible effects were small, such, for 
example, as the electric telegraph, and those devices 
in which purely mechanical ements would 
have been too cumbrous or otherwise impractible 
The improvement of the dynamo-electric generator, 
however, enables the electrician to deal with very 
powerful currents, and accomplish work on 4 
massive scale. Even in idheanabiog the d 0- 
electric current is supplanting the voltaic battery 
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for supplying the electric power, and the colossal 
Western Union eee ig Company of the United 
States now transmit the messages from their 
central office in New York by the currents drawn 
from four Siemens machines. The recent success of 
the electric light is another triumph for this mode of 
generating electricity, and the new applications we 
are about to describe open up to our view a vast 
horizon of possible uses in the future. 

The name of Siemens is in the front of this 
advance, and will ever be associated with the 
industrial capabilities of the electric current. It is 
to Dr. C. W. Siemens that we owe two of the most re. 
cent uses of the current, namely, the fusion of refrac- 
tory metals in considerable quantities in an electric 
furnace, and the promotion of vegetation under the 
action of the electric light. To Dr. Werner Siemens, 
of Berlin, we are indebted for a third application 
which promises to become very widely extended, 
we mean the propulsion of cars along rail or tram- 
ways by the dynamo-electric current, and, in general, 
the driving of machinery. 

The chief results of these three applications 
which have as yet been obtained were communi- 
cated by Dr. C. W. Siemens to the Society of Tele- 

ph Engineers at a special meeting on Thursday, 
Same 3, and we shall now proceed to review them, 

Taking up the subject of electric fusion first, 
perhaps because it is the most novel of the three 
applications, Dr. Siemens remarked that the oxy- 
hydrogen blast was the most used, especially the 
form of M. St. Claire de Ville, known as the 
‘* Deville furnace,” which has been applied by Mr, 
G. Matthey, F.R.S., for the fusion of considerable 
quantities of platinum, The regenerative gas fur- 
nace, now used for the production of mild steel, is 
another plan for creating extremely high tempera- 
tures; and by the application of the open-hearth 

rocess from 10 to 15 tons of malleable iron, contain- 
ing only traces of carbon or other alloy, may be seen 
on the open hearth of the furnace in a perfectly fluid 
state, and at a temperature probably equal to the 
melting point of platinum. The only building 
material capable of withstanding so fierce a heat is 
a brick composed of 98.5 per cent. of silica and 
only 1.5 per cent. of alumina, iron, and lime to bind 
the silica together. 

The. degree of heat attainable either in the 
Deville or the Siemens regenerative furnace is, how- 
ever, limited to the temperature of dissociation of 
carbonic acid and aqueous vapour, that is from 
2500 deg. to 2800 deg. C. It is, therefore, to the 
electric arc that we must look for the production of 
temperatures exceeding the dissociation point of the 
fuel employed in combustion furnaces. The germ 
of this application lies in the decomposition of 
potash by Sir Humphry Davy in 1807, and the dis- 
covery of the electric light by the same philosopher 
in 1810, Spectroscopists have found the value of 
the are in dissociating elements, and quite recently 
Professor Dewar employed the dynamo-electric 
current to vaporise metals in a crucible of lime. 
Nor should we forget that Mr, Werderman once 
potonted a plan for fusing blast holes in hard rock 

y means of the electric arc, thus obviating the use 
of diamond drills. But Dr. Siemens is, we believe, 
the first to produce what may be called large effects 
of intense heat by the same means. 














Fig. 1 illustrates the Siemens clectric furnace, 
It consists of an ordinary crucible, C, of plumbago, 
or other highly refractory material, enclosed in a 
metal casing holding a packing, F, of pounded 
charcoal, or other bad conductor of heat. An 
electrode P for the positive current of iron, platinum, 
or dense carbon enters the crucible from below, and 
a negative electrode N of compressed carbon enters 
from above by the lid L, in which is pierced a 


vent V. The negative electrode N is hung from 
the end of a beam D by a strip of copper. The 








beam is supported by a stand A fixed on a base 
B, and carries at its other extremity a hollow cy- 
linder of iron E, with a piston end. This core is 
free to move up and down within a solenoid of wire 
S when attracted more or less by the current circu- 
wren in the latter, and the water contained in the 
barrel G gives a stability to its motion. A weight 
W can be slid on the beam so as to balance the 
magnetic pull on the core in the solenoid. The 
solenoid isa coil of 50 ohms resistance, and it is 
connected up as a derived or “‘ cut-off” circuit to 
the main circuit through the arc; therefore, if the 
arc should become too wide, and consequently the arc 
current too small, a gon current will traverse the 
solenoid or by-circuit an paw up the iron cylinder. 
This will have the effect of raising the solenoid end 
of the beam and lowering the carbon N further into 
the crucible, thereby bringing back the arc to its 
proper width. As the temperature of the crucible 
is always rising a regulating action of this kind is 
necessary, for the resistance of the arc correspond. 
ingly diminishes, and the length has to be increased. 
Moreover, the sudden sinking of the melting charge 
occasions equally sudden variations in the length 
of the air-gap across which the current has to 

Animportant element in the success of the electric 
furnace is the employment of the material to be 
fused as the positive pole, or that pole where most 
heat is developed, This course will, however, only 
be available with metals or conducting ores, an 
when non-conductors are to be: fused it will be 
necessary to employ a positive pole of platinum or 
iridium which may melt into a pool at the bottom of 
the crucible. The use of a dense carbon for the 
negative pole incurs the objection that particles of 
the carbon may adulterate the charge, but the con- 
sumption of the negative pole in a neutral atmo- 
sphere is usually very slow. To guard against any 
impurities of this nature, however, Dr. Siemens has 
devised a non-wasting pole formed of a copper tube 
cooled by an interior circulation of water. 

From theoretical considerations Dr, Siemens finds 
that the effective heat attainable in the electric fur- 
nace is one-fifteenth of the heat energy residing in 
the coal consumed under the boiler of the engine 
driving the dynamo-electric machine. It follows 
from this calculation that one pound of coal is 
capable of melting an equal weight of mild steel 
in the furnace. Now in the ordinary Sheffield air 
furnace it takes 3 tons of best Durham coke to melt 
a ton of mild steel in crucibles, whereas with the 
regenerative gas furnace, one ton of coal suffices to 
fuse a ton of steel in crucibles, and on the open 
hearth of this furnace 12 cwt. of coal will produce 
one ton of steel. The electric furnace is therefore 
more economical than the ordinary air furnace, and 
but for some incidental losses of heat would nearly 
be as economical as the gas furnace. Practically, 
with a medium-sized dynamo-machine, capableof pro- 
ducing a current 36 webers in strength with an ex- 
penditure of 4 horse power, a crucible 8 in, deep is 
raised to white heat in. less than half an hour, and 
over2 Ib. of steel can be fused in the same time. 
At the Society of Telegraph Engineers with a current 
of 70 webers Dr. Siemens fused the same quantity 
of broken files in about 15 minutes, starting with a 
cold furnace. Indeed the files were poured out in a 
molten state before the crucible was hot. It is 
almost needless to say that succeeding fusions in a 
heated crucible could be effected in a shorter time. 

For melting the precious metals, for effecting the 
reduction of refractory ores, and the dissociation of 
chemical substances, the electric furnace will doubt- 
less prove useful, inasmuch as it is capable of pro- 
viding a temperature theoretically unlimited and a 
neutral atmosphere. Moreover, the operation may 
be conveniently carried on in the laboratory without 
much preparation ; and very high temperatures may 
be attained with ordinary crucibles owing to the fact 
that the heat of fusion is directly brought to bear on 
the material to be fused rather than the crucible 
itself. 

The extreme temperature of the electric arc and 
its aliar blistering effect which, like burnin 
sunshine, it exercises upon the skin, first ruggented 
to Dr. Siemens that its action on vegetable life 
might be analogous to that of sunlight. Curiously 
enough the use of the electric light for forcin 
fruit and flowers was independently su 
nearly two years ago by a writer in Cassell’s Maga- 
zine. In fostering vegetation the solar radiance 
produces —— the matter which gives a 
green colour to the leaves of plants, and also effects 
within the vegetable cell the ee aes of the 
carbonic acid and aqueous vapour by the 








leaf from the atmosphere, thus supplying the plant 


with starch and carbon to build up its woody tissues. 
The electric arc is a kind of miniature sun emitting 
rays of almost e refrangibility, and hence it is 
not surprising that Dr, Siemens should have found 
it act like solar light etl cantare chlorophyll and 
decomposing carbonic and water in the leaves of 
plants. Some of his results, however, are very in- 
teresting, and could not have been cted. 

The experiments were made at country resi- 
dence of SherwovJ, near Tunbridge Wells. The 
apparatus er consists of a vertical Siemens 
dynamo machine of small size, making 1000 revolu- 
tions a minute under a driving force of 2 horse 
power, and developing a continuous current of about 
26 webers having an electro-motive force of 70 volts. 
A 3-horse power Otto silent gas engine was employed 
to generate the driving power; and the light was 
obtained from a Siemens  rermad lamp having 
two carbons of 12 and 10 millimetres diameter re- 
spectively, This lamp yielded a light equivalent to 
1400 candles. 

In the first experiment made by Dr. Siemens the 
electric lamp was placed about 7 ft. above the out- 
side of a sunk melon-house, and fitted with a re- 
flector to throw the light down on the sash, Pots 
of quick-growing seeds, such as mustard, carrots, 
melons, &c., were brought at stated intervals under 
the influence of solar or electric light or both com- 


d| bined, and others were kept in the dark. The re- 


sults showed that the plants kept in the dark were 
pale and sickly, those exposed to the electric light 
alone had a light green tint and considerable vital A 
those hops under sunlight alone were of a darker 
en and greater vitality, while those exposed to 
oth sources of light were decidedly superior to the 
rest bothin hue and vigour. Judging from this ex- 
periment the power of sunlight is about twice as 
at as the electric light for pu of growth ; but 
it was clear that the electric light was not placed so 
as to give its full effect, owing to the globe round 
the lamp and the moisture condensed on the frame, 

To overcome this loss of power Dr. Siemens next 
arranged the lamp within the melon-house, at the 
same time darkening the sash outside with thick 
matting and whitewashing the walls inside. And 
here to prevent scorching of the leaves it was neces- 
sary to keep the plants 4 ft. or 5 ft. from the light. 
Some of the plants were e only to daylight, 
others only to the electric Jight during eleven hours 
of night, and others had the full benefit of daylight 
followed by the electric light at night. The result 
showed that the daylight plants were healthier and 

ner than the electric Fight ones, but those sub- 
jected to continuous light were the richest and 
strongest of all. A striking token of the efficacy of 
the electric light in forcing flowers was likewise 
afforded by a pot of tulip buds which opened into 
full bloom after an exposure of about two hours. 

“Another object I had in view in this experi- 
ment,” says Dr. Siemens “ was to observe whether 
the plants were injured by the carbonic acid and 
nitrogenous compounds observed by Professor 
Dewar to be produced within the electric arc. All 
continuous access of air into the stove was stopped, 
and in order to prevent excessive accumulation of 
heat, the stove [+o were thickly covered with 
matting and wet leaves. But although the access 
of stove heat was thus stopped, the temperature of 
the house continued through the night at 72 deg.. 
Fabr., proving that the electric light furnished not 
only light, but sufficient heat also, No injurious 
effect was observed on the plants from want of 
ventilation, and it is probable that the supply of 
catbonic acid given off by the complete combustion 
of the carbon electrodes at high temperature, and 
under the influence of an excess of oxygen, ed 
their vital functions. If ni ous com ds 
were produced in large quan , it is likely the 

lants would have been injured, but they not 
perceived by their smell in the stove, when all 
the ventilators were closed, and no injurious effects 
on the plants have been observed.” To these re- 
marks it may be added that the invigorating effect 
of the light seems to counteract the withering in- 
fluence of stove heat, 

The electric lamp was next placed in the interior 
of a conservatory in the corner, and as high as pos- 
sible, so that itsrays might fall on the plants at the 
same angle as the solar rays at noon, a condition 
which was fulfilled in all experiments. Young 
vines, nectarines, roses, geraniums, and orchids were 

laced: on the floor at various distances from the 
light The temperature of the hothouse was main- 
at 65 deg. Fahr., and the lamp was kept lit 
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from 5 p.m. to 6 A.M. for one week (Feb. 18 to 
Feb, 24), excepting Sunday night. lt was then 
seen that the plants nearest the light had made most 

ss; but all exhibited 4n increased vigour, 
and the flowers were manifestly brighter than 
they otherwise would have been. Moreover, the 
scenic display of the vivid foliage under the enhanc- 
ing radiance of the arc was very fine. 

e effect of the light on plants in the open air 
was also tried, and Dr. Siemens is of opinion that 
flowering plants thus grown are brought forward 
even more rapidly than by daylight. The heat 


given off by the arc, too, would seem to ward off 
night frosts, and it is probable that the buds of 
wall-fruit may be saved by this means from the 


nipping cold of spring. 

t is clear, then, from these experiments that the 
growth and flowering of plants is promoted under 
the stimulating influence of the electric light ; and 
it is put beyond a doubt too that plants can grow 
continuously. The experience of arctic summers 
during which the sun never sets, is evidence in 
favour of this view, and according to the experi- 
ments of Dr. Schiibeler, of Christiania, plants de- 
velop more brilliant flowers and larger and more 
aromatic fruit when exposed to continuous light, 
than when they experience alternations of day- 
light and darkness. Some botanists assert that 
plants grow chiefly in the night time, but these ex- 
periments demonstrate that growth takes place by 
day as well as night, and that exposure to con- 
tinuous light will produce the finest flowers and 
fruit whether the light be wholl 
electric and part sunshine. Per 
would be advisable to investigate this question 
further, in case it should be found that short in- 
tervals of rest were really favourable to the healthy 
growth of the plant. 

The efficacy of the electric lamp in forcing fruit 
has also been studied by Dr. Siemens, and it is 
clear that it possesses the power of forming the 
sugar and aromatic essences of ripening fruit. A 
pot of strawberries kept for ten days under con- 
tinuous illumination by solar and electric light 
showed clusters of rich red fruit of a most luscious 
flavour and delicious fragrance, while similar plants 
kept under daylight alone exhibited only green 
berries. It is probable, therefore, that early grapes, 

aches, and other fruit will be forced during our 

k foggy winters by the electric light, which will 
render our gardeners to some extent independent of 
the sun, 

The practical success of artificial lighting in 
horticulture will of course depend largely on its 
cost; but Dr. Siemens thinks that the medium 
sized machine which gives a light of 6000 candles 
with an expenditure of 4 horse power will be econo- 
nomical, ‘The lamp would require to be fixed 20 ft. 
above the plants, and if the surface to be illumi- 
nated were large the radiating centres should be 
placed at distances apart equal to twice or thrice 
their distances above the ground, so as to blend the 
light into sensible uniformity; for a square foot 
of surface midway between would receive from each 
centre one half the number of rays falling upon the 
same area immediately below a centre. Nine lights 
so placed would illuminate about three-quarters of 
an acre. A brick wall surrounding this area would 
receive the benefit of the light for forcing fruit, 
and would screen off cold winds, as also would 
the vertical glass partitions of Sir William Arm- 
strong. ‘To maintain this illumination a 36-horse 
power engine would be required. This would 
consume 90 lb. of coal per hour, which for a night 
of 13 hours, with 40 Ib. for getting up steam, 
amounts to 10 cwt., costing, say, 8s. per night. 
To this must be added the cost of carbons and an 
attendant, making a total of 16s. per night. If, how- 
ever, the engine could be utilised for other work 
by day, or, better still, the waste powcr of a water- 
fall employed, the cost would be very much less. 
The 1400 candle light used by Dr. Siemens himself 
costs about 5d. per hour including carbons, but ex- 
clusive of attendance. Such a light at 7 ft. distance 
is about equal in effect to the average daylight of 
February ; but the larger lights are more economical. 

To test this question on a working scale, Mr. 
Siemens is having a 6 horse power horizontal Soho 


electric or part 


engine, made by e Brothers, and a Cornish 
boiler laid down at Sherwood for the boc y ew of 
driving two medium machines giving a total light of 
12,000 candles. The steam after actuating the 
engine will be used to heat the hot-houses, and it is 
expected that little more fuel will be needed than 
was formerly required to warm the flues. The 


ps, however, it | P® 





engine will be further utilised day in turning 
the machines for cutting wood, chaff, and turnips at 
the home farm, a quarter of a mile away, Ly means 
of a dynamo-electricmachine. With this apparatus 
Dr. Siemens also proposes to ascertain what rays of 
the spectrum produce chlorophyll, starch, wood, and 
sugar, by exposing plants in a darkened chamber to 
the actinic, optic, and thermal rays of a spectrum of 
the electric light. 

The lamp to be used in these experiments is 
shown in Fig. 2, which by means of horizontal 


Fig: 2. 





carbons P N provides a fixed focus, and allows the 
rays to be projected downwards by a parabolic re- 
flector M, e carbons are contained in brass 
tubes supported by four rods, and they are pulled 
together by means of two volute springs V V and 
cords. On the other hand they are also drawn 
apart by the regulator so as to form the proper arc. 

he regulator consists of a thin ribbon of copper 
R R passing over pulleys as shown. This copper 
tape forms a bye-path or derived circuit to the 
main circuit through the arc, so that when the arc 
is too wide, a stronger current traverses the bye- 
th, thereby heating, and conseque: tly expanding 
it. The result is that the tape is slackened on the 
pulleys and the counterpoises C C act so as to 
allow the springs to pull the carbons nearer to- 
gether and diminish the width of the arc to its proper 
value, 

(To be continued.) 





NOTES. 
Tue Coip, 1879. 

THOSE with dismal recollections of the meteoro- 
logical year 1879 will not be sorry to hear how it 
has been stigmatised by the Astronomer Royal in his 
report to the Board of Visitors to the Grggnwich 
Observatory. He says the mean temperature was 
46.1 deg., being 3.3 deg. below the average of the 
preceding thirty-eight years. Thehighesttemperature 
was 80.6 deg. on July 30th, and the lowest 13.7 deg. 
on December 7th. The mean temperature was 
below the average in every month of the year, the 
months of greatest deviation being January and 
December, respectively 6.8 deg. and 7.6 deg. below 
the average; the months of April, May, July, and 
November were each between 4 deg. and 5 deg. 
below the average. 


An IMPROVED TELEPHONE, 

M. Ader, whose name is so well known in con- 
nexion with telephony, has succeeded in improving 
the power and distinctness of the Bell telephone 
receiver by a very simple butingenious device. This 
consists in fitting a second diaphragm of soft iron 
in front of the one already existing, and providing a 
central hole for the passage of the air vibrations 
outwards from the inner plate tothe ear. The effect 
of the second plate is to intensify the attractions of 
the magnet on the speaking diaphragm when the 
current passes, This is clearly demonstrated by 
holding a piece of watch-spring in front of a magnetic 
pole and bringing up a piece of soft iron in its rear, 
when the spring is immediately attracted to the 
pole. In M. Ader’s telephone a horseshoe magnet 
with poles brought very close together is employed, 


Russtan Toou STEEL. 

The tool steel used in Russia is imported chiefly 
from England, although some private firms are 
using German steel. The Obouchoff Steel Works, 
near St. Petersburg, are, however, making tool 
steel for their own use, and are also filling some 
orders for other Russian works. At the Obouchoff 
Works, Whitworth’s system of compressing fluid 
steel has been for sonfe time employed, and it is now 
being turned to account for the production of solid 
ingots of tool steel. The steel is prepared in 
crucibles from a mixture of blister steel with re- 
fined cast iron and ferro-manganese, the materials 
employed being very pure. ‘I'he Oural blister steel 
used contains carbon 1 per cent., silicon 0,06 per 
cent., manganese 0.22 per cent., and phosphorus 0.07 
per cent. The application of the hitworth 
system of compression enables perfectly sound 
ingots to be obtained, the whole of each ingot being 





available for the ction of tool steel by the 
further processes of hammering and rolling. 


Tue HELiorrope. 

M. Perrier, the engineer in charge of the geodesic 
triangulation of ria, failed to obtain satisfactory 
results with the simple heliotrope in making his 
connexions with Spain and had to employ powerful 
electric lights. The distance between his stations is 
about 165 miles, but in the triangulation of the 
Pacific Coast of North America we learn that the 
unaided heliotrope has been used on lines from 20 
to 192 miles in length. On lines over 70 miles 
long the different strata of the atmosphere through 
which the beam of light passes, act like a prism and 
decompose it into a spectrum which can be seen by 
receiving the image on a screen, red being the most 
marked colour. Captain Paterson, superintendent 
of the coast survey of the United States in a recent 
letter to Mr. Dana, gives the following empirical 
formula for determining the size of the heliotrope 
required for any distance ; x=d* x .0021, where z is 
the area of the required heliotrope in square metres, 
and d the given distance in miles. 


MINERAL INDusTRY OF BELGIUM. 
The statistics of Belgium mineral industries are 
thus given in the Bulletin du Ministére des Travaux 
Publics, for 1879 : 
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—_— } |Work- Produc- | Price 
a men.| tion. 'per ton Total. 
L. Coal Mines: |_| Laci) ¢@B IY @ 
Ist six months .., see 201 | 96,131 7,562,623 | 
mse ane 201 | 95,678 7,883,890 | 
—|/— | 
silane 291 | 95,902 15,446,531 | 
‘urnaces : | | } 
Ist six months... .... 25) 2,668 226,430 2.236 | 505,871 
Berra w-| 25| 2480 221,941 2240 | 493,498 
eee | 25) 2.674 448,a71 | 2.298 “999,294 
. urnaces ;: } } 
Ist six months ... ... 685, 12,060 190,654 | 5.652 | 1,077,593 
=. 3 we 631} 13,260 219,873 | 5,707 | 1,254,866 
| 658 | 12,660 410,627 | 6.679 2,832,459 





As compared with 1878, the foregoing figures 
show one less coal mine in operation, and about 
1000 less hands, but an output of over 600,000 tons 
more. Five less furnaces were in blast; of pud- 
dling furnaces, 87 less were in operation with 
nearly the same number of employés, and 5000 more 
tons of iron produced, with a total value of about 
80,000/, less than in 1878. The average wages paid 
to coal miners during the year was 2 frs. 80 centimes. 


Jamin’s Exvecrric Lamp. 

Much of the success of the Jamin electric candle 
is to be attributed to the great improvements effected 
by M. Jamin in the Gramme dynamo-electric ma- 
chine which supplies the current. The current pro- 
ducible from this generator is, of course, limited by the 
heating of the revolving armature, and in diminish- 
ing the latter by attention to theoretical principles 
in constructing the machine, he has actually reduced 
the heating effect to one-fourth of its old value, and 
the expenditure of power for an equal current 
to one-third. The practical consequence is that he 
can now maintain 24 candles alight by a machine 
formerly capable of feeding only four, and driven 
by an eight-horse power engine. As to the dis- 
tribution of the light among the various lamps 
in circuit, M. Jamin finds that with nine lamps in 
circuit the total light and horse power increase to- 
gether, but when more lamps are inserted there is 
a diminution of total power consumed and total 
light produced. Thus with nine lamps the total 
amount of light was, in one experiment, 764 Carcel 
jets, or 86 per lamp, and the total energy absorbed 
5.09 horse power or 0.57 per Jamp. With fourteen 
lamps in circuit on the other hand the total light was 
700 Carcels or 50 to each lamp, and the total power 
4.60 horse power or 0.32 per candle, It is clear 
then that if a great total of light is wanted, it will 
be best to confine the number of lamps in circuit to 
nine. 


TECHNICAL HOROLOGICAL INSTRUCTION. 

The British Horological Institute, aided by the 
City Guilds, is about to start classes for the technical 
instruction of young men and apprentices in the de- 
partments of watch finishing and escapement making. 
At an expense of about 300/. the Council has fitted 
up one of the rooms of the new building with 
benches and tools. Two instructors have been 
selected, and it is proposed to commence operations 
at once. The arrangements do not admit of more 
than ten or a dozen pupils receiving instruction at 
the same time. What ulterior objects the scheme 
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may be expected to attain we donot know. If it is 
ex to bring back the English watch trade, it 
will probably be found too late for the purpose. That 
it will develop a few smart craftsmen in some trades 
of horology, is not more than may be expected; but 
the question remains whether or no this is the 
most profitable employment of the funds. Those 
engaged in clock, watch, and chronometer making, 
with a few distinguished exceptions, have for a 
long time been sadly deficient in knowl of the 
theoretical and scientific principles presiding over 
their work. Whether is it better, when the means 
are adequate to either result, to give to a large 
number the desiderated scientific information, or to 
a few mere technical skill? The experiment is an 
interesting one, and ought to be thoughtfully 
carried out, in order to elicit some definite reasons 
for its justification. 


Tue Fiucruations oF TRADE. 

In connexion with the admirable iron trade chart 
already referred to, Mr. Fossick has issucd a chro- 
nological supplement noting some of the principal 
commercial and financial events since 1830, when 
the railway from London to Manchester was opened. 
Glancing through this list we see the same cha- 
racteristics of prosperity and depression frequently 
repeating themselves; with wars and rumours 0 
wars, exaggerated public confidence, followed by 
equally exaggerated panics ; a plethora of money, its 
disastrous scarcity, abundant harvests, and exorbi- 
tant food rates. Taking the last as one of the most 
important features, notably good harvests and cheap 
food are recorded for 1834, 1842, 1847, 1849, 1850, 
1851, and 1858, and the reverse in 1831, 1836, 1846, 
1853, 1855, 1873, 1876, 1877, and 1879. [rade 

rosperity bas been affected disastrously by po- 
itical complications or actual war in 1830, 1831, 
1840, 1848, 1853 to 1855, 1857, 1858, 1859, 1861 to 
1865, 1866, 1867, 1870, 1877, and 1878. Com- 
mercial failures and financial panics characterised 
the following years: 1836 to 1838, 1847, 1857, 1866 
to 1868, 1873, 1875 and 1878. Several years were 
remarkable for extreme Bank rates, namely, 1839 ; 
1843, 2 per cent.; 1857, 10 per cent.; 1858, 8 to3 
per cent.; and 1873, 9 per cent. The prosperous 
years for the metal trades were: 1835, 1853, 
1855-57, 1865, 1869, 1871-72, and 1874. The years 
1849, 1850, and 1852 were remarkable for the first 
influx of Californian and Australian gold. 


ELECTROMETERS. 

The old familiar object, the electrometer mast 
within the grounds of Greenwich Observatory, has 
been removed. It impressed us with its gauntness 
by day, and its bleary lamp by night, some thirty 
years ago; and there it seems to have continued to 
do duty ever since. Ah! what duty? there’s the 
rub. We have always had an ungratified curiosity 
about the particular duty of this particular pole ; 
always and ever it was vaguely ed to be a 
post of honour for polar electricity, be it positive 
or negative. Why didn’t the electricity scorn it and 
smash it _ ae ago? During all these years it has 
proved a scientific divining rod, ‘‘ the perfect 
success of Sir W. Thomson's electrometer rendering 
all further apparatus for the same purpose unneces- 
sary.” What glorious news, to wit, that we are 
about to know something concerning atmospheric 


electricity after the labour-in-vain pains bestowed | Th 


upon it hitherto. Elsewhere in his report to the 
Board of Visitors, the Astronomer Royal says : ‘* The 
Thomson electrometer is in excellent order, In 
the warm weather of summer and in winter when 
much artificial heat is used in the basement the 
photographs have been unsatisfactory, but we are 
endeavouring to remedy this by cutting off all com- 
munication with air from the basement. In the 
winter the register was frequently interrupted by 
the freezing of the water in the exit pipe.” So it 
seems there are just a few little hitches to interfere 
with its *‘ perfect success,” not to surmise that its 
curves bave not yet got into the province of methodi- 
cal tabulation, 
‘ STEEL WIRE. 

During the progress of making the cables of the 
East River Bridge, New York, and the testing in 
connexion with this work, some interesting ex- 
perience has been gained as to the strength and 
characteristics of high class steel wire. Accordin 
to some data recently communicated by Mr. i 
Collingwood to the American Society of Civil En- 
gineers, there can now be had in quantity steel wire 
having a tensile strain of 160,000 lb. per square 
inch, and giving before breaking an elongation of 
2} per cent, in 100 ft. lengths, or an elongation of 


f strength 





4 per cent. when tested in ] ft. lengths. Steel of the 
same quality as that in the above-named wire, when 
made into bars of the ordinary sizes used in bridge 
building, has been found to have a tensile strength 
of 70,000 Ib. to 75,000 lb. per square inch, with an 
elastic limit of 40,000 lb. per square inch, and an 
elongation of 15 per cent, in samples 1 ft. long. As 
regards the wire the experience at the East River 
Bri has shown that with steel wire drawn and 
coiled in the ordinary way, no satisfactory deter- 
mination of the elastic limit or of the elongation 
before fracture can be made, on account of the set 
induced by coiling. This inconvenience can, how- 
ever, be avoided by leading the wire straight from 
the galvanising trough to such a distance that it be- 
comes cool before it is coiled, at the same time 
taking care that the coils are not too small. In the 
case of the East Rivor Bridge for wire of No. 7 and 
No. 8 B.W.G. the diameter of coils used is 4 ft. 6 in., 
and wire so coiled will lay out straight when loosened 
from the coil. Mr. Collingwood states that galvanis- 
ing has been found to increase the strength of 
freshly drawn wire about 15 per cent., while un- 
galvanised wire has been found to gain nearly 5 per 
cent, in strength by being simply allowed to rest 
for a week or two after drawing. The increase of 
in both these cases ap to be due to 
some adjustment of the straius set up during the 
drawing process. Galvanised wire has also been 
found to increase slightly in strength by being 
allowed to rest. 
THe Hupson River TUNNEL. 

An important work is now being actively pushed 
forward at New York. This is the tunnel under 
the Hudson river, which, when finished, will con- 
nect Jersey City and New York. The length of 
the tunnel under the river will be 5500 ft., and that 
of the land approaches 3300ft. It is being made 
double, so as to form two galleries, each 16 ft. wide 
and 18 ft. high in the clear, and along which will 
tun two single pairs of rails.. The material 
through is favourable to the operations, beitg 
a very tenacious silt, which becomes semi-fluid 
when plentifully combined with water. A some- 
what novel method of proceeding has been adopted, 
A shaft was first sunk, built on a timber curb, and 
as 800m as it was lowered to the desired depth, the 
bottom was made good with concrete, and an air 
lock was fixed in the shaft. An iron cylinder, 
6 ft. 4in, in diameter and 8 ft. long, was then put 
in at right angles to the shaft, and beyond these a 
series of other rings were added, each increasing in 
diameter by 18 in. over the one behind it, but 
arranged so that they are ranged on the top, As 
soon as the size was sufficientlly increased, this tem- 
porary work was lined with concrete, and the perma- 
nent structure was pushed forward from it. Each 
gallery is built within a circular iron cylinder, made 
up of rings 30 in. wide, These rings are composed 
of 14 plates. As a rule five euch rings are put into 
place at the same time, as the silt through which 
the tunnel passes is sufficiently tough under the 
pneumatic pressure to be excavated with ease and 
without danger. As the work advances the rings 
to the rear are completed, the forward ones near 
the face of the excavation being lessadvanced. The 
ironwork is lined with bricks, this part of the work 
following up that of getting the rings into place. 

e average rate of advance is now 4 ft. ps day, 
four times as much as when the operation of driving 
the tunnel was commenced in February last. The 
depth of the tunnel below the bed of the river is 
such that a thickness of 20 ft. of silt covering is 
maintained over it, 

MALLEABLE NICKEL. 

A process has been recently perfected in Germany 
by Dr. Fleitmann for producing nickel in a malleable 
form, which has been recently introduced with great 
success at the nickel works of Iserlohn, and also at 
the works of MM. Gaspard and Belle, at Lizy-sur- 
| A Y gw on this Le toy lately communi- 
cated by M. 'l'roost to the iété d’ Encouragement 
pour l’Industrie Nationale, Metallic nickel ob- 
tained from the decomposition, by a battery, of the 
sulphate of nickel and of ammonia, is a very malleable 
pe i ductile metal, with a tenacity, according to M. 
Saint Claire Deville, far higher than that of iron. 
On the other hand, nickel cast for the purpose of 
being rolled, loses most of its useful qualities, 


-| becomes porous and very brittle, it cannot be ham- 


mered, breaks up in the rolls, and cannot be drawn 
out into wire of small diameter. Up to the nt 
time nickel has been ve ase are for deposition 
on iron and other metals, but hitherto it has been 
impossible to obtain large pieces which can be rolled 





down into plates or drawn out into wire. The 
Fleitmann process appears successfully to have 
overcome this difficulty. In treating the nickel by 
his method, the metal is first reduced to complete 
fusion, and carefully cleaned of all scorie and other 
impurities ; small quantities of zinc and metallic 
magnesium are then added, and well combined, 
The metal can then be cast into ingots, and will be 
found to possess high qualities of ductility, and can 
be rolled out into very thin plates. It can also be 
readily welded, either to i or to plates of any 
other metal. By taking advantage of this property, 
iron plates are covered with nickel much more cheaply 
than by the ordinary method, The following illus- 
tration may be given of its oa, gy oh A plate of 
nickel, p;in. in thickness, may be welded to an iron 
plate by bringing both to a red heat, and then 
ing them through rolls or under a hammer, and the 
compound sheet may be reduced until the nickel 
covering is only soy in. in thickness. In the same 
way iron wire coated with a film of nickel may be 
readily drawn down. 
Continuous RatLway Brakes, 

The Board of Trade has issued a circular to the 
various railway companies on the subject of con- 
tinuous brakes, in accordance with the promise 
recently made by the President in the House of 
Commons. In this circular the Board points out 
that but little progress has been made in the applica- 
tion of continuous brakes, and still less in the deve- 
lopment of harmonious action on the subject amongst 
the various companies, At the close of last year 
the returns showed that not more than 23 per cent. 
of the total number of engines, and 28 per cent. of 
the number of carriages, had been fitted ; while many 
of the systems adopted fail to comply with the re- 
quirements of the Board of Trade, as prescribed in 
its circular of 1877. The Board attention 
to the fact that the question of continuous brakes 
has been brought officiaily under the notice of the 
companies on many occasions, commencing in 1857 
in connexion with a report on the subject by Colonel 
Yolland, while it was also especially alluded to in 1862 
and 1870, and finally in a definite form in the circular 
of August 30, 1877, when the special requirements 
to which it was n the system adopted should 
conform, were clearly defined. How little has been 
done in accordance with the Board of Trade sug- 
gestions has been shown by the returns, both as 
regards number of a and efficiency of 
systems adopted, and it does not appear probable that 
much more will be done unless pressure be brought 
to bear. That this is the opinion of the Board of 
Trade is evident from the following paragraph in 
the circular: ‘‘ The Board of Trade are now as 
heretofore most desirous that action should be taken 
in the matter by the companies themselves, and that 
the interposition of Parliament should be rendered 
unnec But it is obvious that such a state of 
things cannot be allowed to continue indefinitely, 
and that if the ——— decline or fail to act in the 
matter, steps no doubt will be taken to compel them.” 
This significant paragraph is coupled with the re- 
wg t the various companies will, on or before 

e 3lst of July next, refer to the Board of Trade 
not only what steps they intend to take in the 
matter, but whether they will give an undertaking 
that the passenger trains upon their lines shall, 
within a period to be named, be fitted with brakes 
that shall really comply with the requirements laid 
down in the circular of August, 1877. an * by the 
railway companies themselves, this action will be uni- 
versally oy ote ee As we recently pereied out, suffi- 
cient time has been allowed for full consideration of 
the subject and for the extensive adoption of efficient 
systems; the ive resistance offered to the re- 
peated demands of the Board of Trade render i 
we fear, rather doubtful whether the companies wi 
accept without further opposition the new phase on 
which the question has entered. There can, how- 
ever, be little doubt as to the ultimate result, and 
the public may, therefore, look forward to the pro- 
bability, within a reasonable time, of a combination 


_of increased safety with high speed of travel. We are 


informed that one important compsany—the North- 
Eastern—had, prior to the issue of the Board of 
Trade circular, resolved, after prolonged and most 
exhaustive trials, upon the adoption of the West- 
inghouse brake for the whole of thei- passen 
stock, which will be fitted as rapidly as possible. 
The Board of Trade will therefore receive, at. all 
events, one eatisfactory reply to their demand, since 
the system selected by the North-Eastern comp 

as is well known, with all the requirements 
down officially in 1877. 
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THE CONSTRUCTION OF GASHOLDERS, 


Modifications and Improvements in Gasholders and their 
Golde Premtng for withstanding Wind Pressure with 


Certainty, and with Reference to the 
Practic lication of the Central Column Principle 
of Guiding. 

By Groner Barker. 


Tus of this paper is to elicit a practical discussion 
wie Ub tee sack lt guiding large gasholders, so as to 
successfully withstand the 


an equally discussion, was contributed to the 

Association on tbe of When at the 

request of our secretary I undertook to furnish a 
stopped 

haus the interest of the questions then raised, and that 

the continuance of that diversity of opinion and practice 

among , to which Mr. referred, 


of opinion seems to have been evidenced 
degree by the discussion following the 
re mal my Mr. Harry Edward Jones in this building, 

‘ore the members of the Institution ivi i in 
June, 1875, oy five 
President, , , said: ‘The paper had at any 
rate elicited the fact that acturers were not 
unanimous. He hoped their differences would result in an 
of manufacture, 


they would receive the hearty thanks of the country.”” In 
the discussion on the last-named paper, the most radical 
differences of opinion were regarding the form. 
construction, and strength framework, an 
7s ——- —— = _ in —_ meee 
reat divergences of opi ill exist is clearly prov 
by the variet of designe and h of structures recen: 
t and the stability of these » ures varies as muc 
ce. The author thinks there ure 
three causes which bring about this state of things ; 
the first and by far the + thing being the uncertain 
data i oh apna 6 dap ccemmtend died cases 
is the great difficulty which exists in making any reliable 
calculations of the stability of the framework, because of 
its —— form; and the third is the treacherous 
ma used. 


As regards the first uncertainty, viz., wind pressure. 
We have recently had our stock of data in in con- 
‘ay Bridge inquiry, but the evidence ad- 

to increase the difficulty of arriving at 
bonne dhe Astron: ver Boval mid ant es ae 

. omer ° tthe maximum 
wind pressure recorded at Greenwich was 40 |b., and 


as t) 


the instrument gave way. If it had not given way, he 
— it would have registered 50 lb. pressure per square 
‘00 


He believed that was sometimes exceeded in Scotland, 


and it —_ reach from 50 Ib. to 100 lb., especially in the 
pe 1 Tay, and that in some notes based upon rough 
calculations he 


put down 120 1b. to the square foot as 

what should be provided against in that i locality. 

ai Sa a eet as ane 
in opinion © 

As 4 al that the wind in Scotland mi ht rise to 

& pressure " 

Dr. Pole t ht that 2 201 


mare foot. On the other hand, 

per square foot was sufficient 

allowance for the wind in the case of the Tay Bridge. But 
Dr. Pole said under inati Mr. Bidder that in 
England there might occur a pressure of from 40 lb. to 
50 Ib. on the anemometer, probably more in Scotland. 
The late Professor Rankine gives 55 Ib. as a probable wind 
pressure, C. it is said that h engineers use the same 


n fram: the author has always taken 
Ib. a hundred weight) as the maximum wind pres- 


sure. 

ences 
presen’ 

work, and the consequent difficul 

stability, the data afforded by the Tey 


s _ 





points, viz., the complicated 
older frame- | 
calculating its | 
Bridge inquiry is | 
imilar to | 


strains upon the various members, 
uncertainties in such structures, 


in the 
before the British Association of Gas 








of Civil — a voy 
ago, when at the conclusion the | and 


as 18 and 19 tons per square inch, and registering 
low as 4 tons inch, the appearance of the 
f such tin: very ex- 
ceptional to the eye in the broken fracture. 8 
of coat ives under comprestion provebiy varies from Sve Se 
tensile strengé® and taking the lowest 
strength before ioned, we have a material 
of bearing 20 tons per square inch in compression, 
therefore, outebeucanee an mo In columns 
used around ders w any side may at 
any moment be thrown into tension by a sudden onded 
i cannot be considered the most suitable ma- 
terial, and ought not to be used unless the margin of strength 


be great. 

Tn the author’s letter to ENGINEERING before referred 
to of January last, 2 tons per square inch were mentioned 
as the most which can be relied upon in such portions as 
the piers of a bridge, and even this low estimate would only 

ly in the case of sach cast iron as would give an 
a strength in tension of, say, 11 tons per square inch. 

In the more ordinary classes of cast iron, such as that 
used in general foundry work, it would not be safe to count 
upon more than from 1 ton to 1} tons in tension. In gas- 
holder framework the {supports, whether stanchions or 
columns, are liable to the strains such as have been de- 
scribed, i.¢., in modern structures where the tops are 
supposed to be etedindy, evanestes together by girders. 
For example, supposing strains to be efficiently trans- 
mitted by these girders, then it will be clear that any 
column or endtien may have any part of its circum- 
ference or sides brought into either tension or com ion, 
as force lied inst any colamn from in- 
side the ci would draw the columns down, suppos- 
ing that the tension girders did not give way at their junc- 
tions, for the ring of girders has a tendency to straighten 
itself into two direct lines from the point of strain to the 
point of greatest resistance. The connecting girders may 
either be considered as acting like the links of a chain— 
simply connecting together the tops of the spright sup- 
& —or as a rigid ring or arch of sufficient stiffness to 

eep its polygonal form. Modern tice in the construc- 
tion of such rings is represented by Figs. 5 and 6, which 
is a short section of the outer frame of a 200 ft. gasholder, 
connected at the top by wrought-iron lattice girders 4 ft. 
deep by 12in. flanges, and the ends are butted her 
behind the entablatures, and firmly connected together by 
top and bottom fishplates of sufficient.section to make the 
junctions the stiffest part of the ring. Thus we havea 
wenty-sided re maintained in shape by, first, the sta- 
bility of each column, due to the sum of its weight, and the 
foundations grasped by its holding-down bolts and founda- 
tion plates ; and, second, by the 12in. wide girder which 


and plan, ly 
their side ; this has ths effect of producing a ring 4 ft. wide, 
bounded on both its edges AP in. plate and two angle- 
irons, which are properly p at the furthest position 
from the neutral axis of the beam, when resisting a force 
applied in the direction of the arrow as in the ious case. 

is simple modification would increase the stiffness of the 
ring by about 20 times its previous strength, ¢¢., it would 
have so much a greater power of resistance to alteration 
in its original ho and yet the same strength in direct 
tension, and consequently tend to insure all the 
columns acting in unison. i 

Tt has been auggested in favour of the old plan that the 
curb of the gasholder itself would help to resist any tendency 
the guide frame might have to collapse. But though this 
might tosome extent be true, it seems to the author a 
doubtful policy to calculate upon the gasholder sustaining 
its own guide frame, when the guide frame is designed to 
steady the gasholder. 

The cross-bracing rods between the columns are another 
element of uncertainty, and the author believes that no one 
has yet laid down any rule respecting the assistance they 
afford, and they are therefore generally thrown in, 
and it is considered that they can at least do no 
harm if they do no good ; but perhaps we may be favoured 
with recent and reliable data regarding this point. To 
present to the eye an appearance of strength which may, 
or may not, exist in reality, is a condition of things 
which leads to waste of material, or else to a false 
sense of security. The statement made, I believe, by 
a very high authority (Mr. Hawksley) that where the 
columns are properly tied at the top the total strength will 
be the stability of one support, multiplied by the whole 
number, is no doubt a safe conclusion. But there are those 
who advocate the opposite theory, viz., that the framework 
may be consid a solid ring, or its equivalent, with .a 
base equal to the whole diameter of the holder. The 
author believes, and no doubt many gentlemen will agree 
with him, that the truth lies between these views, but 





forms the rings. 








> ee: 


‘*where”’ is the great question. 























fig 7. 
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middie column on Fig. 6, in the direction of the arrow, 
and it will be at ence obvious that the girders are placed 





The present form of the i i is such that 
i posite to do more thaw sy that they assist 
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ways, close to their — with the uprights, and thus 
their intended utility as connecting members 
would be destroyed. 

The author has now the pleasure of ing before you 
some 8 tions of guiding gasholders by a central column 
instead of by outside framework. The central principle, 
though known eS gg ago, only occurs, I believe, once 
in the Patent Records. It is there mentioned, and illus- 
trated, in a very crude form as a mast guiding 
holder intended for producing gas from petroleum. This 
small holder has its top corner or curb rounded similar to 
the holders built at Beckton. The specification is dated 
1872, and is in the joint names of T. A. Howland and C. G. 
McKnight. Gasholders on the central principle have 
been constructed more than twenty years ago, by Messrs. 
Thomas Piggott and Co., for S . They were small, 
one-lift holders, guided at the centre a wood post or 
mast, which was to allow the holder to slip up and 
down easily. A central guided holder was also erected at 
Horseferry-road some twenty years ago and this is said to 
have failed because it was unsteady. About this time, also, 
Messrs. Thomas Piggott and Co. commenced to make a 
gasholder which was to have been guided by a central 
colamn, but the idea was given up, and the holder was 
completed with outside es. A length of the central 
column still stands in the maker’s yard at Birmingham. 
Itis 8 ft. long by 4ft. external diameter, and is provided 
with internal flanges for bolting the various lengths to- 
gether. It is not improbable that the unsteadiness of the 
holder at Horseferry-road led to the abandonment of the 
one commenced by Messrs. Piggott and Co. There is also 
in St. Petersburg a two-lift holder 130 ft. in diameter 

ided by a central column which is still working satisfac- 

rily, but this holder is not subjected to wind pressure, as 
itis protected by a strong brick building. e central 
column is composed of cast-iron plates lightened out, and 
has doubtless been used for the twofold purpose of sup- 
porting the rafters of the outer building and of guiding 
the holder, the latter appearing to be quite secondary. A 
— under such conditions can have but very little 
to do. 

By the courtesy of Messrs. Laidlaw and Son, of Glasgow, 
who made this holder, I am able to lay upon the table a 
coy of the ee. There >! have others tried, 
and the author will be pleased if his paper should have the 
effect of bringing them forward for discussion. The 
guiding columrs on the central principle, which are shown 
by the diagrams Fig. 2, are so simple in construction that 
@ practical man with a 2-ft. rule may ascertain in a few 
minutes their resistance to overturning, which will be 
shown by experiments and calculation hereafter. The 
central column is composed ay of earthwork exca- 
vated out of the tank, and surrounded by a suitable casi 
or casings made from the most suitable materials at hand. 
The author’s first idea was to concentrate at the centre of 
the tank one-third of the present outside columns, so as to 
tie them together by direct cross girders at the top, and so 
produce a stiff support. But in going further into the 
subject it was manifest that a number of rings tied together 
at the centre, though a great improvement upon the present 
system, would neither be so stable nor so economical as a 
single tube of considerable di r filled with earthwork 
excavated out of the tank. The modification shown is, 
therefore, recommended as the most stable. It will be 
noticed that one of the principal features of this system is 
the arched instead of the dome, form of roof, which falls 
partly towards the outside and partly towards the central 
column, reducing the span by more than one-half. i 
form of roof adds greatly to the stiffness of the holder, and 
at the same time effects a saving in material as —— 
with gasholders having trussed roofs. The author believes 
also it will be found tbat this plan allows of a holder being 
constructed which approaches nearer to the correct 
theoretical form than any other, for its outside may be 
made omy flexible in all directions, while at the same 
time it is thoroughly tied together in every The 
holder shown by Fig. 3 is formed very much like an 
umbrella of a large number of light ribs, which spring from 
the cup and form a parabolic at the top, fir resting 

inst the central tube, or —- down both sides alike. 
The general shape is maintained by diagonal truss rods, 
which radiate to the centre of the inner tube, and tie the 
whole together. 

This mode of construction is very clearly illustrated by 
a modern bicycle wheel with its large number of very light 
radial rods. All the ribs, a aE eye the diagonals, 
concentrate at the inner curb to stiffen the ring for receiv- 
ing the roller carri to guide the holder. It will be 
observed that in this, Figs, 9 and 4, no truss rods are used 
in the roof, because the small span of the arch and the 
—_- the vad —_ the di = i i 
qui -suppo when gro’ 

It should be carefully noted that there is no existing sys- 
tem of either trussed or untrussed roofs which be 
used with equal facility ; indeed, whichever kind of roof is 
—_ ree —— be oo in the vessel ee 

option o cen system. 4 exposed 
the wind is also less, because when the roof has risen to- 
wards the centre of the arch it then commences 
towards the central column. This arched form 
lessen the capacity of the holder for storing gas, but merel 
removes a totally useless space, as the gas which accum 
be drawn out. The centre 


internal 
reduced by this proposed mode of construction, because of 
the reduced weight of the holder. This is poy not 
advisable, because the inner pressure should no doubt exceed 
the greatest outside ressure of wi for the purpdse of 
preventing any liability of the plates ing inwards, or 
any vibrations of the plates, and this remark especially 
applies to holders with untrussed roofs. It would certainly 








of the water. 


calamity, and ought to be most carefully guarded 
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NO Z) 





internal pressure too much, but 














The author remembers some 20 years ago 
This tipple, the bottom edge on one side lifting out of the water, 


at the same the ing gas took fire. 
dark the effect of ea eee was 








seeing a gasholder 


and impressive. 


Fortunately no lives were lost, but if was a sight not easily 
. It may be objected that the water in the inner 


forgotten 

cup will be liable to freeze, and 
position. It will be therefore 
similar position on the 
when covered by hinged 
nary well, in which the 
from winter to summer, and 
over or under 50 deg. Fahr. 


would be in an inaccessible 


well to remember the 


inner cup of a central column holder, 
plates, to that of water 

temperature does not 

will generally be fo 


in an ordi- 
very much 
and a little 
to the depth. The 


inner cup freezi id certainly present a difficulty until 


last winter, but i 
the outside cistern w 


author’s house became solid ice, and the su 
ing from the pu 


—_o - 
was most agreeable, 
used. Reverting to the 
remind you that stabili 


iid 


as the “‘ cubes’’ of 


ty 
ility of hollow 
squares of their diameter ; this shows the 
columns over small ones; but the stability of solid ¢ 
ir diameters, which is a fact 


higher 
of columns, I 
columns increases as the 


the long hard frost which 
supplies the bath-room at the 


rm had to be 
tC) perature 
than that previously 


of 
columns 


the advan 


increases 

that has not been taken advantage of in the 
holders. The results of a few 

in the annexed Table. The tubes 


E 


The little models on 
of two columns of different 


of 
i cule are grn 
erred to in the 


one thickness. 4 
the table illustrate the stabilities 
diameters, one em 
other filled with sand. The small tube is 1 in. 
diameter 


and the 
diameter 














The night being | base 




















But it must be remembered, that 
could be brought into action, the 


to 
probably because 


is removed which caused 
amo. the weak points 
ce’ ly is desirable that the tank walls should 
from _ as 


columns. It is 
much troublein leakage has been caused 


in way: 
The fact that the weight of the columns would 
crack when the tank is empty, rather increases the 
than otherwise. under such conditions 
iron plates and rolled joists 15 in. deep 
pw he the taco with 6in, deen 
duplicates. The plates are placed inside the 
with roughly bu joints, double-rivetted 


: 
: 


i 


iH 


continue a secret for a time, and thus 
trouble and ts a 
wrou 
6 in. wide 
also at each side of the web, thus f the 


e 
The qaial chee is shown as composed 

These joints are stiffened sideways by 240 T-iron 

gusset ribs, all of which are bent to one block 


= 


Fig: 9 
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their want of stability 
ch as guides, guide rollers, &c. 

as now proposed for the central 
rollers, viz., one front main 
1 rollers. 





“a details, eu 
system are shown with tri 


roller, and two small side 
When it is remembered — great Se Neies are for 


t outside guides, how easily fitted, 
y contraction and expan 
the author believes that a central holder would ride quite 
as steady as an outside one, and it would be read 
with greater facility at the centre than at the side. 

the whole success 















































depend first upon a perfectly 
stable colamn, which can certainly be obtained, and next 
ils of carriages, neither of 
difficulty to a practical e 
land is scarce and dear, the central system will 
have the advantage of storing about 20 ; 
than the same area of ground would on the existing 
i with outside guides. 
Hitherto no mention has been made of economy, indeed 
y avoided. First, because it seemed 
desirable that the system should be compared as 
» apart from cost altogether. 
stated that economy in 
plant—is no‘ an inducement 





SS any rateas 
companies. 
Wel cooneen is 


the dead weight in 
equally the case should the outside framework be reduced 
in weight, for when it is seen how cheaply stability may 
be obtained by this system of concentration, it will also be 
evident that whatever outside system may be adopted, the 
can be given by concentiation with about 
one-sixth of the same metal. 

The author is however quite content to place the figures 
stabilit targa b= coon t safely, th 
stability. ing ro \ , the 
gash she aren ton will, be about bi per 
taking the dead and floating ironwork together. 
15,0001. for the outside 

stem, will only coat 12,0001 for the central system. 

r one on the outside 

i for 80001. on the cen’ 1 
figures are fully borne out by actual tenders sent in by 
i Pues arenes He diagrams on 


his paper. 
i for the central system may be 


an important matter, and it isa consider- 
it may be considered that two- 
this 


in the extra margin of 


corting for ironwork 





the wall, and are 


. Stability can be obtained with absolute certainty. 
. Storage capacity per square 
metal for 


ity of vessel, lower, 
e tank walls, none. 
. First cost, 20 per cent. 
t of tank equal in both cases. 
mclusion the author wishes it to be most clearly 
understood that the reference made 
pa and connecting girders es 


= for the purpose of eliciting a discussion 
modern practice is, in outside frame- 
the suggested central system. 


foot of ra hed per cent, 


work, as compared with 





ParntTer’s Hyprostatic Piers Jornt.—We learn that 





Tax “ Parncs Henprix.”—The Zeeland Steam Navi- 
i ve just added a fine new iron steamer, 


fhe Prince Heudrik, (o their 


5 
are : | den 





TESTS OF A BALDWIN LOCOMOTIVE.* 
By Jonn W. <r es, Member American Society 


Enarne No. 36, of incinna*i, Hamilton, and 
Dayton Railroad, is a Baldwin four-driver locomotive with 
16in. by 24in. cylinders, and 61 in. diameter of drivers on 
the tread. The total weight of engine, with two gauges 
of water, as weighed for trial, was 72,220lb., of which 
44,800 lb. was carried by the drivers. The weight of tank, 
void of water and coal, as weighed for trial, was 23,480 lb., 
and with coal and water, My ao tee 
run), 47,398.36 lb. 

At Hamilton (firss stop) the tank weighed 32,075.04Ib., 
showing an expenditure, during the run, of 15,323.32 Ib. 
coal and water; of this, 13,508.36lb. was water, an 
1814.96 Ib. coal. 

Upon leaving Hamilton, the weight of tank, coal, and 
water was 45,583.40 lb., and at Twin Creek (second stop) 
35,150.08 Ib., showing an expenditure, during the run, of 
coal and water, 10,433.321b., of which 8618.36lb. was 
"Upon lenving: Twin Greck, th ight of tank 

n leaving Twin , the gross weight o' was 
42,880.08 Ib., and at Dayton (third stop) was 31,755.38 lb., 
showing an expenditure of coal and water of 11,1247 lb., of 
which lb. was water, and 1474.7 lb. was coal. 

The average dead load of engine and tender from Cin- 
cinnati to Hamilton was 

72,220 + 47,396.36+382,075.04 _ 411 956.7 pb. ; 





2 
from Hamilton to Twin Creek the average dead load of en- 
gine and tender was 


72,220 + 45,583.4 Some = 112,586.74Ib. ; 
and from Twin Creek to Dayton the average dead load of 
engine and tender was 

72,220 + 20 = 109,537.731b.; 








The distance from Cincinnati to Hamilton, as rnn, was 
24.7 miles, from Hamilton to Twin Creek, 15.87 miles, and 
from Twin Creek to Dayton, 17.09 miles, and the average 
dead load of engine, tender, coal, and water for whole run 
was 111,413.33 lb. 

The resistance was obtained by a train of thirty-five 
loaded box freight cars and caboose weighing 1,454,470 lb., 
making average gross load from Cincinnati to Dayton, 
1,565,583.33 lb., or 782.942 tons of 2000 Ib. 

The engine is used in hauling express freight, and occa- 
sionally in hauling express ger trains between Cin- 
cinnati and D; nm, and been out of the shop twenty- 
two months. At time of test the engine had a record of 
55,471 miles, and excepting the caulking of a seam in the 
waist of the boiler, and the setting up of the brasses in the 
rods, was run without any attempt to improve its condi- 
tion. Of course it would not be held that the engine was 
tested under as favourable circumstances as though it were 
just from the shop, or ran but a month or so on light 
traffic. he test, however, was not to ascertain what 
locomotive ars and boilers do under favourable con- 
ditions, but what they do under average conditions. 

The company owns engines of nearly every popular make, 
but as the wia is probably the representative American 
locomotive, and is wal known in every part of the world 
where railroads prevail, one of these was selected for the 
experiments as being capable of more completely reflecting 
American locomotive ice. 

It is to be that so little test data exist upon the 

ormance of American locomotive boilers and ines. 
‘The English and French engineers have given no incon- 
siderable attention to the economy of locomotive engines, 
whilst in this country the tests are few, and so far as the 
, excepting these herein detailed, 
covering the connected performance of 

boiler and engines 


In the present instance much of the 
experiments was hastily improvised, an toa 
given time in i ran from Cincinnati to Dayton, 
no opportunity was i & preliminary test by way of 


apparatus for the 
g 


obj of the test were to ascertain : 
. The economy of performance of the boiler. 
2.. The evaporative of 3 
3. Relation of heating surface to power developed by 
connected engines. 
4. Relation of grate to coal burned. 
. The wna f of performance of the engines indepen- 








innati (commencement of t 





Tez 
ae tte is le, and the readings that 
ne: im: ‘ 
Seen 
The temperature of 


every two minutes during the After the tests were 
completed the tank was filled to highest. gange point noted 


to 
correspond with mean observed temperatures of water 
during the runs. No steam was blown into the feed pipes 
to heat the water during the tests. 

The engines were precisely of the same dimensions except 
in the piston-rods; that of the left engine having been 
renewed previous to the tests, and increased .0625 in. in 
diameter. The diameters of cylinders and strokes of pistons, 
areas of steam and exhaust passages, travels and laps of 
valves, valve functions as measured on the fimides, and, of 
course, the revolutions of both engines were the same ; and, 
without data to the contrary, one would suppose that the 
load was equally divided between the two engines. To de- 
termine whether the — did equal portions of the work, 
each was tely i ted. One indicator was attached 
to each cylinder; this was set forward of the mid-length 
and vertically over the steam chest ;. both ends of cylinder 
were piped to the indicator ; the pipes from forward end and 
7 e ater end were of the <— estaloan-« = b bore and 
ength. open-way stop-cock with lever was set 
in each branch of the,indicator pipes to cut off the opposite 
end of cylinder when taking the diagram, and to shut off 
both when indicator was out of use. The pipes were 
necessarily of short lengths, and were carefully rounded at 
the ends and filed for whole length to offer as little re- 
sistance as possible to the flow of steam. 

The indicator springs were made for the experiments by 
the Buckeye Engine Company, of Salem, Ohio, and were 
very accurate as developed by direct load test and precisel 
alike in their action. The ms were taken on the left 
engine by the writer, and on the right engine by an ex- 

en assistant, and were taken simultaneously first 

m forward, then from back end of cylinder, from signals 
given on the engine’s whistle. The di ms were 
every two minutes during the run, except at times when 
engine was on down e and steam shut off. Excepting 
certain diagrams, to which attention is directed, all were 
taken with throttle wide open and speed of ine ¢con- 
trolled by the links and reversing lever. In ition to 
the operators at.the indicators, two assistants rode on the 
pilot of the locomotive and noted on the diagrams the con- 
secutive numbers and engines (right and left) from which 
they were taken. 

rom Cincinnati to Hamilton water tank, a distance of 
24,695 miles, the run was made in one hour and 26 minutes, 
coring which time were taken forty diagrams from each 
end of each cylinder, or eighty cards from each engine. 
From Hamilton to {Twin Creek, a distance of 15,869 miles, 
the run was made in 42 minutes daring which time were 
i from each end of each cylinder, or 
forty cards from each engine. From Twin Creek to 
Day ate 0, dintonen 10,904 miles, the ron was made in 
42.5 minutes, during which time were taken twenty-one 
ingress from each end of pons cylinder, or forty-two 
rom each engine; making diagrams in a total 
run of iY nite, 9 an average of nearly six diagrams (both 
per ran. 

The track in plane is composed of a succession of curves 
and ts. Cincinnati to Dayton the road was 
divided into ninety-six stations, each station indicating the 
southern end of the curve, simple or compound, or tangent 
as the case might be. From les of the road-bed and 
the civil engineer’s notes, a was prepared showing 
the succession of the stations, grades, and levels, distances 
from station to station measured in the centre of track, 
anqules deflection of curves, degrees comprised in the arcs, 

ratio of ascending or descending . An observer 
sat at the right cab window and noted the time, to seconds, 
of passing each station. 

A calorimeter consisting of a coil of drawn brass. tube 


useless ; : 
observations of condensing water expe * 

* The writer would suggest that whilst it is an easy 
matter in di ents on stationary, marine, or 
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The boiler pressures were taken from a steam gange|the load. The engine was then run on the scale and the] boilers of similar dimensions should be approximately the 
made for the experiments, and by mercury column, prac- | gross weight taken. same whether tested in this country or the. other. The 
tically accurate ; a speed counter, taking motion from the "eae “Baldwin” boiler was not tested to obtain maximum 
swinging arm attached to the crosshead of the left engine Firebox, length insid: ~~ 63.00 i results, but to obtain results under conditions 
to drive the indicator, was secured on the after end of cab. at ¥ ee 3 60.50 ™ of performance, and in the writer’s opinion, economy, 
The writer was extremely anxious to obtain a correct “g + teh . - 34.50” as shown during the run from Cincinnati to ilton, is 
record of the revolutions of drivers; to arrive at the im- Barrel length * f gi 4 ” excellent. 
perceptible slip, the exact running distances were care- ” diameter... ee. The capacity of the boiler during this run in steam per 
fully meas by the civil engineer of the road subse- Smokebox length es - 33.50 % , from and at 212 pings Aye was 10,586 lb. of 
quent to the tests, as also the running times during the Tribes, len: , lin”. . ae steam hour, or nearly 2 lb. evaporation per 
tests, and with a correct record of the revolutions, the diameter (outside)... |. 2.00” square boot of heating su It. is custo: to esti- 
greener ty of —; of he ae Se we nukber $i 3 133°” mate the capacity of a tubular with draught, 
of runs co ve no wi recision. ‘ +. fe i uare feet rface* horse power of 
The counter record, however, covers only the first 16 miles Heating surface in ate ns = sup. ft. onan of connected slide ny roe oy in this run 
of the ran from Cincinnati to Hamilton. The time was 1 + fr +t tube heet 10.00 ” 3.243 square feet of heating surface were required 
token from a lever clock * the cab . the engine, and the ie ée a te — Pe a horse.power of counected engine. The slide at ome of 
signals were given regularly eye’ wo minutes on the -° a sei, we 7 0, ‘ inks, an 
whistle. Fifteen seconds previous to each reading, two| * Cr0sssectionof tubes (calorimeter) 346.36 sup. in sreanern bpll-diccen aad te didiamses Saleen We ar 
short blows were given to notify the observers of an ap- Ares Seunvaie : Pw me 15.09 sup. f pacity with natural draught, and as developed the 
proaching observation, and upon completion of each two- Ratic Py ote AT ry 50 sup. ft ran, is due to the effect of blast. The 8 
minute interval a single sharp blow produced a simultaneous > * oe to calori 647 unusual economy, as will be shown, assuming the 
action of the assistanis. = grate _ 62 expense of steam per power per hour as 45 1b., then 
It has been intimated that test data on the performance Ratie ¢ eniacinahen to thienhar 37 the heating surface per horse power of connected engines 
of American locomotive ines are scarce. The master Ste ~ "1 ber 7 ey 1s becomes 44 square feet, and the ratio of effect of boiler with 
mechanics of the various rai s assemble in convention — diam meter (inside)... 28.503 blast to effect of boiler with natural draught, is i 
once each year, and discuss a list of topics pertinent to vo ight (inside) ... _— 15 x $2.8 
locomotive practice from an experimental standpoint, and, Gunter él heig Ft = ~» 28.00, Rnnteh nn ee % Y 
singular as it may seem, two master mechanics in different Ree +f ome, centre ys ng hs 3.243 X 45 
parts of the country will test the same improvements ne Samah, ORERERIEE MESHOR 5 With natural draught, the expense of coal per hour per 
under the same conditions, and obtain diametrically oppo- Dimensions of Engines. square foot of grate would have been about 25 Ib., and 
site results, one lauding the improvement as a ificent Number of cylinders lee ane 2 during the rum the rate of ques: of coal referred to 
success, and his opponent condemning it as a miserable Diameter a bso we 16.0000 in, area of grate was 84 lb. ; hence ratio of effect with blast to 
failure. (Vide ‘‘ Annual Reports of the Master Mechanics’ Stroke of pistons... fe ee 24.0000 ,; effect with natural draught becomes 
Association.”’) Diameter of piston rod (right) os 2.7500 ,, te teens ‘842. 
Of course such experiments as these are worthless, and ” *” (left)... 2.8125",; ° — =3.36. 
the sooner locomotive builders and railway companies learn Effective mean area of piston 8 1 ‘ : 
to test by systematic methods the machinery built by the (right) ... ss ae.’ 198,0000'sq: in. | -‘Tho-ram‘from Hamilton to Twin Creek occupied 42 mi- 
one and used by the other, tke sooner will locomotive Effective mean area of piston ' nutes, during which time 8618.36.1b. of pens pened 
practice appreciate that of the marine, pumping, and auto- (left) as EE Saga Ee Sy ‘into the boiler, and 1814.96 lb. of coal were on the 
matic cut-off engines. Clearance in parts of stroke ... 0760 §,, grate. as before, at 5 per cent,, the 
Whenever railway companies are taught to buy locomo- Increase in stroke due clearance... 1.8240 in. saturated steam furnished his‘ ran was 8 1 it lb. 
tives as municipal corporations buy pumping engines, and Area of openings through throttle 12.6646 sq. in. | The Ay ang 3c per ponnd of coal was 4.5 Ib., or and 
steamship companies buy marine machinery, then and not 9» Steam pipe awe? oh = -99-9000--*,; at 212 deg. Fahr., 5.341b.; but the capacity of the boiler 
earlier will the economic and capacity value of the locomo- 9 »» ports (15 inches by from at 212 deg. Fabr. was at. the rate of. nearly 
tive engine advance: 1.25 inches tithe a 14,000 lb. of steam per hour, or 13 lb. of steam per square 
The writer must not be understood as denying excellence Area of exhaust ports (15 inches by foot of heating surface per hour. During this run the ex- 
in the American locomotive ; upon the contrary, that excel- 2.50 inches eal: desc. oe RAs pense of steam per hour per horse power of co 
lence is fairly proven by these experiments ; but while these Area of exhaust nozzles ... .. 5.9400, engines (based on total saturated steam furnished) was 
experiments are convincing as to the merits of the Baldwin Travel of slide-valves in full gear 5.3125 in. 33.41b., and heating surface.per horse power developed « 
engine, they do not show the precise position of the engine Steam lap on slide valves... $4 -8750-,, yHe 83.4° - +) wae barry 
in the scale of merit. The Baldwin is generally recognised Exhaust bap ” one -0625 ,, , = | ened square feet. a ee Orca 
as the representative American locomotive ; and, certainly, Diameter of drivers (four):.. © ... 61.0000, ae ee i : 
if enterprise and liberality isa gauge of merit, then the Driving wheel base... i 8.0000 ft. Estimating, as before, with natural draught, 15 square 
Baldwin Company is entitled to the palm ; but, independent Total a ee eee ee feet of heating surface per horse power of effect of con- 
of any general impressions that may prevail in behalf of Weight on drivers ... deo «. 44,840 Ib. nected engine, and 45 lb, as the expense of steam per hour 
the Baldwin, the , or the Grant locomotive, it is to »» . of engine (total) with two per horse power d by , then the ratio of 
the emer oe ¢ oe of these “on to ‘ lace their gauges of water ... ae 72,220 ,, effect of blast to effect of natural ht is 
machinery before railway companies, not upon the opinion . . 15 x 33.4, 
of any or all master pane Be ao but upon = feunielion of In the annexed Tables® he f boiler and fi perfor: ? 5 ars ge 7 #582, 
facts, and these facts to be obtained by methods that |‘#¢,¥2s from Cincinnati to Hamilton, from Hamilton to 2.57 x 45 ; 
leave no room to doubt the puasmunedl value of the | 2 Wim Creek, and from Twin Creek to Dayton are separately | and, as before, estimating pone of coal per square 
sindhietes considered. foot of grate per hour with draught at 25 1b., tken 
There was a period in the his’ of American railways As the boiler is the soures of the We Se eneee the ratio of effect to blast to effect of natural - ie 
when the economic and capacity value of a locomotive was , the fuel bar a urnace is the source of | with a consumption of 172 lb, ,of coal uare foat of 
of very little moment. Tr om engine was incapable of peda] ot ee eee mens ot peineline: the calertte grate per hour as di the run: . 
hauling a load between given points in s given ti time, the | into tas porforttance of ~ Bice ad inquiry 172 7 nearly. 
was divided, and two engines men rage * ° : 
were employed to do the work. If the expense of fuel to PB i Tag gh me gyg’» Baryon cnewaiel one hour! tm the run from Cincinnati to Hamilton: it has been 
Overcome a given resistance in a given time was twice what | {)) ue Beare: into the boile stop, cares = Paap shown that the ratios of effect of blast to effect of natural 
it should have been, no interest was felt in reducing it, as vsinet 1814.9 ib pode) By the nolioh ma ar 88 | draught, by heating surface per horse power of. connected 
fuel was cheap and dividends large. This, however, is not | PSN"00 | cio" oat nou it j th fodt | BSines, and by coal burned per square foot of «grate per 
the condition of American railways at present ; a few com- the toile eG mie Pyne pp oue wees hour, were approximately the same; whilst in the ran from 
ies can profitably neglect the cost of operating their penis. 2709, ts by th Dyes yw ub. from Hamilton to Twin Creek the ratio by coal burned is nearly 
ocomotives, and whilst (so f.r as the writer is aware) no pettortent ont the fact haa been  establi Cog oa om 65 per cent. in excess of ratio by heating surface. Neg- 
intelligent effort has been e by any railway com; lye ea be . boiler exoeet lecting the loss of heat by extra radiation during the run 
to materially advance the economic an ad capacity Santon pis acer p Adggg 7p yesrised, 30 f locomotive | Which was very and assuming the gonaniaption. of 
of their engines, the desire to do so is manifested quite the | Poiturs are not Seiubllad ofsk ounal pelt hy =r fuel per square foot shire wy coe os the blast, 
same. : ne : and the blast to vary di as steam ex- 
Unfortunately railway managers are rarely qualified to po og a ym oa feat re corte. ‘ & into < the total | hausted per second, the ion of emg oo ware 
examine and criticise the precise performance of locomo- | Jnit4 ” tite ars ‘te for taking the data nroe shich | £006 of grate per hour for run..becomes 120.75 lb., 
tives, and are compelled to rely entirely upon their master | 42" rail be catimabal’ wena cect —_ bat | #0d the ratio of effect of black tn affect of natural draught 
mechanics to fill the position of an expert as well as a] 4° Poglisence of the assistant chargel with: the ork of | ®8 measured. by the coal dis . : 
superintendent of machinery. From an extensive acquaint. Sheetrelien defeated this part of the ol ge The relativ 86 4 494, 
mg wt to the any woeen & inte yaa Eo the writer large heating surface to water carried, excellent circula’ wy e 
ye iscover the superien' lent an success- P 4 F 
fli "ombodiod in the ‘nto pareon and experince has [404 hgh tomporstare of ware gues ao all calculate | The coonomy of prformance of th baler or the ert 
shown that he who is eminently successful asa superin- | Fo Cont. for each ran; henee saturated steam furnished | very low during the ran; but the economy is based on the 
tendent of men is very unlikely to develop fo te ar ee a : 4, eee ee See one y 
talent as an expért first ran was 12,832.941b., and steam pound of | total coal with no allowance for that blown -nn- 
Without adverting further to the “eternal fitness of | 00817-0706 Ib., or estimated from_and ab 212. 
ee in the ge ag =e dev ene Syren chimney by the blast at 5 per cent. and efficiency 
ocomotive engine, the writer w 8 t . . 
of a Baldwin engine has for its object the creation of a | 9% 0 per cent. an equal weight of carbon, then 
— interest upon = rent of ee ned mo and | from and at 212 deg. Fahr. was rom =9.77 lb. 
way companies in this em’ mac s 4 : , : 
In the following. Tables are ost f the dimensions of boiler} _Mr. D. K. Clark, in his “‘Manual for Mechanical then ma pe 
and engines, from data furnished by Mr. James Eckford, | gineers,”’+ furnishes a table of the performance ; 
master mechanic of the road. The ce was deter- | one locomotive boilers, of which exhibit an gp ote 
mined by setting the engine on the centre and waxing the in excens of 10th pee pound. of cole, epnaeted = Daceay 
to prevent. transfer of water from clearance to| and at 212 deg. Fahr, The manner in which. the, x ; 
ita end of cylinder. The cylinder beed.was than rex.| wees tested, pressure of tion, speed, load, grad eubnnbed 
pltced and vold filled with water to level of valve seat. | and of coke unknown or carefully the satura 
water was then drawn off by the drain-cock, weighed | omitted. have a decided bearing on the rela 
and temperature noted. The volume of clearance thus| evaporative performance of a locomotive boiler, rounds Mr. Hill 
obtained was slightly in excess of that measured on the | would be manifestly unfair to compare the performance be required in 
wings from which the engine was ilt, but this is easily | the, ‘‘ Bald with that of any other. make > 
was > 13 kno wn 4 any differences os 
the u: anaclar sren clone latag ellsctive.” Ty dying construction between the standard lo ) 
wheels were originally 60 in. diameter, but by “ |of America and England, and with Se palian ve 
The weight on. the dcivers..was obtained I = aa + Proceedi “Civil Engineers, vol. 
‘he weight on ivers was -backi * These Tables will be given later on.’ 3 6 .  * 
enginn, isnounected fants the Soapentaesetineed ating! ee At ba a Session 1877-78, part ii., p-17- ’ 
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6 216 lb. per pound of coal. Equivalent evaporation from 
_ pe 212 caaete Poke, -» 7.8)b. Phe coal burned per square 
grate per hour was 117. am a and age of boiler 

“ pee r from and at 2 2,918 lb., 
or actual evaporation per square foot heating surface per 
bene per horse power of con- 


name, 12,24. a team 

e expense of s 

nected engines ss was 33 lb. (based on total 
steam furnished) henitng | surface per horse power of 
effect of engines, 


pagal. 
eens | with eibiiehes * 15 square feet of heatin 
surface per horse power of effect of connected engine, an 
45 lb. of water per hour per horse power, then the ratio of 
effect of blast to effect o fotepal drongit t is 
15x33 4 
2.614 x 45 
Estimating the coal burned per square foot of grate with 
natural draught at 25 lb., then ratio of effect with blast to 
pe with natural draught, with a consumption of 117 lb. 
of coal per square foot of grate per hour 
117 
— =4.68. 
35 
Upon the assu coperaiian that the coal barned uare 
ratio of efoct by blast to efteot hy natural draught daring 
ug 
run from Tein Greek to was 


101.02 
— =, 1. 
4.04 
(To be continued’. 
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Firing Locomotives.—A committee of the American Rail- 
road Master Mechanics’ Association expresses its opinion 
ay locomotive engineers and firemen must be educated to 

her standard in regard to careful firing, as the amount 
steam used varies with the loads hauled, the oate 
feabed or descended, and the speed attained. also 
mast the amount of coal consumed vary, and locomotive 
eers and firemen should be required to feed fuel to the 
bo er in proportion to the work being performed. It isa 
common og eed for firemen to throw a large amount of 
coal into the furnace at one firi That which is on the 
top is rapidly coked by the heat underneath, and the gases 
generated escape unconsumed. An equal amount of coal 
placed in the furnace in three or four firings, at intervals 
of from three to five or six minutes, would, in many in- 
stances, evaporate twice as much water as ‘when used in 
~S ong manner designated, and the smoke emitted 
or the inhabit unobjectionable to the tra 
won, or the inhabitants of the eye 9 towns and villages 
through which railroads run. ission of air above 
the fire is of material avaniate in well-proportioned 
boilers, as it affords a better combustion of the ga — gene- 
rated in the furnace, and lessens the amount of smoke. 

German Railways.—The railway system of the German 

Empire was extended b by 1102 miles in 1879. Of the new 
lines constructed during the past year 793 miles were built 
bt the State. 


Gas at New York.—The Hydrogen Company, of New 


York, has been incorporated. The objects of the com- 

are to sell and alo for metalergia +h ere and 
Peaks “purposes, and also for The 
capital proposed is 2,000,000 dols 


New Elevator for the Erie Railroad.—A new elevator 
built for the New York, Lake rh a Western Railroad, 
is now the most conspicuous 0 the Jersey bra ae 
front. It is 365 ft. in length, 96 ft. in width, and 1 
in height, and its s' icnge will be 1. 1,500,000 bushels 
The lower story is above this the walls are 
ot baary planks Nowy in width, fastened one upon 
another. The chimney is 153 ft. in height. The elevator 
will be ae in July to receive grain. 


Marine Signalling. Pred yn of gentle- 
men were invited on board the Company’s 
steamship, John Elder, to witness the effect of the new 

t rocket alarm signals made by the Cotton 

to visions of the Merchan Act 

of 1878, their being : mall 
» and use without req 


with which they can be used under the most emergent cir- 
cumstances ; 4. The attention they attract b the | e ~ 
sound given out; 5. Their —s 
nomy. After dinner the guests adjourned to the ‘aecke the 
night being a fom men a the exhibition. The 
signals were fired, an . Brown. The ex- 
eee were peer tows ms pede been successful. The 

hn Elder is one of the largest and fleetest vessels which 
the Pacific ney has sent to Australia, in connexion 
with the Orient 


The Yarra.—At the last dates from Melbourne the 
dredge Octopus was at work on the south side of the ‘river, 
near the 50-ton crane, deepening the river there to 16 fs. or 
17 ft. Operations for removing the rock across the river 
opposite Spencer-street were poems, and a little lower 
down the Griper was dredging also on the south bank. 
The Platypus was in full swing dee cepening the 
channel near the mouth of the river, so as allew of 
vessels drawing 16 ft. or 17 ft. of water coming up to Mel- 
bourne. When the Platypus has deepened the river suffi- 
ciently about where she is now engaged, she will be moved 
to near the junction, and one or two other places to make 
similar depths of water, and then the first great object of 
the Melbourne Harbour Trust, pending the completion of 
Sir John Coode’s scheme, will have been ac , namely, 
to have the existing course of the Yarra up to Queen 3 

fit for navigation by drawing 16 ft. or 17 ft., 


and so available for all steamers engaged in the inter- 
colonial trade. It is yop hoped that within twelve- 
mouths this object will be attained. 


Russian Telegraphy.—It appears from an official report 
that at the commencement of 1879 Russia possessed 93,690 
versts of telegraph and 2516 telegraph offices. Of the 
hic network no less than 70,306 versts 


Russian tel 
were in the es of the Government in January, 1879. 


Pullman Palace Cars.—Ground has been broken for 
ly wa combined shops of the Pullman Palace 


. Company and the Allan jak sath of Ohinge Phe 
the 

works 
October 1 


of Hyde Park, just south of C 
. y 
bor ne em ate was J aibited a at the i Fr 
position. 
The Sydney Ezhibition.—The S Exhibition closed 
a bem rage de exhibits 14,000; 1,020,000 
ore mag the Exhibition; and the receipts amounted 


South Australian yee —The construction of the 
Nairne coat been commenced. Messrs. Walker 
and Swan, con ates See Reo Raney Saree 








contract for 180, 
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NEW APPLICATIONS OF 
THE DYNAMO-ELECTRIC CURRENT. 


_ Tue idea of superseding the steam locomotive by 
an electric engine is by no means a novel one; but 
it was never practically realised until last year, 
when Dr. Werner Siemens built and operated an 
electric tramway in the grounds of the Industrial 
Exhibition at Berlin. In connexion with the history 
of this subject it is worth while to mention 
that an attempt was made to devise an electric 
locomotive in America some thirty-three years ago. 
The Scientific American for September 25, 1847, 
contains a description of a new mode of railway pro- 
pulsion, the joint invention of Mr. Lilly and Dr. 
Colton of Pittsburgh, Pennsylvania, ‘‘The ma- 
chine,” says this account, ‘‘is a small locomotive, 
and is placed upon a circular railway, around which 
it is driven by electricity. The power is applied 
not to the locomotive, but to the ¢rack, in a very 
eurious manner. Two currents of electricity, nega- 
tive and positive, are applied to the rails, and by 
them communicated to the engine. The latter is 
provided with two magnets, which, by a process of 
alternate attraction and repulsion, drive the car 
over the track. A piece of lead is placed on the 
locomotive, making in all a weight of 10 lb., and 
on the application of the battery the machine moved 
with astonishing rapidity up a plane inclined about 
five degrees.” In this a tus the current was 
supplied by a battery, a fact which, together with 
the imperfect state of electric science at the time, 
doubtless caused its failure. 

Another claimant for priority of invention of the 
electric railway is M. Boué, sous-intendant militaire at 
Belfort, in France. This gentleman took out a 
French patent in 1878 for the propulsion of carriages 
on a railway by means of electricity ; and not only does 
the patent describe a means for driving a single train 
of cars, but also a vibratory apparatus whereby the 
power of thecurrent may be distributed to several 
separate trains so as to propel themall. Perhaps, 
too, we ought to mention that Mr. Edison has of 
late been relieving his severer labours by the erection 
of an electric railway, on which it is his delight to 
whisk his admiring visitors slong. Curiously 
enough he also intends to build a line at a very 
steep gradient (1 in 6) in order to show the capa- 
bilities of his electric railway for overcoming inclines, 
We say curiously enough, because that is one of the 
purposes which Dr. Werner Siemens has expressly 
stated that the new electric train would be adapted to. 

Historical mention is justly accorded to the 
pioneers of a new invention, though the chief merit 
rests with him who makes it a success, To Dr. 
Werner Siemens belongs the honour of recognising 
that the improved means now at our disposal for 
generating electricity and applying it to the trans- 
mission of power are sufficient to operate an electric 
railway on a practicable scale. 

The Berlin railway was a narrow gauge line, laid 
down ina circle 900 yards long. A train of three 
or four carriages was placed upon it, and on the 
first carriage a medium-sized dynamo-electric ma- 
chine was fixed to the axle of one pair of wheels in 
such a manner as to rotate the wheels when the 
armature of the machine was rotated by the pas 
of a current through its coils. The rails were laid 
upon wooden sleepers which even in wet weather in- 
sulated the rails very well for this length of line. 
A third rail ran between the other two, and it was 
by this central conductor that the current was led 
from the generating machine placed at one terminus 
of the line. The current was drawn from this rail to 
the armature of the machine on the locomotive by 
means of a brush of copper wires; and after 
traversing the coils of the armature it was led to the 
axle of the driving wheels, which was insulated from 
the body of the car, and thence by the driving 
wheels to the outer rails, and by them back to the 
dynamo machine at the terminus, The annexed 
figure represents a section through the locomotive, 
showing the dynamo-electric machine B and the 
central rail N with the metal brush for abducting 
es | current, 

etween twenty and thirty persons could be ac- 
commodated on the train at a time, including the 
conductor, who rode on the first iage; and 
during the course of the summer no fewer than 
100,000 were conveyed over the line at a speed of 
from 15 to 20 miles an hour. Crowded trains left 
the stations every five or ten minutes, and a ccn- 
siderable sum was earned in this way for the benefit 
of charitable institutions. The Tenmeiita was 


capable of exerting five horse power, and instead of 
being fitted with a steam valve like a locomotive to 
start or stop it, it was simply provided with a com- 
mutator for closing or opening the circuit of the 
current. 

‘¢ Tt is,” says Dr. C. W. Siemens, ‘‘a remarkable 
circumstance in favour of the electric transmission 
of power, that while the motion of the electro. 
magnetic or power-receiving machine is small, its 
potential of force is at its maximum, and it is owing 
to this favourable circumstance that the electric 
train starts with a remarkable degree of energy. 
With the increase of motion the accelerating power 
diminishes until it comes to zero, when the velocity 
of the magneto or driven machine becomes equal to 
that of the dynamo or current-producing machine. 
Between the two limits of rest and maximum velocity 
the driving power regulates itself according to the 
velocity of the train; thus, on an ascending gradient 
the speed of the train diminishes, but the same effect 
is automatically produced which results from the 
turning on of more steam in the case of the loco- 
motive engine. When running on the level, the 
velocity of the train should be such that the 
magneto-electric machine should make one-half to 
two-thirds of the number of revolutions per minute 
of the dynamo-electric machine. When descending, 
the speed of the magneto-electric machine will be 
increased in consequence of the increased velocity of 
the train, until it exceeds that of the dynamo-electric 
machine, from which moment the functions of the 
two machines will be reversed ; the machine on the 
train will become a current generator, and pay 
as it were its spare power into store, performing at 
the same time the useful action of a brake in check- 
ing further increase in the velocity of the train. If 
two trains be placed upon the same pair of rails, 
the one moving upon an ascending portion, the 
other upon a descending portion of the same, power 
will be transmitted through the rails from the latter 
to the former, and they may, therefore, be considered 
as connected by means of an invisible rope.” 
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With regard to the relations of work done to 
energy expended on the electric railway, the pro- 
portion of power actually transmitted varies with 
the speed of the train, and reaches a maximum when 
the angular velocity of the armature of the machine 
on the train is about two-thirds that of the armature 
of the current generator. Under this condition it 
is found in practice that something over 50 per cent. 
of the motive power of the stationary engine driving 
the generator is utilised in drawing the train. 

It is not to be ex that the electric locomo- 
tive will compete with the steam locomotive on long 
lines of railway, any more than the electric light 
will at present rival gas for general use, but it may 
prove very serviceable under special circumstances, 
and on short lines. For steep gradients, tramways 
in mines, docks, large works, or cities, it is par- 
ticularly well adapted, owing to its freedom from 
noise or noxious fumes, It is also well adapted for 
the transmission of letters along subterranean tubes ; 
and we understand that experiments are being made 
in Paris with a view to supplanting the pneumatic 
system of carrying letters by an underground 
** electric post.” 

A more important project, however, is the scheme 
of Dr. Werner Siemens for an elevated tramway to 
connect one end of the city ef Berlin with the other. 
It is proposed to have two separate lines, one for 
the going and the other for the return journey. 
The rails are to be 3ft. 3in. apart, and only two 
rails will be required for each line, the current 
coming from the terminal engine by one line, and 
returning by ss other. Each aaa has fourteen 
narrow cars, four to convey standing passengers, 
and ten for sitti pdr Ay A 60-Lorse er 
engine will be stationed at one end of each line, and 
the speed will be 20 miles per hour. A good deal 
of opposition to the project has been offered by the 





owners of property along the route under the im- 


ression that it will depreciate the value of their 
Cousens, and a commission has been appointed to ex- 
amine these objections. 

The freedom of the electro-locomotive from 
smoke is of great importance in passing through a 
long adit or tunnel, and it is interesting to learn 
that the administration of the St. Gothard Tunnel 
seriously contemplate its 5 renga to the convey- 
ance of their trains through that gigantic tunnel. 
Existing circumstances are in this case favourable 
to the employment of electric power, for at both 
ends of the tunnel turbines of enormous aggregate 
power were established to assist in boring, and still 
stand ready for use. All that has to be done, 
therefore, is to insulate the rails, and connect up 
dynamo-electric machines of sufficient power to the 
turbines and the train. Instead of insulating one 
of the rails, it might be advisable to convey the 
current by a conducting rope resting on wooden or 
glass ee in such a manner that it can be picked 
up by the train as it passes, and run over one or 
more contact pulleys connected to the armature of 
the machine -arried by the train, then deposited 
again on its ii. lating supports. In this way, no 
doubt, the insulation of the rails could be avoided, 
but itremains to be determined by experiment whether 
the high velocity of the train would not render such 
a plan impracticable. 





CANADIAN RAILWAYS.—No. XXXVI. 
GREAT WESTERN OF CANADA—concluded. 

Tux main line of the Great Western had scarcely 
been two years in successful operation before a pro- 
ject was to run a el line from a point 
opposite to Buffalo, through the ten southern counties 
bordering upon Lake Erie, to the Detroit river ; and 
in 1856 the promoters of the scheme pressed upon 
the directors of the Great Western the advan 
of this line as an adjunct to their own road. The 
route pointed out is singularly level and direct, and 
the flat margin of Lake Erie presents a location in 
marked contrast to the heavy gradients, high sum- 
mits, and general irre; ities of the land passed 
over by the older railway, especially as to the 
eastern half of it. It was pointed out that not 
only was a better country passed through for local 
traffic, but that the locomotive expenses for the 
heavy through business, always an important item 
on the Great Western, need not be more than one 
half the necessary cost of ——— the Hamilton line, 
and that the same engine could haul double the 
average load, The directors rejected the proposal, 
and like the original rs of the old London and 
Birmingham in dealing with the Trent Valley, now 
one of the most important sections of their line, 
5 pon it at every stage and. at any expense. In 
the course of a few years, however, during which 
the southern line was constantly being agitated and 

dually assuming consistency, the traffic of the 
reat Western had increased to a point beyond the 
capacity of a single track railway to safely accommo- 
date, and the necessity was presented to the ma- 
nagers either to double the old line or to construct 
the new one. It seems difficult to understand how 
it should be so, but the estimates made of the cost 
of either enlargement were found to very closely ap- 
proximate, and 25,000 dols. per mile was put Son 
as the cost either of doubling the old r or con- 
structing the new one. After twoor three seasons were 
lost in the discussion, the directors finally decided to 
double the 79 miles of the western end of their 
existing line between Windsor and Glencoe, to con- 
struct 102 miles of a new loop line to Canfield, to 
take powers in the Act to run over the 44 miles of the 
Buffalo and Lake Huron Railway to Fort Erie, and 
to use that company’s ap 3 across the Niagara 
river to Buffalo. In 1868 the works of the “air 
line” were commenced upon this basis, and were 
slowly b peog-one bir completion when it was dis- 
covered by the London board of management, that 
the altered circumstances of the other corporations 
who were involved in the scheme, made this pro- 
gramme se to carry out in the way antici- 
pated, and that they had lostthe golden opportunity 
of retaining the monopoly of the through traffic be- 
tween Detroit at the west, and New York at the east. 
‘The Canada Southern Company, whose charter was 
long anterior to that sanctioning the construction of 
the “air line,” was in a position to prosecute their 
works, and was to construct a new line of 
i ence between the Niagara 
Detroit rivers; the Buffalo and Lake Huron, 
part of the Grand Trunk system, 





up a second rival route between the cities 
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and Buffalo; and the International Bridge Company 
had commenced the construction’ of a bridge be- 
tween Buffalo and the Canadian shore opposite, 
over which both the other railways would run their 
trains to that city in place of the ferry then in use. 
In these altered circumstances there was nothing 
left for the Great Western but to abandon their 
design of utilising any part of the Buffalo and Lake 
Huron, to construct a new line parallel to the other 
two, and to make as good an arrangement as possible 
for the use of the International Bridge. The result 
is that all these roads now are complete between 
Buffalo and Detroit, the capital cities of Western 
New York and the State of Michigan, the distances 
being 258, 249, and 230 miles respectively, by the 
Grand Trunk, Canada Southern, and Great Western. 
All these start from, and arrive at, the same ter- 
minal stations; all cross the International Bridge, 
and for the first 50 miles are so close together that 
a belt of country five miles wide includes them all, 
and for miles, both on this stretch and between Can- 
field and St. Thomas, a fence only separates the 
Canada Southern and the “air line,” whilst for the 
whole distance from Buffalo to the Detroit 
river, 229 miles, the two are never four miles apart. 
A worse piece of railway diplomacy was never 
rpetrated than the whole history of this “ air 
ine,” and the absurd part of the story is this, that 
before either the ‘air line” or the Canada Southern 
was built, or the Grand Trunk had come into com- 
tition at all, the existing lines of the Great 
estern and the Buffalo and Lake Huron, if there 
had been any desire to work together, formed a 
route between the two cities, shorter by seven miles 
and 16 miles respectively than either of the two new 
rival railways. By simply putting in a pair of points 
and 200 yards of a junction line where the two inter- 
sect each other on a level, the road was complete, 
and the want of this connexion has led to the con- 
struction of 370 miles of railway, which for through 
traffic might have been avoided. The new line of 
the Great Western as built commences at Glencoe, 
80 miles from Detroit, pursuing as nearly as possible 
a direct east course to the International Bridge 
across the Niagara at Buffalo. At a distance of 
28 miles from Glencoe it crosses the London and 
Port Stanley line at St. Thomas, and near the same 
town intersects the parallel line of the Canada 
Southern, which from this point to the International 
Bridge runs on the north side of the Great Western 
loop line, generally in sight, and always within 
hearing distance. At Tilsonburg, 24 miles east of 
St. Thomas, a line turns off to the north-east, which 
is one of the recent acquirements of the Great 
Western, and which forms the first link of a series 
of cross railways longer altogether than the main 
line. This railway was commenced by a separate 
company called the Brantford, Norfolk, and Port 
Burwell, and was intended to give to Brantford and 
the rich agricultural district to the south-west of it, 
an outlet on Lake Erie at the harbour of Port Bur- 
well. Brantford is an important manufacturing town 
on the Buffalo and Lake Huron Railway, and it had 
already in operation, in addition to this, a branch of 
the Great Western, eight miles long from Harris- 
burg, which is on the main line, 19 miles from 
Hamilton. Both of these railways were on the 
north-east side of the Grand river which runs 
through the city, whilst the new railway to Port 
Burwell commenced on the south side of the town 
a mile from the other roads, From this point to 
Tilsonburg, also a station on the Canada Southern, 
which the new line was intended to cross on the 
level, is 33 miles, and to Port Burwell would have 
been eight miles further. The first sod of this rail- 
way was turned, with considerable display of bunting 
and general rejoicing, by the Earl of Dufferin, then 
Governor.General of Canada, on the 24th of August, 
1874, and it was opened for traffic between Tilson- 
burg and Brantford in 1876, at a cost of only 
346,400 dols., or a little over 2000/. sterling per mile, 
over half of which was a gift fron. the Government 
and the municipalities interested. In the spring of 
1877 it was sold to the Great Western for 10,0007. 
sterling, the purchasers assuming the liabilities, At 
this time it touched the system of the new owners at 
neither end, and the necessary junctions proved 
more expensive than was expected. As the original 
sckeme to complete it to Port Burwell was, to a 
great extent, baulked by the Great Western’s refusal 
to allow them to cross their railway, excepting by 
expensive works to carry it over or under the “ air 
line,” the Canada Southern now refused their assent 
to a level crossing, which had to be replaced by a 
deviation carrying the new road under their line, 











before it could be connected with the Great Western 
to the south of them. At Brandford an expensive 
iron bridge, costing 40,000 dols., had to be built 
over the Grand river, besides a junction railway a 
mile in length through the town. This bridge was 
finished by the beginning of February, 1879, and, as 
the last link in the connexion, was formally opened 
by the Marquis of Lorne on his visit to the town in 
the following September. After leaving Tilsonburg 
the ‘‘ air line” is level and straight for 52 miles to 
Canfield, where it intersects the Buffalo division of 
the Grand Trunk, near the point where it was 
originally intended to join it, and use its rails for 
the route forward to its eastern terminus, It now 
crosses it on the level, and continues onwards 
between its two rivals to the bridge. At Welland 
Junction, 25 miles beyond this crossing, it forms a 
double connexion with the Welland Railway, the 
portion of which, 15 miles in length, between the 

arallel ‘ air line” and ‘‘ main line” is worked under 
ease by the Great Western, as referred to in the 
article on that railway, From a point between these 
two junctions on the Welland Railway, nine miles 
from the loop line junction, the Great Western have 
constructed a new railway eight miies long, which 
gives the trains on the air line accees to the Suspen- 
sion Bridge at Clifton, only a mile longer than the 
direct route to the International Bridge at Buffalo ; 
and the same arrangement with the Welland Railway 
permits the trains on the main line from Hamilton 
to reach the latter bridge, and run to Buffalo, by 
which route a heavy coal and freight traffic is 
brought from the states of New York and Penn- 
sylvania to Toronto and the northern portion of the 
Great Western system. From the Welland Junction 
on the loop line it is 16} miles to the International 
Bridge me 174 miles to the Suspension Bridge, 
whilst from Merriton on the main line it is 10 miles 
to the latter, and 31 miles to the Buffalo Bridge. 

The lines of the system already described, show 
the southern portion of the Great Western to have 
two complete railways parallel to each other, and 
about 15 miles apart between the east and west of 
the Canadian peninsula, and four cross lines between 
these two at different angles. From Sarnia on the St. 
Clair river, the Sarnia branch and eastern portion 
of the main line to the Suspension Bridge form 
together a through route from river to river, 180 
miles long, between the international boundaries, 
nearly due east and west, and about on the 43rd 
arallel of north latitude; from Windsor on the 

etroit river, the western end of the main line runs 
east for some distance on the latitude of 42 deg. 
18 min., then runs north-east to Glencoe, from which 
the air line runs due east on the latitude of 42 deg. 
50 min. to the International Bridge. Of the cross 
connexions, the portion of the main line between 
Glencoe and Komoka, 20 miles a north-east, 
is the most westerly. ‘The London and Port Stanley, 
due north and south, 16 miles long, between London 
and St. Thomas, is the next. The Brantford and 
Tilsonburg line with the Brantford branch to Harris- 
burg, 42 miles between the two roads running east 
and north-east, is the third, whilst the Welland 
Railway running north and south, 15 miles between 
the two roads, is the fourth and most easterly. 
The whole 516 miles of the Great Western com- 
prised in this portion of the system, lies on or to the 
south of the 43rd parallel of latitude, occupying the 
same belt that the northern parts of Spain and 
the best portions of Italy do in Europe; Corunna, 
Marsceilles, Florence, and Varna exactly corre- 
sponding in geographical position to the principal 
towns and cities on the Great Western of Canada. 
Nor in climate, productions, or agricultural advan- 
tages do the respective districts on either side of 
the Atlantic vary so much as might be expected for 
the greater portion of the year, the only difference 
being in the length of the winter, and the early 
frosts in the autumn, which render the grape and 
other fruits that require a —— to fully ripen a 
more hazardous crop than in Europe. Vegetation 
generally is more rapid in America, and the grain 
and cereal crop may Me planted later and gathered 
earlier here than in corresponding latitudes in 
Europe, whilst those productions only that cannot 
stand the occasional frosts of the latter part of the 
spring and the early autumn suffer in comparison 
with those of Spain or France. 

Besides the two main east and west lines and their 
cross connexions, the Great Western have a long 
mileage, north of their old main thoroughfare, 
which meanders about through the upper peninsula 
without apparently any specific object, and reach- 
ing its destination generally in a very indirect 





These lines are divided into two 
groups known as the Wellington, Grey, and Bruce, 
and the London, Huron, and Bruce, and embrace 
altogether 277 miles of railway, and the zigzag 
crooked course they pursue is explainable by the 
fact that both of them were originally private com- 
panies got up and dependent upon the bonuses 
given by different municipalities to the parties con- 
structing them. As these municipal bodies, con- 
trolling generally an area of only ten miles square, 
act perfectly distinctly from each other, and each 
gives its donation for a specific object, and fre- 
quently prescribes the direction which the proposed 
road is to take through its lands, it is scarcely 
possible that any very direct course through the 
whole country can be devised to suit the notions of 
so many different, and often widely opposing 
elements, and the promoter who depends for his 
cash receipts upon these different bodies must neces- 
sarily twist and elongate his line by a very serpen- 
tine and erratic course, or waive perhaps a number 
of these bonuses. As this latter alternative is not 
often the one selected by the contractor who merely 
constructs the road at so much per mile, he leaves 
behind him a railway it is true, but with no direct- 
ness in its course, and of very little satisfaction to 
the parties who ultimately have the working of 
these tortuous and shapeless lines. In the present 
instance these two adjuncts of the Great Western 
system have proved a great drag upon the whole 
undertaking, and it is a very singular fact that there 
is no instance in the thousands of miles of 
such railways on this continent of any municipal 
road having ever paid anything over its working ex. 
penses, whilst most of them, not already absorbed by 
the larger railways to which gy A are very seldom 
‘* feeders” financially, ultimate find their way into 
the Court of Bankruptcy, from which they are gene- 
rally sold for a sum which leaves nothing to those 
who originally found the balance of the outlay 
beyond the: municipal bonuses. As Canada is now 
following closely in the track of the United States 
in the construction of — mainly by municipal 
assistance, and large sums of English money have 
been already, and no doubt will be in some way or 
other locked up in these specious investments, it 
is aduty to point out as a warning the fact that all 
these railways have been failures, and will be so as 
long as the present system is continued. And 
although it looks a very promising feature that the 
entire mortgage on a railway should only be 1500/. 
or 2000/. per mile, the truth remains that these 
mortgages never pay their interest, that the steps 
by which the Boards first own the road, and then 
are glad to abandon it, are not very explainable, but 
always lead ultimately to the loss of the whole sum so 
lent, and that the honest investor in these schemes 
has no more chance with the real wire pullers and 
projectors than the country clown has with an ac- 
complished thimble-rigger to win back the money 
he has once staked and lost. In some of the 
United States it has now become illegal for a muni- 
cipality to give a bonus to a railway, and although 
this step errs perhaps as widely on the other side, yet 
it shows what a fearful amount of chicanery must 
have taken place to make such an sey tyran- 
nical enactment at all tolerable in a free country. 
The Wellington, Grey, and Bruce commences at 
Harrisburg on the main line of the Great Western, 
19 miles west of Hamilton, and at the same point 
where the cross line from Tilsonburg and Brantford 
comes in from the south-west. At this station the 
old Galt branch, 12 miles long, joined the main line 
to the enterprising town named after the author of 
‘“‘ Laurie Todd.” In extension of this railway the Galt 
and Guelph, 15 miles long, whose history was pre- 
viously referred to, was opened in 1857, and soon 
afterwards fell into the hands of the Great Western ; 
Guelph, which is on the main line of the Grand 
Trunk, being for years the most northernly point to 
which the system of the Great Western was carried. 
The Toronto, Grey, and Bruce, which has been 
described in a previous article, 2 cee for their 
charter in 1867, and the object sought to be obtained 
by this company was confessedly to make the whole 
northern peninsula, of which the counties of Grey 
and Bruce were the principal portions, tributary to 
the city of Toronto for their trade, and as a market 
for their productions. Hamilton, the ‘ ambitious 
city,” proposed to contest this scheme, and by de- 
veloping a kindred by ram leading to their own town, 
to thwart the intended line to Toronto. Hamilton had 
already a railway communication with Guelph, 46 


manner. 





miles north-west, the B goes town of Wellington 
County, and so much on the way to the north- 











JuNnE 25, 1880.] 


ENGINEERING. 





489 





western ports of Lake Huron, to which both roads 
were directed, and the Wellington, Grey, and Bruce 
was only twelve months behind the Toronto, Grey, 
and Bruce in attempting to open up an outlet 
on Lake Ontario to the districts } ing on the shores 
of Lake Huron. ‘The London, Huron, and Bruce 
was a similar scheme to draw the productions of the 
north-west to the city of London, and the three 
roads between them have certainly completely 
opened up this rich agricultural district to the three 
leading emporia of Toronto, Hamilton, and London, 
enriching the whole of the upper peninsula and the 
merchants of the different cities, but not exactly 
making wealthy the parties. whose money really 
furnished the coveted communication. The Wel- 
lington, Grey, and Bruce now includes the 27 miles 
of the older roads from Harrisburg to Guelph, and is 
an extension of that road, but originally it was a 
separate company, and commenced at Guelph, 
crossing the Grand Trunk at that city. At an early 
period in the construction of their works the com- 

any effected an arrangement with the Great 
Western, whereby the latter should find them with 
plant and rolling stock, and work their line for 70 
per cent. of the gross receipts. The lease is for 1000 
years, but by another clause of the agreement an 
account is to be kept of the traffic interchanged 
between the two lines, and 30 per cent. of this sum 
is to be appropriated annually to the purchase of 
the bonds and securities of the leased line, by which 
means it was expected that in the course of time the 
Great Western would become the owners of the 
whole property. The capital stock of the company 
paid up is 221,200 dols., a Government bonus was 
secured of 241,276 dols., and the municipalities 
gave altogether 682,000 dols., and with these assets 
and the hopes of selling their bonds, operations were 
commenced; but the difficulty that arose was 
the impossibility of placing their bonds with- 
out some guarantee. By a subsequent agree- 
ment of the 3rd of June, 1870, the Great Western 
Company undertook to purchase these bonds 
to the amount of 12,000 dols. per mile of 
railway constructed, and to that extent the issue 
of bonds was restricted, but the actual amount 
issued by the Great Western to June 30, 1875, was 
2,589,066 dols. The line was opened from Guelph 
to Elora, 16 miles, on September 15, 1870, and a 
further five miles to Alma in December; 26 miles 
more were opened to Harriston November 27, 1871, 
and 12 miles to Clifford, making 55 miles from 
Guelph, March 4, 1872. ‘The rest of the main line 
to Southampton, 47} miles, was completed May 29, 
1873, and the branch line, from Palmerston to Kin- 
cardine, 67 miles, in the summer of 1874 ; the total 
length from Guelph being 168} miles, or, including 
the old line to Harrisburg, 1954 miles, the present 
length of the Wellington, Grey, and Bruce. The 
whole turned out a most unremunerative invest- 
ment for the Great Western; the operations for the 
year ending July 31, 1876, the second year of its 
complete working, showed the total earnings to be 
75,442/., and the operating expenses 74,224/. ster- 
ling. ‘Taking off the 30 per cent. rental payable by 
the lessees, leaves a total loss for the year’s working 
of 21,414/. sterling. The Great Western have been 
for some years buying up the outstanding bonds of 
of this and their other unremunerative leased lines, 
andthe separate existence of this company by this 
arrangement will shortly cease. 

Guelph, the starting-point of this railway, 46 
miles from Hamilton, was described in the notice of 
the Grand Trunk (vol. xxviii, page 86), but since 
that article was penned, it has grown beyond the 
limits of a town, and on April 23 of last year, the 
fifty-third anniversary of the felling of the first tree 
in the old forest where the place now stands, it as- 
sumed the title of a city with a population of over 
10,000. Few places have advanced more rapidly 
during the last decade. In 1851 it was incorporated 
as a village, and five years later as a town, the 
ubiquitous John Smith being its first mayor. 
During 1876, 160 new buildings were erected in the 
town at a cost of 275,000 dols., against 130 the year 
before, and 115 in 1874. In 1877 the number was 
115, and the value 201,000 dols., and in 1878, a 
time of its worst depression, 50 new buildings were 
_ up, and over 100,000 dols. expended upon them. 

rom Guelph the railway runs nearly north to 
Elora and Fergus, 16 miles, two twin villages in the 
centre of one of the finest districts in Canada, both 
situated on the Grand river, and only three miles 
apart, thence doubling back at an acute angle, the 
road runs first east, and then north-east to Palmer- 
ston, 26 miles from Fergus, and 69} miles from 





Harrisburg, where it divides the northern branch, 
running a further 60 miles to Southampton, a new 
port at the mouth of the Saugeen river, in the 
north-western portion of the Ontario peninsula on 
Lake Huron. The whole of this district, twenty 
years since, was almost covered with the original 
forest, and was as little known to the outside world 
as the centre of Africa, It is now one of the best 
agricultural districts in Canada, and rapidly bein 
developed into excellent wheat farms, interspe 
with numerous thriving villages, some of which are 
already assuming the dignity of towns, and are 
turning their attention to manufactures. The 
southern extension from Palmerston, 66 miles long, 
runs to Kincardine, another new port on Lake 
Huron, but like Southampton not a very good har- 
bour. The most important place upon this line is 
Wingham, 38 miles from Pelabenten, and 28 miles 
from Kincardine, which is the rising capital of the 
county of Bruce, anda | ag of some importance, 

At this point the London, Huron, and Bruce comes 
into the sister line from the Forest City 74 miles to 
the south of it, the original intention, when both 
these were independent companies, being that the 
London company should run their trains over the 
Wellington, Grey, and Bruce to the port of Kin- 
cardine ; and similar powers were taken at the other 
end to use the four miles of the Great Western be- 
tween London and Hyde Park Junction, where the 
new railway leaves the main line, and,also over the 
London and Port Stanley Railway. The prospectus 
laid great stress upon the importance of opening up 
by this means a new north and south route between 
Kincardine, on Lake Huron, and Port Stanley, on 
Lake Erie, 106 miles distant. ‘The London, Huron, 
and Bruce was opened from London to Wingham in 
January, 1876. It was not long an independent 
company; the Government gave a bonus of 4000 
dols. per mile, and the municipalities gave as a bonus 
about 5000 dols. more. The share capital was fixed 
at 6000 dols. per mile, and the bonds to be issued at 
12,500 dols., or a total of 27,500 dols. per mile, and 
with these available securities the Great Western 
built the greater ino of the road. The policy of 
the company has been to hold, or where these have 
been sold, to repurchase the bonds and shares, and 
thus become the owners of the property. At 
Clinton, 50 miles from London, the Son and 
Bruce crosses the Buffalo and Lake Huron branch 
of the Grand Trunk, and both roads for some miles 
round this crossing are traversing the enormous salt 
deposits that underlie the Clinton and Goderich 
districts, and which have been previously referred to 
Nee xxviii, page 103) in the paper on the 

uffalo and Lake Huron. The whole of these 
north-western extensions of the Great Western 
traverse a beautiful country but yesterday cleared 
of the primeval woods, the land is rich and level 
and of excellent quality, and the rapidity with which 
it has been settled and brought into cultivation and 
filled with a prengenns and contented population 
is perfectly marvellous. Both these groups of roads 
have been hitherto a heavy drag upon the resources 
of the company, but each year the traffic is improv- 
ing, and each season new sources of wealth and new 
employments for capital are being discovered and 
utilised. The salt industry is only now beginning 
to make itself felt as a power in the community, and 
the fact that one new firm shipped last year over 
460 heavy 10-ton car-loads of salt in the season from 
one establishment, shows what traffic may be ex- 
pected from this branch of busines alone when the 
country is a little older, and the different markets 
are better known and more accessible. 

This north-western portion of Ontario is not 
without interest even to the antiquarian and his- 
torian. Where Southampton now stands and stretch- 
ing up the Saugeen Valley, and from there to the 
northern shores of the peninsula, dwelt in years 
long gone by one of the most numerous and flourish- 
ing of the many mystericus native tribes who 
peopled these North American forests. The Hurons 
were undoubtedly the most enterprising and ad- 
vanced people tnat were found by the first ex- 
plorers in any part of Canada, They lived in 
permanent villages, were well clothed, cultivated 
the soil, and were acquainted with most of the 
indigenous fruits and vegetables that are raised by 
the present incumbents of the land. The particular 
branch of this great family that occupied this district 
were known as the Tobacco Nation, not so much 
because they cultivated this plant and knew how to 
use and prepare it, as that they made this their 
principal article of trade, and bartered it to all the 
surrounding tribes in exchange for the different 





supplies of which they were in need themselves, and 
even acted as brokers or merchants between distant 
people, their tobacco forming the medium of ex- 
change and the currencyemployed. In their lodges 
and villages were dried fish from the Atlantic 
shores, buffalo skins and furs from the far distant 
tribes of the western plains beyond Lake Sup-rior, 
whilst the marine shells which adorned their wam- 
pum belts were procured from the still further re- 
moved races of the Lower Mississippi and the Gulf 
of Mexico, Tobacco is the product of a colder clime, 
and a larger area than is generally supposed. It has 
always been largely cultivated in Canada from the 
warm shores of Lake Huron to the cold regions of 
Gaspé, where the French inhabitant is still allowed 
by the Dominion laws to grow his own supply free 
from duty, and uncontrolled by excise visitation. It 
is alsoas in New England an article of exportation, 
and the best Havana cigar procurable in Cuba is all 
the better if wrapped in an outer coat of the larger 
and tougher | procured from Connecticut or 
Canada. ‘The fate of the Hurons was a sad one, and 
the final catastrophe that overwhelmed the Tobacco 
Nation is one of the most painful recitals in early 
Canadian history. The intense Christian zeal, the 
disinterested charity that ‘‘ hopeth all things and 
endureth all things” was never so nobly displayed 
as in those pure-minded Jesuits who literally gave 
their bodies to be burned that they might preach 
the gospel to the blood-stained warriors who dwelt 
on the great fresh-water sea to which they had 
given their name. In 1615 the Recollet monk Le 
Caron discovered Lake Huron, and the interesting 
people of the Tobacco Nation, and ten years after- 
wards Canada saw for the first time the mysterious 
followers of Loyola, who, regardless of self or suffer- 
ing, pressed on with their lives in their hands to the 
most distant and dangerous missions, to live or die 
amidst the savage tribes of the Indians, One of 
their earliest missions was to the district now covered 
with smiling wheat fields that border the Saugeen 
Valley, and if their spiritual ministrations bore but 
little fruit amongst the cruel and quarrelsome 
Hurons, they were at least eye-witnesses and his- 
torians of the last terrible overthrow of the nation 
at the hands of the more cruel and bloodthirst 

ry! 238 The invasion was so sudden, the attac 

so fierce, that it partook of the character more of 
a massacre than a fight. All ages and both sexes 
were involved in the common destruction, and one 
of the most populous and powerful nations round 
the Great Lakes ceased to exist. As a people they 
were doomed to oblivion, and nothing now remains 
of the Hurons but the memory of a brave and a 
ruined race, and the name they have passed to 
futurity in the beautiful inland sea of which they 
were once the possessors, . 


ARRAH ROAD BRIDGE. 

Tue calamity which lately befell the Tay Bridge 
has naturally made the maximum wind pressures 
to which such structures may be exposed a matter 
of the very greatest interest. We have, therefore, 
—— in laying before our readers the case of a 

ridge which was completely destroyed by the wind 
alone, and for the particulars and drawings of which 
we are indebted to Major-General Hyde, R.E., of the 
India Office. The bridge in question was known as 
the Arrah Road Bridge, in Behar, and crossed the 
Sone Canal, which was dry atthe time of the accident. 
It was formed of two lattice girders, each of a total 
length of 99 ft., crossing two openings of 45 ft. span. 
Fig. 1] on the next page shows a side elevation of 
half of one of the girders, and Fig. 2 gives a 
cross section. The width of the bridge was 15 ft., 
and the accident occurred during the erection, 
after the main girders were completed and when 
all the cross girders of one span and a few of 
those over the other span were rivetted up in 
place. Fig. 3 shows a plan of the bridge after the 
storm, from which it will be seen that the girders 
were blown clean away from their former position 
for an average distance of {about 45 ft. Consider- 
able e was done in the neighbourhood, the 
roof of an overseer’s house having been blown away 
at Mokur, the occupant who forsook it being 
obliged to lie flat down on the ground, in order 
to prevent himself from being removed bodily 
into another district, The storm lasted about 
twenty minutes, but was fortunately unaccompanied 
by loss of life. It swept over but a very narrow 
zone, oaly a very moderate wind without rain 
being felt at Tasseram, a distance of only half a 
mile to the west, The only i Fag a to the 
masonry of the Arrah bridge was the displacement of 
















490 





ENGINEERING. 


[JUNE 25, 1880. 








THE ARRAH ROAD BRIDGE. 
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the south-east coping stone of the pier fora distance 
of 2 in, or 3 in., and a large chip knocked out of the 
towing-path stones on the south-east side of the 


canal, From this it would appear, in the words of 
the executive district engineer that, ‘‘ the girders did 
not strike on the top of the masonry when moved 
by the wind, but either slid along, or were lifted 
right up, and were blown clean off at one effort.” 
It appears that no holding-down bolts had been used 
in this and similar bridges, but the accident seems to 
have awakened the authorities to the advisability of 
their employment, and Fig. 4 shows the method 
adopted. There were no local registrations of wind. 

ressure made, but we have been furnished by 

eneral Hyde with a sheet of the readings taken at 
Calcutta during the cyclone on the 9th of June, 
1869, from which it is clear that the wind pressure 
exceeded 501b. per square foot when the wind was 
at its highest. This cyclone of 1869 was remarkable 
as being the only one on record during which the 
adjutants remained in Calcutta, those sagacious 
birds generally retiring to a safe distance when 
one is coming on. ‘The weather, however, was 
exceptionally difficult to forecast, and the adju- 
tants were deluded into the belief that it was 
safe for them to stay in the City of Palaces. 

At the request of General Hyde the following 
calculations were made by Mr. Batho, of West- 
minster, as the wind pressure that would have 
been necessary to bring about the accident to the 


Arrah Bridge : 
Arrah Road Bridge. 
Continuous over two spans, each 45 ft. clear. 
Cross girders all fixed in one span only. 
Depth of main girders, 3 ft. 9 in. 
Distance between main girders, 15 ft. 6in. 
1, Surface Exposed to Wind. 


Total | h of girders, 99 ft. 

Top and bottom 1 x 9999 aq. ft. 

Verticals, ex 26xi=—18 ,, 
a 23x2in= 4 ,, 

Diagonals, 48x4x3=—48 ,, 


169 ,, per girder of 99 ft. 
hg both girders=169 x 2=-say 340 sq. ft. exposed to the 
wind. 


2. Weight of Main Girder. 
ft. Ib. fb. 


99 x 15=1485 flange plates. 
99 x 37=3663 4 L-iron in flanges. 
23 x 9.6=211 verticals. 


46x 74=337 =i, 

30x 4=120 90 

4lx 4=164__s,, 

40x 5=—200 

40x 33=150__,, 

40 x 74=293 T-irons 
50x 5=250 ,, 

60x 3}=200 

7073 each girder of 99 ft. 

























































































* Fractures of Main Girder 


2x 7073=14,146 lb. both girders, or 
145 1b. per foot ran load from main girders. 
3. Weight of Cross Girder. 
lb. Ib. 


14,146 


99 


15}x 6 =93 L-iron in flanges 
15456 —80 flange bars 

7 X< 23—19 diagonals 

7x =_ a 

24x 2¢= 7 verticals 

5 xX 12}=63 plates 

278 Ib. each cross girder 
47 cross girders : 
47 « 278=13,066 Ib. all cross girders, 


or 3.065 = 139 lb. per foot run load from cross girders. 


4. Vertical Pressures (from Structure) at Abutments. 
c= 132 lb. per foot run of bridge load from cross girders 
m=1 ” ” main ,, 
(Span A B).—At the time of the accident the cross girders 
of one span only were fixed to the main girders (two cross 
girders on the right of B). (See Figs. 5 and 6.) 


Fig 5. 


, = e+m per foot run — — -~—-—.— m per foot run —.— -» 









Total Pressure at A 
=5410+ weight of ends of girders 
=5410+ 145 x 13-5589 lb. 
Pressure at C. 


Reaction C= pA (7 m—(e+m)) 


=< (7 x 145—277)=2225 Ib. 
Distance of point of contrary flexure from C 
— 7225 _31 Ff; 
$145 J 
Total Pressure at C. 
= 2225+ weight of ends of girders 
+ 2 cross girders x 14 


= 2295 +145 x 14 +2 x 278 x a 


= 2225 + 181 + 404=2810 Ib. 
Pressure at B. 


Reaction B= i 10 ((¢+m) +m) 





-% 10 (277 +145)=12,725 Ib. 
0 
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This span was therefore loaded by : 
c-+m per foot run, c-+-m—277 lb. pet Dust run. 

ee C).—The other span was ied only by m= 
145 7 per foot run, and two cross girders were fixed 
near C. 

1=48} ft. length of each ‘ 

Pressure at A.—For a contionons girder over two 

loaded as above coun, weight) the ion at A will be 
A=>, 7 (7 (c+m) —m) 


spans 


-*t (7277 - 145)=5410 Ib. 





| Tota! Pressure at B. 
=12,725+2 cross girders x=? 


| +2 ,, y» on the right of B. 
| = 12,725 +2x278x ot +exa7 
=12,725 +152 +556=13,483 Ib. 


5. Friction between Girders and Abutments. 
lf yee of friction between stone and iron taken at 
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LOCOMOTIVE STEAM CRANE AT THE BARROW SHIPBUILDING COMPANY’S WORKS. 
CONSTRUOTED BY MR. THOMAS SMITH, ENGINEER, RODLEY. 
(For Description, see following Page.) 
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Ib. 

Vertical pressure at A= 5,589 
B=13,433 

c= = 

Friction at A= 5,589 x 0.5=2794 
B=13,433 x 0.5= 6716 

- C= 2,810 x 0.5=1405 

6. Distribution of Wind Pressure. 
Total surface exposed to the wind=340 square feet. 


c= = 3} square feet surface exposed per foot run of 


bridge. 
w= wind pressure per square foot in pounds. 
l=span=—-48} ft. 
Wind Pressure at A and C. 
Aw =Cw =} 3} wl+ sure on ends of girders 
=F 35 w 1+3) w x 14. 
Aw =Co=# 34 w 48}+34 w x 14=67.7 w. 
Wind Pressure at B. 
Be=~ 3$ w I= 34 w x 48}—=211 w. 
The smallest friction exists on abutment C. 
Friction C=1405 lb. 
To produce equilibrium the wind pressure at C must be 
equal to the friction at C, i.e., 
67.7 w=1405 lb. 


so = 0.8 Ib. per square foot. 


A wind pressure of 20.8 Ib. per square foot is therefore 
sufficient to counteract the friction at the support C and 
produce an equilibrium. Any pressure above that will 
cause the girders to slide over their resting-place at C, in 
consequence of which the span B C will cease to be con- 
tinuous and will act as a cantilever horizontally supported 
at B and counterbalanced by the total wind pressure on 
the span A B and the friction at A. The concentrated 
wind pressure or the sheering force due to wind pressure 
at B will then be equal to the total wind pressure on the 
bridge : 

- Wind pressure at B—=340 x 20.8—7072 Ib. 

The friction at B=6716 lb. not being sufficient to resist 
the wind pressure at that point, the girders will move over 
the pier B also, and the whole bri may then be con- 
sidered a cantilever of the length A C held at A by the 
friction between girders and pier. 

The moment of this friction is : 

Ms=}$ 2794 x 154=21,653 foot-pounds. 

The moment of the wind pressure tending to move the 

bridge round the same point as fulcrum is, however, 

484 x 7042—=339,776 foot-pounds. 

This last moment being os than the former, the 
movement will continue and the bridge will therefore be 
carried down from its supports by a wind pressure of 
20.8 Ib. per square foot. 

Assuming the bridge to have been lifted up on one side, 
turned over and blown down, we get the following condi- 
tions (see Fig. 7) : 
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bndigh=9 tons 


Total weight of bridge=9 tons. W=total wind pressure, 
w=wind pressure so square foot. E to be the fulcrum. 
x 1§=9 x 73 


w= * 7437.2 tons. 


Surface exposed to wind= 340 square feet. 


ee = 246 lb. per square foot 


340 
of wind pressure at least would be necessary to lift the 
bridge up on one side and turn it over, provided that there 
is no upward wind pressure acting at the same time, 

If it be assumed that the bridge bas been blown off 
bodily, i.¢., by sliding parallel to its length over all the 
iers at once, the wind pressure must have been sufficiently 
eavy to counteract the total friction between superstruc- 
ture and supports. 
This friction is = total weight x coefficient of friction, 
= 0.5 between iron and stone. 
Friction = 9 x 2240 « 0.5= 10,080 lb. 


Surface exposed to wind = 340 square feet. 
w= = 29.6 lb. per square foot of wind pressure 


peat be required as a minimum to carry away the bridge 
ily. 








Deatu oF A Swepisn Enoinerr -The death is an- 
nounced of Mr. Max Hiortsberg, of Chisago. He had been 
injured by a locomotive recently, and was considered in a fair 
way to recovery when a sudden relapse carried him off. Mr. 
we grey Pay born in Stockholm, November 8, 1826, and 
early in life commenced the study of civil engineering. 
At the age of 19 he came to England, and was engaged in 
the construction of docks at Hull. In 1852 he went to 
America, and engaged in railroad building, and in 1854 he 
was appointed chief ineer of the Chicago, Burlington, 
and Quincy Railroad. He continued in that position until 
about a vear since, and this spring he was appointed engi- 
neer a1 d architect of the Car Works at Kensing- 
ton. Mr. Hijortsberg stood high socially, and in his pro- 
—, He a oy. of thers ee of = — 
gineers (London), er istorical Society, the En- 
gineers’ Club of the North-West, and the Lincoln Park 
(Chicago) Board of Commissioners. 





LOCOMOTIVE STEAM CRANE, 

We give this week on page 491 engravings of a loco- 
motive steam crane, designed and constructed by Mr. 
Thomas Smith, Steam Crane Works, Rodley, near Leeds, 
which is now working at the Barrow Shipbuilding Com- 
pany’s Works, and where it is employed in the erecting 
and fitting shops, also in the yard for shunting purposes. 
This pattern of crane was originally designed for Messrs. 
Pawson Brothers, of Morley, near Leeds, who have had 
one at work for a period of five months, loading material 
into ordinary railway trucks, and also for drawing two 
fully loaded trucks up an incline of 1 in 20 at the rate of 
four miles per hour, a distance of a quarter of a mile, the 
distance travelled altogether (and on which there are 
some sharp curves) from their works on to the main line 
being about a mile. The crane is fitted with two speeds 
for propelling (this motion being specially designed to 
meet the requirements of the case), quick and slow ; the 
quick speed travels at the rate of seven miles per hour 
with a less weight or on the level road. To obviate the 
shock to the spur gearing, india-rubber springs are placed 
over the axle-boxes, and the wheel-base is such as to 
allow the crane to travel easily over ordinary curves. 
The gauge is the usual railway gauge. 

The crane has single purchase hoisting motion fitted 
with a powerful friction brake and catch, so that when 
required the crane can be propelled with the load sus- 
pended. The revolving motion is worked with a double 
friction cone, so that the crane can be made to revolve 
in either direction without stopping or reversing the 
engine, and to keep the crane from slewing round when 
on the incline, a small brake is attached on the first mo- 
tion shaft. All the gearing is of best crucible cast steel, 
and the central pillar is of ‘best forged scrap iron. 

The engines consist of a pair of cylinders 8 in. in dia- 
meter by 10in. stroke, and are each fitted with link 
reversing motion, and crankshaft of steel. All the 
bearings are bushed with phosphor-bronze, and are ad- 
justable. The boiler is of the ordinary vertical type, 
with three cross tubes through the firebox ; the internal 
parts being of best Yorkshire iron. All the vertical seams 
are double rivetted, and all the rivet holes are drilled in 
position. The boiler is fitted with the usual mountings, 
and also with a feed pump and a Giffard’s injector. The 
tank is capable of holding a large supply of water, a 
great desideratum in a crane of this description, as it 
avoids the necessity of having to go for a supply be- 
tween the ordinary meal hours. The crane is made to 
lift and propel with a load of 5 tons at a radius of 16 ft., 
and will lift heavier weights at a proportionately less 
radius, the power of the engine and strength of the gear- 
ing being such as to allow it to do thie. The above- 
mentioned weight can be lifted without fastening the 
crane down to the rails by means of clips. All the 
motions are within easy reach and control of one man, 
and the design generally is excellent. The total weight 
of the crane is 20 tons, 








KENYON’'S PISTONLESS INDICATOR, 
To THE EDITOR OF ENGINEERING. 

Sr1r,—T shall be obliged if you will give me space for 
reply to your many correspondents on this subject in your 
last week’s issue. 

First, as regards Mr. J. Richardson’s method of testing 
the Richards indicator by means (as he states) of ‘‘ a weight 
and a rule,”’ I am sure he will confer a boon on steam 
users generally by describing how his “ rule and weight’”’ 
are to be applied ; he certainly cannot measure with a rule 
the correct and necessary diameter of the cylinder, and if 
measured by ‘‘ vernier’’ or any other known gauge when 
cold, it will not be the same when hot. The correct size 
of the cylinder of the Richards when at work should be 
.7979 in. ; perhaps ‘“‘J. M. C.’’ will inform your readers 
how he measures this with his rule, and then how he applies 
the weight. My own impression is that it is easier to 
obtain a correct pressure gauge with which to test the 
** Kenyon”’ indicator, than it is to measure the cylinder of 
the Richards, and then apply the “‘ weight.” 

If “J. M.C.,”” W. Walker, and ‘ Practical’ object to 
my stating that the “‘ Kenyon’”’ indicator can be tested with 
** any pressure gauge,’’ I may here state that this instru- 
ment can be as readily tested at almost any mechanic’s 
shop by means of the mercurial column itself. 

In reply to Mr. W. Walker and ‘ Practical’ (who I am 
informed are one and the same person*), I fail to see that 
more sand or dirt is blown into the tube by new non-con- 
densing than condensing engines generally, and I should 
think that the accumulation of dirt in such engines as are 
condensing would be much greater than in non-condensing 
engines. 

** Practical,” in his letterof the 18th inst., states that he 
** never saw one of the Kenyon indicators,’’ and from this 
I should infer that a man who writes under the “ sobri- 
quet”’ of ‘‘ Practical,’ and criticises in a public manner an 
instrament which he acknowledges he has never seen, is 
scarce worthy of consideration, and tries to perpetrate a 
joke which certainly savours more of a wish to do some 

arm, than any wish which he may have to impart know- 
ledge. In the production of ‘‘ Practical’s” letter I should 
imagine he must have spent some time in reading up 
matter (quite irrelevant to the points in question), but 
= however, I trust in future }ears may be of service 
to him. 

To be well within bounds I stated in my last letter that 
20 seconds were required to e the tube of the 
**Kenyon” when hot ; I have performed the operation in 

* Mr. WeKay has been misinformed.— bp. E.) 








15 seconds, and although “‘ Practicai” states this is of no 
moment, he would find it otherwise were hean inspector of 
experience from any insurance or indicating compay. 
Apologising for troubling you, 
I remain, Sir, yours faithfully, 
B. T. McKay. 
Chorlton-cum-Hardy, Manchester. 


To THE EDI102 OF ENGINEERING. 

Srr,—I trust you will t me space to reply to a 
number of correspondents in your issue of the 18th inst. 
relative to the above instrument. 

Your correspondent “J. M. C.’’ refers to his experience 
with the a tube gauges, and states that there is 
ever present an element of unreliability in the springs. I 
presume he means tubes ranging from 1 lb. to 51b., and 
even upwards. I am quite willing to admit this, as I have 
seen them vary considerably more. It often occurs that a 
Bourdon gauge will register 5 lb. when there is no steam, 
and will indicate accurately at a high pressure. This is 
entively due to the tube ——— wrong section. The form 
of the tube used in the ordinary Bourdon gauge is as 
shown in Fig. 1. 


Fig.7. 








If the tube is subjected to too high a pressure and 
straine1, or, as it sometimes occurs, after continued exposure 
to pressure, it assumes the form shown in Fig. 2. 

en this becomes a ‘‘ permanent set,”’ the pointer of 
the gauge, which is supposed to return to zero, will be in 
advance, as the slightest variation in the tube is magnified 
by a quadrant and pinion, and also affected by the length 
of the finger. i. one conversant with the construction 
of these gauges will know that when pressure is introduced 
into the tube it causes the finger to rotate from a fixed 
point, and as a j-in. movement of the tube represents, say, 
200 lb. pressure on the dial, any inaccuracy of the tube 
would be intensely magnified. glance at my indicator 
will show that in this instrument the same thing cannot 
occar, asa set in the tube would simply raise the atmo- 
spheric line and make it a little higher up on the card 
without affecting the accuracy of the figure. Further, 
from the form of tube I have siesta’, there would be no 
alteration of form with ordi and careful usage. I enclose 
sections of the tubes I use (see Fig. 3), which were only 
obtained after a long series of tests. This is the shape a 
flat tube would assume under pressure, and by making it 
of this shape to begin with, and diminishing the side 
section, the tube (which is solid drawn) will stand fatigue 
without permanent derangement. 

As regards ‘‘ J. M. C.’s”’ suggestion that it would be 
interesting if ‘‘ Practical’ would furnish a set of diagrams 
which “‘ according to my divination had been made after a 
long and severe course of experiments with one of my 
earliest instruments for comparison with those unfortunately 
sent too late ;’’ for my oan aot I fail to see any practical 
results that ye ~ a ~ oom, but probably the 
suggestion wi gladly adop y your correspondents 
W. Walker and “ Practical,”” whom I infer are in con- 
federation. 

Your correspondent J. Richardson states that some time 
ago he constructed an indicator somewhat similar to 

enyon’s with Bourdon tube, &c. Probably Mr. R. did 
all that he affirms, but as I have not seen his instrument I 
do not know the cause of its failure. I would, however, 
onggest that it was because he adopted the Bourdon instead 
of the Kenyon tube. The latter, although a flexible tube. 
has much less of the properties of a spring than the former 
on account of its stronger section ; and the undulations in 
the figures stated to be obtained from Mr. Richardson’s 
instrument may be due thereto in conjunction with the 
inertia due to the weight at the end of the tube and weight 
of motion ; any defect being magnified according to the 
ea of the fulcrum joint on the radial arm. I shall 

ave pleasure in forwarding diagrams taken from Corliss 
engine with one of my instruments, and regret that your 
correspondent did not make his instrament a practical 
success, as it would have saved me a long and tedious task. 
I quite agree with him as to his concluding remark that 
‘‘if engineers refrained from expending their time in 
rubbing the outside, &c., of the indicator with brickdust 
and oil, and dey the same amount of time to the clean- 
ing of the inside, we should probably not hear so many 
complaints of the bad working of the Richards indicator.”’ 
With silty steam this would certainly be an operation not 
unfrequently required, and it is exactly to obviate this 
necessity that the ‘‘ pistonless’’ indicator was designed. 

I will not trouble you much in reference to your corre- 
spondent W. Walker, whom I know personally. I think 
if any of your readers will carefully study his letter they 
will find, to say the least of it, a slight shade of animus 
which is not dispelled by his styling himself a “disinterested 
party.’’ He appears to have taken up cudgels against all 
comers, so that probably some of your former correspon- 


dents will be troubling you with replies to his most 
production. 
Lhave not “lost heart,’’jas si ted by W. Walker, 


and my instrument will not be snuffed out by any opinion 
of his. He will also find that it will stand the test of time 
as well as the instrument to which he refers in such fonl 
terms. Your t, W. Walker, kindly offers ‘‘ to 
afford me an opportunity to test the action of my instrt« 
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ment on one of Sturgeou’s high-speed compressors.” I 
shall have pleasure in testing it nies any indicator 
he can mt oy and will thank you to favour your readers 
with a copy of the figures when obtained. W. Walker is 


men the lishman need not be ashamed of himself; and 
if he 7 ucated himself more, he would for a long while 
yet hold his und against Continental and American 
workmen, an need not fear being “‘ crowded out of the 


evidently unaware that I have taken out two patents in | trade. 


connexion with this same instrument, also that I havea 
special instrument adapted for excessive speeds. 

‘* Practical.’’ In spite of this correspondent’s assurance 
that he is unacqrainted with me personally, unless he drops 
his nom de plume, and uses his own name and address, 
I shall act under the assumption that he is in confederation 
with correspondent W. Walker, if indeed he is not the 
same party. Further, I may state that W. Walker stated 
to me onally at his own house that he was the author 
of the letter.* Since last writing I have received blue-books 
of Minor and Rea’s American patent, dated December 20, 
1877, and‘not December 26, 1876, as given in ‘‘ Pi actical’s”’ 
letter. I trust he will be more accurate in future, as such 
statements are very misleading. 

This in no way interferes with the English patent taken 
by me dated April, 1878, or subsequent patented improve- 
ments by myse and the maker, Mr. John Henry Storey. 
It matters little, however, to me if a score of instruments 
of “somewhat similar’’ have been made and not 
worked out in detail, but abandoned before the inventor 

rfected them and made them a success. That will not 
interfere with the validity of my patents, as any one intend- 
ing to infringe will probably find out. 

Relative to the defects in steam pressure gauges referred 
to by ‘‘ Practical,’’ I have replied so fully to your corre- 
spondent ‘‘ J. M. C.”’ in reference to this matter that it will 
not be necessary for me to remark further theron. 

I note ‘ Practical’s’ remarks in reference to the 
parallel motion, but I think all practical engineers will bear 
with me that ‘‘ piston friction’ far more tends to distort a 
diagram and render it comparatively worthless than any 
‘* theoretical flaws in a parallel motion.’”’ Before taking 
out provisional protection for my last patented improve- 
ment, I paid special attention to the matter, and made 
myself acquainted with every motion of which I could glean 
information, including the ‘‘ Peaucellier’’ and the ‘‘ Prim- 
Peaucellier,’’ or as it is somewhat facetiously called, the 
‘**octopus motion.’’ Many of your ers will be aware 
that there is a motion of this description in use in the 
ventilating engines of the Houses of Parliament, which was 
adapted from the ‘‘ P llier’’ motion by the chief engineer 
of the Houses, Mr. W. J. Prim. I examined these care- 
fully with a view to their adoption, but on further con- 
sideration decided on the sonolial motion which I have 
adopted, firmly believing that the vertical line to be 
described on a diagram taken from a steam engine is so 
short that any theoretical deviation will make no practical 
difference, and Iam prepared to show that in my instru- 
ment the pencil does move equal distances for equal pres- 
sures. I, therefore, turned my attention to other matters 
which I consider of more vital importance, and which are 
above referred to. 

As regards condensation in the tube, I may remark that 
a cylinder cock is supplied with each instrument with an 
out-take at side, which should be used after the tube has 
been warmed, and before describing the atmospheric line. 
This will effectually remove water of condensation. 
Further, I have never met with any fouling of the tubes, 
and if such did occur they could easily be cleaned out. 

I agree with ‘‘ Practical’s’’ remarks that ‘“‘ many have 





complained of the piston indicator because they wanted ex- a 


perience in the use of it.’ Surely, in all fairness, the same 
argument will apply to my own! 

‘* Practical’? must be joking when he makes use of the 
following remarks: ‘‘In Richards’ one ma; p & spring, 
and it will get no damage, but I do not think the Bourdon 
tube would come off without a set.’”’ Although I do not 
coincide with ‘‘ Practical’’ as to the results of such an 
alarming catastrophe, yet if he dropped his chronometer 
watch, or any other sensitive instrament, he would always 
incur risk of injuring it, and the safest course would 
not to drop it. pons for the length of this letter, 

am, Sir, yours very val, 

Manchester, June 21, 1880. J. W. Kenyon. 








WIRE GAUGE. 
To THE EDITOR OF ENGINEERING. 

S1r,—Under this keading I have seen very interesting 
letters in your ENGINEERING of late. When residing in 
Germany I had opportunities of noticing the interest 
German professors and masters took in wire gauges and 
other instruments for comparison of measurements with 
their own; the Halifax wire gauge had special attention, 
which I could not understand until my return to England, 
when I found it to be the gauge used in Yorkshire where 
so much wire for cards is drawn. I understand it is called 
‘*Birmingham wire gange” in England. What is the 
difference between them ? 

German manufacturers are as conversant with the 
Birmingham or rather English gauge as the English are, 
and as a matter of fact it is very extensively used by wire- 
drawers and others, although in some districts the old 
Dillengen and Westphalian gauges are usxd, withal the 
attempts made to have a uniform German wire gauge 
something similar to the French. These remarks bring me 
to “* T. A. G.’s’’ letter in your journal of the 11th inst. I 
think his extract from the Scientific American a bad com- 
parison, for it amounts to an advice to make wire gauges to 
suit egy ter pel if “T. A. - pit eer followed 
wee ‘oded with “‘ spiced” “patted” gauges, 
making the existing confusion worse confounding. German 
workmen do not as a rule stick to one sort of work, which 
makes the Englishman so thoroughly a master of his special 
work, and from what I have seen of French and Swiss work- 

* (Mr. Kenyon ite misinf. on this 
point, Mr. W. Walker and « Practical” are not the same 
person. —Ep. E.| 





What I think really wanted in this discussion is the Bir- 
mingham Se oe in its sizes; that we know 
with certainty No. 1 on a wire angels three-tenths of an 
inch, and if it is not, that is , and should by law 
be classed amongst the f weights and measures, and 
— to its penalties. Let us have a defined list of sizes 
of the Birmingham wire » *T. A. G.” will soon find 
uniformity of gauges established and understood clearly 
abroad, and he may rest assured ‘‘ established interests’ 
and the “‘ lish workmen’’ will take care of themselves. 
Evidently “T. A. G.”’ is not aware of the fact that the 
French metrical system was introduced many i ago 
into England, and that in 1878 it was established by an Act 
of Parliament. 
DRAHTMESSER. 


Liverpool. 


CLEARANCE IN STEAM CYLINDERS, 
To THE EDITOR OF ENGINEERING. 
Srr,—The following simple method of computing the 
clearance from the expansion curve might be of interest 
to your readers. 





. 
‘ 





Take two points, ab, on the diagram. Assuming the 
—_ to be a common hyperbola, we have according to 
gure : 


P V=P, Vv . + . (1) 
PV'=P(V—2)=PV-Pe.  . (2) 
P, V,'=P, (V;—2)=P, V; - Pz... (3) 


From (2) and ® we get: 
r Pvyi- 1 V,'=P V—Px-P, Vi+P, v3 
from which we get at once ; 
aa Vi'-PV' wd 
P—P, 
The points a and 6 ought to be taken at top of curve, the 
deviation from the es being there less than at any 
other part. am, Sir, yours truly, 
P. Noukr. 

Manchester, June 20, 1880. 

|The method of ascertaining clearance described by Mr. 
Nolet is not new, but as it may not be known to some of our 
readers we publish his letter. We may add that the most 
ready way of applying this mode of determining clearance 
is the graphic method devised by Mr. J. McFarlane Gray. 
The dotted lines which we have added to Mr. Nolet’s 
jiagram will explain this method, which is as follows; 
Join the points ab by a straight line, and parallel to this 
line draw another through the point c. The intersection 
of this latter line at d with the horizontal line passing 
Ee i] the point a will then mark off the clearance.— 

D. E. 








THE PIERS OF THE TAY BRIDGE, 
To THE EpiTor oF ENGINEERING. 

Si1z,—Mr. George H. Phipps, M.LC.E., in his letter 
appearing in your issue of the TBth inst., arrives at the con- 
clusion that the diagonal braces of piers such as were used 
in the Tay Bridge, ought to be constructed as compression 
bars in order to be of any use in resisting side pressure. 
His reason for this conclusion is, I am afraid, entirely 
fallacious. He says that any diagonal line drawn on tho 
compressed side of the longitudinal section of a solid beam 
is shortened when the beam is bent, and his di makes 
it appear as if this were so, because in that rape he 
loses sight of the shearing strains. Every one of his small 


£7 


parallelograms should not only have its one side com- 
pressed, but should also be twisted in a manner which is 
represented in e fashion in the accompanying 
sketch. This results in the stretching of one diagonal an 
the shortening of the other. Unfortunately it is exactly 
that diagonal a, which Mr. Phipps has as being 
shortened, which is really lengthened. In fact, any one 
who has taken the trouble to draw out a stress diagram for 
a braced structure of the class referred to, to side 
forces, knows that the one set of diagonals is thrown into 
tension and the other into compression. 

There are, however, great advantages to be gained by 
constructing the diagonals as compression bars. 

I am, Sir, yours obediently, 
Rosert H. Smirx. 
June 19, 1880. 


SCIENCE AND ART EXAMINATIONS. 
To THE Ep1ror oF ENGINEERING. 
Srr,—The results of the examination in naval architec- 
ture are just out, and to one knowing something of the 








candidates give as much as a feat of conjuring ; to 
a serious nature, however, the surprise is not accompanied 
ty A omen €e gee iarily) i 
am in * not pecuniarily) in 
year; three weeks after 
i candidate received instruc- 
tions for work to be done at home, consisting of a sketch 
from which to construct a complete bui draught 
(whatever that may mean). ‘ 
All the drawings but one I saw; they were made with 
every advantage in the way of ces; they were 
worked at night after night up to the time they had to bo 
sent off, as much as 30 or 40 hours being spent on the one 
most speedily finished, and when comp they would, 
any of them I fancy, have challenged attention in an ex- 
hibition of high-class ship drawings. From the results it 
appears that only 40 per cent. of the candidates have 
Now, Sir, unless the Science and Art Department claims 
credit for surprises, it might tell future (if not past) candi- 
dates, whether its former rule has been extended to 
embrace all candi the rule, I mean, that candidates 
whose answers to the written paper reach the required 
standard of excellence shall receive instructions for work 
at home; or, if this is not the case, what the points may 
be to which attention is specially directed in a candidate's 
drawing, and which, from his ignorance of what satisfies, 
must get there “more by good luck than good manage- 


ment.”’ 
F.R.S.N.A. 





PATENT LAW REFORM. 
To THE Epiror oF ENGINEERING. 

S1r,—I have read with pleasure Mr. Turner’s letter on 
the above subject in your issue of the 11th inst. : 

For some ns past I have been working in a similar 
direction in this city and also in Belfast, and am glad to 
say that we have now in d a number of inventors 
and others interested in patent reform who are most 
anxious to co-operate in any direction to bring about some 
beneficial alterations in the present condition of the 

tent system and especially towards obtaining a reduction 
in the present exorbitant stamp duties. . 

Iam, Sir, your obedient servant, 
J. ANGELO Fauztz, C.E. 
2, Nassau-street, Dublin, June 18, 1880. 





THE YACHT “ ANTHRACITE.” 
To THE EDITOR OF ENGINEERING. 
S1r,—The following very satisfactory news of the steam 
yacht Anthracite has just come to hand, vid New York. 


**From New York. Anthracite arrived at St. John’s, 
New “ns a eighteen days from London, is 
coming on to New York, weather has been unusuall 


boisterous, captain and officers abundantly satisfied wit 
results of voyage.” 
I am, Sir, yours very truly, 
. . W. Harris, Acting Secretary. 
The Perkins Engine Company, Limited, June 23, 1880. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday the market 
at Middlesbrough was better than it was last week. There 
was a fair attendance and there seemed to be more 
desire on the part of buyers to close negotiations. On 
Monday No. 3 Cleveland pig had advanced to 39s. per ton, 
and yesterday the market opened favourably. Te 8 
from ow, however, showed that the tch market 
was rather weaker and the Cleveland centre immediately 
followed the downward tendency, and No. 3 was di 
of at 3d. and 6d. per ton less than the opening prices. The 
fact that Cleveland is the largest iron-producing district in 
the world ought to enable the makers and merchants to 
rule the prices irrespective of other districts, but the im- 

rtant fact that the Scotch stocks of pig are so much 
eo than those in Cleveland enables the Glasgow 
8 tors and capitalists to manipulate in such a way 
t Middlesbrough follows the city on the Clyde. At 
Middlesbrough the stocks af Messrs. Connal Co., the 
warrant storekeepers, are rather larger. They now 
amount to 88,585 tons, and between 200 and 300 tons are 
being received into store daily. There aro a few deliveries 
ex store. On the Tees the shipments of pig iron continuo 
very brisk, and there is a good demand ,for immediate 
delivery. It is believed that the demand will continue for 
the next few weeks. 

The Finished Iron Trade.—There is a better demand for 
iron tram rails, and _——_ ing manufacturers, 
though getting short of work, so many inguiries that 


they are holding out for better prices. Ship plates are 
pe Ae 6l. 7s. = ie tne oe wen. Sy t ; 
ag ae bars 51, 7s. 6d., angles 51. 10s., and iron rails 


5s 
Engineering and Shipbuilding.—On the northern rivers 
the shi and da pense are busy. In New- 
castle a number of locomotives are being constructed, 
and the marine engine builders have work in hand which will 
keep them going for sometime. On the Tyne and Tees some 

lendid steamers are constructed. This afternoon 
| Dixon and Co., at Mi brough, launched a very 
fine screw steamer, the largest ever built on the Tees for 
Messrs. McIntyre and Co., of Newcastle. At this establich- 
ment several other vessels in a forward state are on the 
stocks, and upwards of 1000 hands are employed. 

The Coal and Coke Trades.—The coal and coke trades 
are quiet. In puaeity with Cleveland pig iron coke is 
rather déater, about 11s. 6d. per ton being the price, 
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100-TON TESTING 


MACHINE. 


CONSTRUCTED BY THE GRAFENSTADEN ENGINE COMPANY, MULHOUSE. 
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Tue machine illustrated by the accompanying figures 
is one of a large number designed and built by the 
Grafenstaden Engine Company, of Mulhouse, for testing 
materials, and is more particularly adapted to the wants 
of steel and iron works where a systematic record is 
kept of the properties of the manufactured products. 
It is specially designed for making experiments by bend- 
ing, tensicn, and compression, and is capable of being very 
rapidly altered tocarry out any of these tests. Figs, 1 and 
2 show a front and side elevation respectively of the 
machine, from which its general construction can be 
learned. It will be seen that it is a machine of the 
vertical type, a construction well suited to eliminate all 
errors of friction, &c., in its own mechgnism, and also 
permitting the specimen under experinent (particularly 
for tension) to be tested to the greatest advantage, as it 
is ible when the load is being gradually applied to 
make the axis of the test piece coincide with the line of 
tension when the test piece is suitably held in ball-and- 
socket joints or by double gimballs, The main frame of 
the machine is all in one casting strongly stiffened by 
ribs, and as this — carries all the knife edges for 
the levers as well as the hydraulic press for applying the 
load, it makes the whole‘ machine perfectly self-contained 
and independent of any extraneous aid from foundations, 
buildings, &c. Figs. 1, 2, and 3 show the machine in 
front and side elevation, and in plan arranged for making 
bending tests ; the bar under experiment is placed hori- 
zontally in the machine with ite centre resting in a fork 





having a rounded bearing; this fork is carried by the 
ram of the hydraulic press and has a maximum vertical 
motion of 150 millimetres, or say 6 in. The end bearings 
which receive the pressure of the loaded levers are one 
metre apart, as this is generally taken as the standard 
for all rail tests on the Continent; these bearings are 
cylindrical and are guided in long bushes bored out of 
the frames, they are also rounded at their ends where 
the test piece rests on them. Immediately under the 
end bearing are small hollow columns carrying levers 
weighted at one end and having screw adjustments 
capable of being regulated by small handwheels; at the 
other end above these handwheels are small rollers 
carried in forks, the object of these latter being to bear 
against the lower side of the bar being tested and to 
keep it in place until the pressure is fully applied as 
well as to prevent its flying about should it break during 
the test. The cylindrical end bearings A A A, Figs. 1 and 
2, press against the horizontal levers B B, which finally 
transmit the pressure to the weight C C in Figs. 2 and 3. 
The weight of the levers themselves is counterbalanced 
by the levers E E and the weights D D in Figs. 2 and 3. 
The lever F and the weight C are so proportioned that 
one division on the former represents one metric ton, and 
the graduations on the handwheel G which moves the 
screw H represent smaller amounts. The pressure is 
applied by means of three small pumps driven at dif- 
ferent by double gearing. Figs. 4 and 5 show a 
side and an end elevation of pumps for working the 

















press in situations where power is not conveniently avail- 
able, Figs. 6 and 7 show the machine for 
making compression tests, suitable tables being placed on 
the top of the hydraulic ram and the underside of the 
crosshead connecting the vertical end bearings between 
which the imen is put. 

When it is wished to use the machine for tension, the 
top crosshead I I, Figs. 6 and 7, is screwed down into 
the ion shown by Figs. 8 and 9 by means of the 
vertical screws KK. The four round vertical pillars 
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100-TON TESTING MACHINE. 


CONSTRUCTED BY THE GRAFENSTADEN 











COMPOUND LAUNCH ENGINE. 


CONSTRUCTED BY MR. GEORGE KINGDON, KINGSWEAR, DARTMOUTH. 





L L, Figs. 6, 7, 8, and 9, are thus locked between the top | 


crosshead and the table carried by the ram of the hy- 
draulic cylinder, so that when the pressure is applied to 
the ram these vertical pillars are put in compression and 
raise the small top crosshead. The specimen M M, 
Figs. 8 and 9, is fastened direct to the crossheads by the 
pins N N when of large size, the resistance being mea- 
sured as before by the weight transmitted through the 
levers. When smaller turned specimens are being tested 
the arrangement shown in Figs. 10 and 11 is used ; in this 
case the test pieces are held in ball-and-socket joints 
which gives them the best possible means of adjusting 
themselves to the load. For testing plates and bars the 
wedge jaws shown in Figs, 13, 14, and 15 are employed, 
in which it will be seen provision is also made for 
enabling the bars to accommodate themselves to the line 
of stress by keeping one side of the wedges rounded. 
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We are informed by the Grafenstaden Engine Company, 
whom we have to thank for the drawings, that they 
have already built twelve of these machines, and that 
they are in use by the following firms, amongst others, 
Messrs. Schneider, at Creusét, and Messrs. Petin, 
Gaudet, and Co., Mr. Krupp, at Essen, as well as the 
Terrenoire and de l'Horme Companies, One of these 
machines which we lately saw left nothing to be desired 
in the quality of either workmanship or materials. 


KINGDON’S PATENT COMPOUND ENGINE. 

WE annex engravings of a small steam launch engine 
designed and patented by Mr. George Kingdon, of 
Kingswear, near Dartmouth, the perspective view show- 
ing the general arrangement of the engine, while the 
section through the two cylinders and valve chest will 
explain its special features. The principal points in it 





ENGINE COMPANY, MULHOUSE. 





are, a single valve governing the admission of steam to 
both cylinders, and a grooved piston rod which obviates 
the necessity for a high-pressure gland, thereby effect- 
ing a considerable saving of space as compared with the 
ordinary type of tandem engine. Both cylinders are 
arranged to carry the steam through about nine-tenths 
of the stroke, and their areas are made proportional to 
the number of expansions required, 

As will be seen, there is no receiver, the steam passing 
through the slide valve from the high to the low-pressure 
cylinder, and while doing so is prevented from waren {af 
the steam at boiler pressure with which it is surrounded, 
The rod of the high-pressure piston is formed with 
annular grooves and projecting rings, which rings fit 
the wall of the aperture in the partition plate between 
the two cylinders, and form a steam-tight joint at that 

art, whereby the usual stuffing-box is dispensed with. 
t will be noticed that it is only during the up-stroke 
that there is a material difference of pressure on the two 
sides of the central partition, and during that stroke the 
piston rod is moving towards that cylinder in which 
the higher pressure exists. This materially increases 
the efficiency of the arrangement. During the down- 
stroke leakage around the piston rod from the upper 
to the lower cylinder is of no importance. The engine 
can of course be made either with ‘equilibrium piston 
valve, or with the ordinary slide valve, and the arrange- 
ment is applicable to all forms of compound engines. 
In the case of the small engine shown by our engray- 
ings the cylinders are not steam jacketted, but engines 
of any size would of course be made so. 

An engine of this construction has, we are informed, 
been running for some moziths, and has given complete 
satisfaction as to work given out for the steam used and 
also as regards saving of trouble and durability of work- | 


ing parts. In this engine 23 indicated horse power 
have been given out from a high-pressure cylinder of 
5 in. diameter and 7 in. stroke. me indicator diagrams 


from one of these engines which we have had the oppor- 
tunity of examining show an excellent action of the 
valve and remarkably small drop between the two 
cylinders. The arrangement altogether forms a .very 
simple and compact type of compound engine which will 
no doubt find many applications. 


Tue Suxz CANAL.—The revenue of the Suez Canal Com- 
=e = months of this amounted to 

34,2951. The corresponding amount of revenue collected 
in the corresponding period of 1879 was 535,2321. The in- 
crease in the company’s revenue was still continuing in May. 








Erratum: CoRRUGATED FiuEs.—We regret to have 
to correct an error in our article on “ ted Fines,” 
blished in our last number. In the “ Prince 


endrik’’ (see 478, third column) grate surface 
i ve been 


t 
, whereas it should ha: 
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ENGINES OF ALLAN LINE STEAMER 
“ GRECIAN.” 

We complete to-day the publication of the general 
and detailed drawings of the engines and boilers of the 
steamer Grecian, recently built and engined by Messrs. 
William Doxford and Sons, of the Pallion Yard, Sunder- 
land, for Messrs. J. and A. Allan, of Glasgow. In now 
commencing our description of these drawings we desire 
in the first place to acknowledge the great courtesy with 
which Messrs, Doxford have freely placed at our disposal, 
for our readers’ benefit, so many details of their work, 
the design of which is everywhere interesting,-and in 
soveral points especially well worked out. It is not often 
that the details of work of this high class become so 
thoroughly accessible to the professional public, and 
therefore a special word of recognition, on this head, is no 
more than the due of the designers. 

To facilitate reference it may be well to mention here 
once for all the dates at which we have published the 
different engravings. Figs. 1 and 2, the general views of 
the engines, were published on May 21; Figs. 3 to 17, 
details of cylinders and valves, on June 4; Figs. 18 to 30, 
details of condenser and air circulating pumps, on 
June 18; and Figs. 31 to 42, the thrust block, boilers, 
and propeller, we publish to-day, Figs. 31 to 40 being 
contained in our two-page engraving, and Figs. 41 and 42 


on e 502. 
he principal dimensions of the Grecian are as follows: 
between perpendiculars 360 ft. 
»» overall ... ii in 372 ,, 
Breadth (extreme) ” 
Tonnage { Foes 3612.78 


She has been built of extra strength throughout, and 
is specially equipped for the North Atlantic trade, one of 
the most trying of all trades, and one in which both ship 
and engines will meet with and be expected to stand 
plenty of hard work and rough usage. 

Her engines, the general arrangement of which is 
clearly shown in Figs. 1 and 2, are designed to indicate, 
and aro called 2000 horse power; the builders having 
some time ago (following the example of the Admiralty) 
entirely given up the use of the term nominal horse 
power. The high-pressure and low-pressure cylinders 
are respectively 48in. and 84in. in diameter, and the 
stroke of both is 4ft. Gin. The soleplate, which is com- 
posed of two castings bolted together on the centre line 
athwartships, is of the “box” type, and extends under 
the whole of the engines carrying the condenser and 
columns on its upper surface, The crankshaft is in two 
halves, interchangeable and reversible, The main bear- 
ings are 15} in. in diameter and 23in. long, the crankpins 
being of the same diameter and 16 in. long. The turning 
wheel, it will be noticed, is fitted on the centre coupling 
of the crankshaft, and the turning gear is of the double 
worm type, the auxiliary worm-shaft being driven by a 
belt from the worm-shaft of the reversing gear, which is 
a continuation of the reversing donkey crankshaft. The 
reversing donkey is thus utilised for turning the engines. 
The connecting rods, which have 14 ft. 1} in. centres and 
are, therefore, 44 cranks long, are fitted with adjustable 
brasses on each jaw of the top end double eyes. The 
gudgeons are forged solid on the crossheads, while the 
latter are fitted to the tapered bottom ends of the piston 
rods and secured by nuts. This arrangement is adopted 
because of the facility which it affords, as compared with 
the very common plan of having the crosshead forged 
solid on the piston rod, for overhauling the top end 
brasses. When these are made so that, along with their 
cap, they lie between the jaws of the solid double-eye on 
the connecting rod, there is no doubt considerable diffi- 
culty in getting at them, and when it is difficult to over- 
haul any part of an engine there is always fair reason for 
assuming that that part is more or less neglected or in- 
efficient. The arrangement adopted has the further ad- 
vantage that the piston-rod can be taken out and tried in 
the lathe, if there is any suspicion of its being bent 
through accident, without it being necessary to remove 
the piston from the rod, always an undesirable and often 
a troublesome operation. 

Passing next to the valve gear the eccentric straps are 
of wrought iron, lined with brass; and all the pins work 
in adjustable brasses, The eccentric rods, as well as 
some of the others, are made of a circular section, which 
the makers consider a stiffer form than the flat bar section. 
The reversing links are of the double bar type, with the 
eccentric rod and drag link pins forged on them. Both 
the sliding blocks, the slide spindle eyes, and slide spindle 
guides are made adjustable. 

The reversing gear is of the “all rcund” type, the 
weigh-shaft being turned by a wormwheel and worm, the 
shaft on which the latter is fitted being a continuation of 
the reversing donkey crankshaft. This arrangement has 
the advantage of doing away with all the stops and 
buffers necessary to the direct-acting type, and prevent- 
ing the possibility of over-running. The reversing 
donkey is a trunk engine, with a cylinder of 8 in. dia- 
meter and 8 in. stroke. The cut-off in the high-pressure 
cylinder is effected by a separate expansion valve, 
worked by the very simple arrangement shown in Fig. 1. 
A pin on the end of the crankshaft drives, by means of a 


always the fulcrum, the position of the latter being 
changeable by a screw to suit the required cut-off. 
When the reversing donkey is running at its proper 
speed, the operation of reversing from full speed ahead 
to full speed astern can easily be performed in twenty 
seconds. When the reversing engine is put into gear for 
turning the engines, the time required to give them a 
full revolution, with 40 1b, steam in the donkey boiler, is 
about seven minutes. The arrangement of the starting, 
drain, and regulator gears is clearly shown on our en- 
gravings, and needs no comment, All the handles are 
placed so as to be worked from the starting platform on 
the starboard side of the vessel. 

Figs. 3 to 8 show the details of the cylinders. Both 
are double-bottomed, and the high-pressure cylinder 
has a separate liner, the method of attaching which is 
shown in Fig. 7 (p. 435). Both port faces have sepa- 
rate hard east-iron valve faces screwed on, the details 
of the connexion being shown in Fig. 8. The cylinders 
are unjacketted. Particular care seems to have been 
taken to arrange the passages as well as the relief 
valves, so as to keep the cylinders and ports clear of 
water, a very important matter. 

Figs. 9 to 17 give details of the high-pressure valves 
and casing. Both valves are double-ported, the expan- 
sion valve working on the back of the main slile. The 
latter is partially relieved of pressure by a Dawes and 
Holt’s steel diaphragm relief frame (see Fig. 16). The 
cut-off in the high-pressure cylinder can be varied to 
any point between 14 in. and 32in. of the stroke. The 
low-pressure valve is of the ordinary double-ported type, 
and is not shown in detail. 

The regulator valve-chest contains both a diaphragm 
valye worked by the governor only and a stop valve. 
The latter is of the type sometimes called the ‘ Cormack” 
valve, which consists of a small central valve forming 
part of the spindle, which first rises with the spindle, and 
a large annular valve which is lifted by the spindle as 
soon as the small valve has risen to its full lift. 

Figs. 18 to 23 show the arrangement of the surface 
condenser. It consists of two principal castings, and has 
the columns for supporting the cylinders on the port 
side cast on it. The tubes are arranged in two sets or 
nests, an upper and a lower, the circulating water passing 
first ‘eh the latter and then through the former 
before going overboard. The air and circulating pumps, 
Figs. 24 to 30, are attached to the back of the after half, 
and are driven by levers, &c., from the low-pressure 
crosshead in the usual way. The circulating pump, 
which is double acting, draws from the sea and forces the 
water through the tubes. The forward column on the 
condensar communicates with the upper part of the for- 
ward tube-box, and so acis as air vessel to the circulating 
pump ; by a slight error in Fig. 19 this opening is shown 
as closed by the tube-plate. It will be noticed that the 
circulating pump is also fitted with a 6-in. easing valve 
for use in heavy weather. 

The air pump is of the ordinary single-acting bucket 
type. By the arrangement of a rose pipe in the exhaust, 
and a stop-valve for admitting sea water into the con- 
denser, the latter can be worked as a jet condenser if it 
should at any time be necessary todo so. When thus 
working, the after column serves as an air vessel to the 
pump. It will be noticed that great pains have been 
taken to make the pump valves all thoroughly accessible 
—a most important point. The bucket and foot valves 
of the air pump are got at through a 15-in. manhole in 
the side of the brass barrel. The condenser contains 
1232 brass tubes lin. external diameter, which have, 
collectively, a surface of 4502 square feet. The con- 
denser is well provided with sight-holes, manholes, mud- 
holes, &c., both in its upper and lower portions, so that 
its eondition can at all times be seen. The tube-plates 
are of rolled brass 14 in. thick. 

Figs. 31, 32, and 33 are respectively longitudinal 
section, plan, and cross section of thrust block. As will 
be seen from our engravings it can be adjusted on its 
soleplate both fore and aft and athwartships. In addi- 
tion to the usual large driving collar on the after end, it 
is fitted with a similar one on the forward end, the object 
of this is to prevent backlash (or fore and aft movement) 
on the shafting when the engine is reversed, the block 
being supposed to be more or less worn. To accom- 
plish this purpose the lower half of the brass facing 
behind this collar is loose and can be slid out round the 
shaft, when the cap of the block is off, and lined up with 
tin. The total thrust surface is 995 square inches. 

The boilers are clearly shown in Figs. 34 to 40, and 
require little comment. They are of a type which is 
in considerable favour amongst marine engineers at pre- 
sent, on account of its occupying little space in the ship 
in plan, and taking advantage of space overhead which 
is in many cases only so much space lost. 

Each boiler contains six furnaces, three at each end, 
2 ft. 10 in. in diameter, each set of these furnaces having 
a common combustion chamber. The top corners of the 
boiler are rounded off so as to diminish the number of 
stays necessary, and also to facilitate the getting at and 
cleaning of the outside of the boilers. A space of 11 in. 
clear is left between the two nests of tubes in the centre 
of the boiler, so as to allow of the tubes being properly 
cleaned. Each boiler contains 260 3} in. tubes No. 8 





long link, one end of a lever, of which the other end is 


W.G thick, and 88 stay tubes of the same size and } in. 


thick, the distance between tube-plates being 6 ft. 7 in. 
The shell is }3 in. thick, the front tube-plates 3? in. and 
the back tube-plates gin. Details of the rivetting are 
shown in Figs. 37and 38. The working boiler pressure 
is 75 lb. per square inch. The boilers are arranged in 
the ship as shown in Figs. 39 and 40, the three boilers being 
placed side by side and fired fore and aft. The uptakes 
are divided right up to the base of the funnel, so as to 
form a separate flue for each three furnaces, Each boiler 
delivers its steam separately into the receiver (5 ft. 10 in. 
in diameter by 14 ft. long) placed acrossand above them. 

It will be noticed that the whole of the cocks and valves 
(excepting the bottom blow-off cocks) requiring the fre- 
quent attention of the enginesrs on watch, are placed so 
as to be accessible from the upper platform, which, run- 
ning on the stringers of the ship at the sides, crosses tha 
stokeholes at the same level, and thus enables the engi- 
neer whilst making a complete circuit of and attending to 
his boilers, also to keep an eye on his firemen. Figs. 41 
and 42, page 502, fully show the propeller, which it will 
be seen is a simple four-bladed one, the blades being cast 
on. Its leading dimensions are included in the list of 
chief dimensions of the engines given below : 

Diameter of cylinders... ae -» 48 in. and 84 in. 


Length of stroke “ in, 
Diameter of piston rods 
< screwed end Fas 
9 ; Diss : eee i ve 
Thickness of high-pressure liner... 1 i “e 
mi low-pressure cylinder... 13 ,, 
Diameter of connecting hed di in. to 94 in 
Diameter of top end gudgeons (two) 7 in. 


Length of a 
Diameter of connecting 
(top and bottom) ... ose 
Diameter of main bearing bolts 
crankshaft and crank 


rod bolts 


eo Sd in. and 43 ir. 
4} in. 


pins «a. sain ove 15} ,, 
Leugth of crauk pins ... Ee 
a mean beari ° ‘i 23 
Diameter of slide spindles... eco 4 » 
Travel of valves ese en pom 6 ,, 
Ratio of cylinder area to area of 
mean valve opening : 
High-pressure main valve... on 1:16.4 
Expansion valve (14 in. cut-off) ... 1:26 
a * a a Bie 1:16.45 
Low- pressure valve... exe so 1:30.9 
Diameter uf air pump... ee 29 in 
99 circulating pump “i 18 ,, 
me feed and bilge pumps ... 4},, 
Stroke of all immo as om wi 36 ,, 
Diameter of ci ting suction pipe Rie 
” ” discharge ,, 10 ,, 
aa jet injection valve... 5 55 
a condenser tubes ooo 
Number of ‘a ~. me 1232 
Effective length 13 ft. 113 in. 
Condensing surface ... ve +» 4502 sq. ft. 
Condensing surface per indicated 
horse power ... ose - sila 2.25 ,, 
Length of each boiler ... 18 ft. Gin. 
Breadth 9 sas 11 ft. 0 ,, 
Height “~ 13 ft. 6 ,, 
Total grate surface on .. 300 sq. ft. 
Total — surface ... a ice WE « 
Heating surface per indicated horse 
power ... am od ig pee 3.83 ,, 
Ratio of grate to heating surface... 1:25.6 
Steam space... es ia +» 1833 cub. ft. 
Diameter of funnel as 8 ft. 
9° propeller ... ove 18,, 
Pitch of propeller aa 24,, 
Surface of blades 107 sq. ft. 


We hope shortly to be able to publish indicator dia- 
grams and abstract of log of this vessel, giving her ordi- 
nary sea-going performance. 

In concluding our description of these drawings, 
drawings which in many points amply repay careful 
examination, it may be interesting to mention that 
Messrs. Doxford are now rapidly completing, for the 
Peninsular and Oriental Steam Navigation Company, the 
8.8, Brindisi, a vessel which is in many respects a sister 
ship to the Grecian. The dimensions of the hull are the 
same ; but the engines, which are of the same design as 
the Grecian, are to indicate 2800 horse power on the trial 
trip, the guaranteed speed being 13 knots. She will have 
seven oval single-ended boilers, three on each side of 
stokehole and one at forward end. The total grate surface 
will be 346.5 square feet, and the total heating surface 
10,062.5 square feet. Total cooling surface, 5500 square feet 





Tue MeLBouRNE EXHIBITION. —The works at the Mel- 
bourne Exhibition building are being pushed steadily for- 
ward, with a view to getting everything ready in time for the 
official opening in ber. Meetings of the various.com- 
mittees are held at frequent intervals. Some delay has 
arisen with regard to the machinery annexes, and the con- 
tractors have complained that if they are impeded it will be 
impossible for them to have the annexes completed within 
the six months allowed them. Ata recent meeting of the 
Building Committee a proposition was made that the dwarf 
towers at the four angles of the building, and also the 
flanking towers, should be heightened so as to make them 
more in keeping with the central dome. A good deal of 


delay would necessarily be occasioned the proposed 
alteration, and it is deiiosamamanal be come to 
by which the duel tone “fl to be @ are with 





regard to height, but will be roofed with slate. 
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PUBLIC HEALTH AND LOCAL 
GOVERNMENT. 

Tue Council of the Society of Arts commenced a 
scries of conferences in 1876, the chief object of 
which was to gather and disseminate a knowledge 
oi those conditions essential to public health, to 
point out the present deficienties, and to suggest, as 
far as possible, remedies for existing sanitary evils, 
On the 10th of this month the conference for the 
present year was opened at the Society’s rooms, and 
at the same time an exhibition of sanitary apparatus 
took place. 

The Right Honourable Mr. James Stansfeld, 
M.P., took the chair, and in his introductory remarks 
observed that the object of these conferences had 
been greatly enlarged, so that by the end of 1877 
the Council found themselves face to face with a 
very different question. ‘They continually found 
themselves met with the difficulty of insuring the 
carrying out of sanitary laws, because of the apathy 
of local bodies, and anything but disinterested oppo- 
sition on the part of owners of property. After 
noticing many suggestions that had been made to 
remedy these evils, he remarked that he still held 
the view that he had previously expressed, to the 
effect that the sanitary question was an educational 
one, and that the people must be educated to givea 
willing and cordial support to sanitary laws, instead 
of too much reliance being reposed on arbitrary law. 
The first proposition he would lay down was that 
the unit of area for local government should be as 
large as convenient and practicable, and his next 
proposition was that it is advisable to make the 
governing body of that area the governing body for 
all the governing purposes for which that area 





existed. There were some functions, however, 
which belonged to a governing body of a larger area. 
This brought them to the county board question. 
An aggregate of areas would form the county area. 
He thonght that county boards were needed to 
raanage roads, bridges, lunatic asylums, and probably, 
in the future, county workhouses. The county 
boards were also wanted for the conservancy and 
prevention of the pollution of rivers, and through 
the county boards they would find. themselves 
securing the appointment of independent medical 
officers of health. The existence of county boards 
would, of course, affect the present position of the 
Local Government Board. The laws of health 
should form part of the education of children. 

In explanation of the objects of such county boards 
a paper was read by Mr. Ernest Hart. A discussion 
on the subject then followed in regard to its various 
details. Numerous suggestions were made, but 
eventually the following resolution proposed by the 
Chairman, and seconded by Professor Way, was 
adopted : 

‘This conference confirms the resolution passed 
by the conference of 1878 in favour of the con- 
stitution of county boards to conduct the ordinary 
administrative and financial business of the county. 
This conference is further of opinion that such re- 
presentative county boards should be instituted 
with the least possible delay, and that the functions 
entrusted to them and the powers conferred upon 
them should be wide and full, and conceived in the 
view of enlarging, elevating, and reinvigorating the 
principle of local self-government in this country ; 
and further, it is the opinion of this conference 
that such county boards, or combinations of them, 
in preference to newly constituted authorities, should 
be charged with the conservancy of rivers, includin 
the prevention of floods, the storage of water, an 
the preservation of rivers from pollution ; and lastly, 
such county boards should also be charged with the 
appointment of county health superintendents in 
each county.” 

This county board seems an admirable scheme on 

per. But how about its practical results? In 
agricultural districts landowners would form the 
majority of their members, and in manufacturing 
districts the manufacturers would have the advan. 
tage. Now these are the two classes of persons who 
have been condemned at each of the conferences— 
the landowners for preventing sanitary improve- 
ments, and the manufacturers for rendering them 
urgently necessary, in part by the pollution of 
streams which nearly all manufactures cause, and 
secondly, by the enormous overcrowding which a 
manufacturing district necessarily creates. In the 
face of these facts where, we would ask, could in- 
dependent members be found in any part of Great 
Britain who would carry out the objects of the re- 
solution above quoted? It appears to us that the 
plan would perpetuate or enlarge the evils of the 

resent local sanitary authority arrangement and 
en that control which the Local Government 
Board can now exert, either by persuasion or com- 
pulsion, on boards remiss in their duty to the public. 

On the following day the conference was resumed, 
and resolutions passed recommending that the ad- 
ministrative organisation of the Government 
Board should strengthened and improved, and 
making some suggestions for collecting sanitary in- 
formation both here and abroad, with the periodical 
publication of reports elucidating sani statistics. 
Another resolution, passed, recommended an amend- 
ment of the law in respect to the powers possessed 
at present by local authorities ir regard to the con- 
struction of sewers, and the connexion of house 
drains therewith. Numerous other sanitary im- 
provements in respect to legal powers of enforcement 
were mentioned in the resolution. Suggestions were 
also made to the effect that the ‘‘ Pollution of Rivers 
Act” should be amended so as to make its provisions 
more capable of being carried out. 

But the subject to which we would especially 
draw attention here is that of the ‘‘ Sanitary Inspec- 
tion and Classification of Dwellings.” This subject 
was introduced in a thoroughly practical speech by 
Mr. Cresswell, Q.C., who pointed out some of the 
leading defects of houses in London, especially those 
connnected with drai . To remove these evils 
and to establish a class of tr dwellings the 
following plan was propused in the form of a resolu. 
tion, which was agreed to, viz.: ‘That in the 
opinion of this conference it is expedient that the 
local authorities should be empowered by the Legis- 
lature to make provision for the sanitary i tion 
of dwellings on a defined system upon application 





being made by the owners thereof, and to grant 
certificates according to the perfection of sanitary 
equipment and fitness for habitation of such dwel- 
lings, accompanied by plans of the drains, gullies, 
&c., and to determine the scale of fees to be paid for 
such inspection during construction and repair, and 
also upon delivery to the applicant of the certificate 
awarded to such dwelling.’ 

We do not know how many landlords were 
present and gave in their adhesion to this ‘resolu- 
tion, but we fancy that on mature reflection many 
of them would repent of their decision. By ‘the 


law, as it now stands, all owners or landlords = ! 


property are compelled to see to the proper 
of houses now in construction, and in respect to old 
houses there are ample powers held by the local 
authorities and the Local Government Board to 
remedy such evils if they would only set such 
powers in motion. Let us ask, as a matter of 
common sense inquiry, how many landlords in 
London, whether of West-end mansions or of East. 
end rookeries, would care to seek for such certifi- 
cates, and on the other hand how many intendin 
tenants would ask for, if they could understan 
such certificates? We might put a third and more 
a, question, How many out of the 550,000 
ouses in the metropolis could safely undergo such 
an inspection with a chance of getting a clean certi- 
ficate? It is only ashort time ago that the Lord 
Mayor of the City of London nearly lost a child 
through typhoid fever while residing in the Mansion 
House; the nearly fatal illness of a member of the 
royal famil , 80me years ago, from typhoid fever, 
cannot be forgotten. What, therefore, might we 
expect in examining houses of ‘‘ common people” if 
the mansions of the great are so defective? 

Had the conference resolved on such a plan as 
was proposed by Mr. Cross some two or three years 
ago in a Public Health Bill, afterwards withdrawn, 
that of a compulsory house inspection instead of a 
voluntary one, we should have considered it im- 
mensely valuable. But to psa such an inspec- 
tion as would never be asked for by a landlord, nor 
cared for by a tenant, seems to us to be playing at 
the same time with the powers of legal action and 
the objects and duties of sanitary improvement. 

We entirely agree with Mr. Stansfeld that the 
future progress of sanitary improvement must be 
treated as an educational one. our memory serve 
rightly, it was at the first conference of the Society 
of Arts, in 1876, that a baronet from the West of 
England stated that he had never heard of sanitary 
chemistry or svience until recently, and that was by 
accidentally hearinga gentleman from London lecture 
On the subject in his neighbourhood, If men of in- 
fluence, station, intellect, &c,, are ignorant of such 
subjects, what can be expected of the middle and 
lower classes? It seems to us that if the Society of 
Arts were to attempt the organisation of branch 
societies all over the beg say by aid of existing 
mechanics’ institutions and the like, so as to bring 
home a knowledge of sanitary matters to the opera- 
tive and his family, an immense amount of good 
might be effected. It should be of science as of a 
se. og kind of teachirg—to the poor should know- 
ledge be preached, 

We sball notice the special conference on metro- 
politan house drainage and the exhibition of sani- 
tary appliances in another article, 





THE WALSALL BOILER EXPLOSION. 

Tue inquiry into the recent boiler explosion at 
the Birchills Hall Iron Works* was advanced 
another stage on Monday last, when the inquest 
oa those killed by the explosion was resumed at 
Walsall before the coroner, Mr. A, A. Fletcher, 
The first witness called on Monday was Henry 
Morris, who deposed that he had been employed 
at the Birchills Hall Works for about six years and 
had charge of the machinery. If anything was 
wrong he had to report to the managers—Mr, 
Harrison or Mr. Johnson—and to see what he had 
reported was attended to. The three feed pumps 
worked well, and one had always been suflicient to 
feed all the boilers. He examined the floats every 
day, and that on the boiler which had blown up 
was all right, as far as could be seen from the 
ground, within half an hour of the explosion. His 
impression was that the safety valve weight of the 
exploded boiler was from 4 in. to 6 in. from the 
end of the lever. He never saw a difference of 
10 lb. between the two gauges, and never knew the 
boilers worked at the end of last year at a greater 


* See pages 421, 431, and 458 ante., 
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pressure than 29 Ib. to 301b. The safety valve 
weight on the exploded boiler was readjusted by 
Cornfield about five weeks before the explosion. 
As regarded the letters from the Boiler Insurance 
Company, he did not remember to have heard these 
read to him as a rule; an important exception, how- 
ever, was in the case of a letter sent on January com- 








laining of a piece of iron being used to overload 
he aaf “valve of No. 1 boiler; this had been put 
on by the epgineer; he (witness) saw it, but could 


why he did not remove it until after the 
rhad been. He did not think it his duty 
after the boilers, he considered the engineers 


ible. 

Birch, boilermaker, 
who d that he had worked for the Birchills 
Hall Company two years, and that he received his 
orders as to repairs from Mr. Johnson only. The 
repairs were commonly required in the sweep plates, 
Iron of the best quality was used. Neither he nor 
his son had ever repaired the shell of No, 4 boiler 
about the tubes, but it had been — many 
times before he went to the works. e boiler had 
been maf» by him on the ground some sixteen or 
seventeen years ago, Mr, Jones being then the 
owner; the boiler was not made Messrs. 
Thornycroft as had been stated by Mr. Brownhill. 
He never put in plates less than y;in. thick, one 
shown—less than jin. thick—he never put in; it 
must have been thinned by water from the feed valve 
running down overit. He sometimes examined the 
plates, and if he found a bad one he replaced it by a 
good one ; he had never put a new bottom to this 
boiler. The boilers made by Messrs. Thornycroft 
were the two others of the same make. He was at 
the works in November but did not see the inspector 
put his hammer through some plates. Some plates 
} in, thick at one end and poate ys in, at the other 
were taken out of No. 4 boiler (the one which ex- 
ploded), but had never seen a plate as thin as yin. 
taken out of this boiler, although they might have 
been out of others. He recollected the inspector 
putting his hammer through the bottom of No. 3, 
and remembered a letter of November 11, 1879, 
in which it was stated that the inspector had put his 
hammer through the bottom of No. 4, and that two 
plates should be renewed, This was done. It was 
not his duty to look after the front and he did not 
know if the chain had been lengthened; he never 
saw any sign of wasting in the seam opposite the 
ball furnace. All the letters from the Insurance 
Company were read to him, and he had to see that 
all the work required was done; all the inspector 
ordered was carried out. The patch by the ball 
furnace was put in about five months ago, the rivet 
holes in plate and patch being drilled. ‘The plate 
was coided in three holes, and some of the rivet 
holes in the piece produced were not fair; it was, 
therefore, not a good job. The boiler No. 4 was, 
he maintained, a good one; but repairs were, he 
stated, to be done after Whitsuntide ; and he pointed 
out plates which he said were to be replaced. He 
ae not admit, however, that these renewals had 
been determined upon from a fear of the boiler 
being unsafe. He did not consider that he was re- 
sponsible for the boilers being properly maintained ; 
the responsibility he supposed rested with the in- 
spector of the Boiler Insurance Company, or with 

r. Brownhill or Mr. Johnson. If less repairs than 
usual had been done to No. 4 boiler during the month 
preceding the explosion, he supposed that it was 
because less were needed, Finally, in answer to 
Mr. Williams (who ap on behalf of the owners) 
he admitted that all through the latter —_ of the 
examination he had been thinking of No. 5 boiler. 
Mr. Williams stated the plates which it had been 
asserted had been ordered for renewals, were not of 
“ae size for No. 4. boiler. 

illiam Shearn, inspector to the Boiler Insurance 
and Steam Power Company, was the next witness, 
and stated that he had from time to time examined 
the boilers at the Birchills Hall Iron Works, In 
November last he found the bottom plates of No. 4 
very bad; he put his hammer through in one place, 
and could have done so in others. He was then 
promised that a new bottom should be put in. The 
working pressure at that time he calculated at 33 lb. 
per square inch, and he drew the attention of the 
company to the overloading. He examined the 
boiler again on March 22nd last., when boiler- 
makers were at work on it, putting in new rivets 
and caulking. wasa good deal of grooving 
in one of the breast plates opposite the ball furnace, 
and he told the men they would not get the boiler 
to last long without some new plates. 


were 
The next witness was H 





At this point some of the jurors desired to return 

a verdict without hearing any further evidence, but 
ultimately it was decided to receive the report pre- 
ag by Mr. H. Bewlay for the town authorities. 
n this report Mr. Bewlay first described the con- 
struction of the boiler, and fhen pointed out serious 
defects which he had found in many of the plates, 


some of tiese defects arising from ordinary wear, | y 


some from corrosion, and one or two from overheat- 
ing. He also pointed out the thinness of some of 
the plates, and explained the strains at which the 
samples broke, while finally he stated that he had 
arrived at the conclusion that the explosion was 
the result of excessive internal pressure. The 
cross-examination of Mr. Bewlay was postponed 
until to-day (Friday), to which day the inquest was 
adjourned, and when it is expected that the verdict 
of the jury will be given. We hope next week to be 
able to comment on the whole matter. 








NOTES. 
THE InstITUTION CONVERSAZIONE. 

On Wednesday evening last Mr. W. H. Barlow, 
the President of the Institution of Civil Engineers, 
held a conversazione at the South Kensington 
Museum. Mr. Barlow, we are glad to say, has re- 
turned to the practice ina ted by Mr. Hawksley, 
and the invitations issued by him included ladies. 
The gathering was essentially a social one, no 
pretence being made to give it a scientific character, 
and under these circumstances it requires no detailed 
notice at our hands. We have only to record, in 
fact, that the conversazione was a most thoroughly 
successful and enjoyable one. 


‘THE MICROPHONE AS A SEISMOMETER. 

Soon after the invention of the microphone, Pro- 
fessor Rossi applied it as a detector of earth tremors 
at Vesuvius, and Professor Milne, of Tokio, Japan, 
after a careful study of the apparatus in this regard, 
has devised a form which gives notice of seismic 
tremors too delicate to affect any of the other seismo- 
meters in use. Jn fact, it is so sensitive that the 
footfalls of an insect in its neighbourhood would 
disturb the indications. Japan is an island very 
subject to earthquakes, and Professor Milne has 
prevailed upon the Government to establish a 


regular system of earthquake telegraphy, so as to get | 5, 


the latest information concerning 
throughout the country. 


Tue LippMANN CAPILLARY ELECTROMETER. 

M. Debrun, the inventor of the electric capillary 
generator recently described in ENGINEERING, has 
devised a new form of capillary electrometer, in 
which the microscope for reading the movement of 
the mercary is dispensed with, and the reading made 
by the naked eye. He effects this by fashioning 
the tube containing the mercury and sulphuric acid 
into a figure of 8 form, and inclining it so that one 
of the cross stems of the tube is horizontal. This is 
the sensitive portion of the apparatus, and contains 
the electromotive column of mercury. It is fitted 
with a horizontal scale, graduated in degrees, and 
the surface between the mercury and dilute acid in- 
dicates the degrees as in an ordinary thermometer. 


Prizes FOR CHRONOMETERS. 

The Clockmaker’s Company, which we need not 
remark is supposed to be perfectly innocent of clock- 
making, has announced its intention to award an- 
nually two prizes to the makers of the two chro- 
nometers which shall perform with the greatest 
accuracy under the conditions prescribed by the 
Astronomer Royal, at the annual trials at the Royal 
Observatory, Greenwich ; the first of ten guineas 
and the freedom of the company ; the second of five 
guineas. As the object in view is stated to be “‘ to 
encourage the highest excellence in the production 
of the marine chronometer,” it is to be hoped that 
the man whose skill has given the instrument its 
particular merit may receive the award, and not the 
shopkeeper whose name it bears upon the dial, and 
who sends it for trial, As we read it, the announce- 
ment is not sufficiently clear and distinct on the 
matter. Let them rectify the omission, and dis- 
tinctly affirm where “ the oyster ought to be.” 


New Eneéianp Factory Hanps. 

In the New England States more than two-thirds 
of the operatives in the cotton factories are women. 
Thirty years ago American labour was chiefly em- 
ployed, but this has gradually given place to Irish 
and German, and later to French-Canadian hands, 
During the last twenty years wages have increased 
33 per cent., but by the improvement and develop- 
ment of appliances the power of production has in- 


elr appearance 





creased 50 per cent. The average production per 
operative in Lowell is now about 25,000 eats of 
cotton drill, such as is ex to China. 1875, 
out of the 1,652,000 inhabitants of Massachusetts, 
most of them factory operatives, there were 720,000 
who were depositors in the various savings-banks of 
the State, to the extent of 49,000,000/. Recent 
ears of depression largely reduced this amount, 
which is now again steadily increasing, since the 
revival of trade. Spinning, weaving, and finishing 
are carried out in continuous processes in the same 
mill in the United States, and do not form separate 
industries, 
RecorDine SoLar RapDIaTION. 

An improved form of Mr. Winstanley’s ‘‘ radio- 
graph” (which we described in a former ‘‘ Note”) was 
exhibited at the Physical Society on Saturday, 
June 12, together with an interesting collection of 
‘“‘radiograms.” In the new instrument the diffe- 
rential thermometer is mounted on a brass wheel, 
carrying a finely-pointed index which delineates the 
intensity of radiation on a vertical cylinder of paper 
coated with lamp-black. One curious fact elicited 
by a study of these radiograms is the existence of 
what may be called a ‘thermal twilight” or “ twi- 
heat” during the half-hour preceding the rise of 
thesun. Moreover Mr, Winstanley finds that there 
is a singular rise of the index within a few minutes 
of midnight, just when the sun is directly opposite 
the place of observation. ‘The rise is very transient, 
and the index sinks again to the position it has 
occupied since about half an hour after sunset and 
remains there till the commencement of the thermal 
twilight raises it before sunrise. This remarkable 
phenomenon is as yet unexplained. 

MINERAL Inpustry IN ItAty. 

The latest official records of Italian mineral 
production are for 1877; the following figures re- 
epecting it may be found of interest : 








Mineral. Tons Value. 
| £ 
Iron ore... sie ae] 229,731 112,436 
Lead ons oes eee] 36,468 441,809 
Zinc ... ju ei peel 88,843 180,033 
Copper aa sad bss! 24,023 72,257 
Mineral fuel ose = 119,661 47,921 
rax re die 2,700 140,439 
Sulphur tu eos] 260,325 1,074,488 
Miscellaneous an ond ein 54,1 
2,123,538 





! 





These figures show an increase in the value of the 
year’s production of 140,095/. over 1876; the mineral 
industries of all kinds gave, in 1877, employment to 
49,456 workmen. The value of mineral exporta- 
tion for 1877 was 2,023,642/., and of the imports 
2,001,223/. ; the latter sum included mineral fuel to 
the value of 1,592,658/. for 1,329,550 tons, 


Tue Macic Mirrors oF JAPAN. 

M. Duboseq, of Paris, has recently made some 
very interesting experiments with the magic mirrors 
lately imported from Japan. These mirrors are cast 
in metal and polished on the surface. They possess 
the singular property of showing in the patch of 
light which they reflect upon the wall, when a con- 
vergent or divergent beam of light falls upon them, 
the pattern which is raised in relief upon their backs. 
This property was explained by Messrs. Perry and 
Ayrton some few months ago to be a result of slight 
inequalities of curvature on the front surface, im- 

during polishing by the unequal springiness 
of the thick and thin parts. M. Duboscq has now 
shown that when a magic mirror is warmed its re- 
markable property is enhanced, even a bad mirror 
becoming a good one under this treatment, for the 
relative inequalities of curvature between the thick 
and thin parts become more pronounced. More- 
over, if the air be exhausted from the back, or if 
pressure be applied at the back with a condensing 
pump, the accidental features of the back—raised 
portions of the ge indentations, holes eaten by 
acids, and the like—appear with great distinctness 
in the reflected a. According to M. Bertin, 
the suggestion that the magic property was due to 
slight inequalities of curvature was made some 
years ago by Govi of Naples. 

TORPEDOES. 

A short time since, in reviewing Lieutenant 
Sleeman’s book on submarine warfare, we re- 
ferred to the e effected by torpedoes during 
the United States’ Civil War. e following 
facts are taken from official data on the subject, 
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Between December 1862, and June 1865, 36 vessels, 
(5 Confederate and 31 United States) were wholly 
or partially destroyed by torpedoes as follows: 28 
were wholly destroyed, 5 were seriously injured, 2 
were disabled, and one was damaged internally. Of 
these, 28 were struck by submerged mines, 2 by 
drifting torpedoes, 4 by spar, one by a coal tor- 
pedo, and one Confederate torpedo boat was blown 
up by her own weapons. e most serious loss 
was that of the United States armour-clad Ironsides, 
3486 tons, seriously damaged off Charleston on 
October 5, 1863, by a so torpedo; the next was 
the United States flag-ship Minnesota, 3307 tons, 
internally damaged off Newport by a spar torpedo, 
April 9, 1865. Five monitors of from 500 to 900 
tons were disabled or destroyed, and 9 transports 
of small tonnage. Altogether 191 heavy guns were 
thrown out of service by this means during the war. 
Four vessels were besides destroyed by clockwork 
torpedoes ; early in 1864 a wharf boat 600 ft. long 
laden with supplies was blown up off Mound City, 
Illinois, and on August 9 of the same year three 
owder barges were destroyed with terrible loss of 
ife and property. 


CONVERSAZIONE AT UNIVERSITY COLLEGE. 

The annual conversazione held by the Faculty of 
University College, London, took place on the even- 
ing of yesterday week, and was as usual very largely 
attended. The rooms and galleries of University 
College lend themselves particularly well to the 
purposes of such a gathering, the Flaxman gallery, 
the Slade art school, the libraries—in which 
numbers of microscopes were arranged—the lecture 
rooms, in which numerous scientific novelties were 
exhibited, and last, but by no means least, the en- 
gineering laboratory, all forming centres of interest. 
In the engineering laboratory Professor Alex. B. 
W. Kennedy showed in operation the testing ma- 
chine, which we described and illustrated about a 
year ago (vide page 247 of our twenty-eighth 
volume), and to which many appliances calculated 
to increase its usefulness have since been fitted. 
In the engineering laboratory also Mr. C. E7 
Stromeyer exhibited an exceedingly ingenious and 
delicate apparatus for determining, by optical 
means, the extension of materials under strain. This 
apparatus we shall shortly illustrate, and we shall 
therefore postpone any description of it. Amongst 
the novelties exhibited in the department devoted 
to physical science we must specially mention an 
apparatus for registering solar radiation, designed 
by Mr. D. Winstanley. This apparatus, which we 
described in a ‘‘ Note” on page 403 anée, has afforded 
results of very high interest, to which we have 
alluded‘elsewhere in the present number. 


THERMO-ELECTRICITY. 

A communication recently made by M. Exner to 
the Academy of Sciences, Vienna, is calculated to 
modify all our existing theories of the action of the 
thermo-electric pile. This eminent savané finds that 
if a bismuth and antimony pair is plunged in a gas, 
such as nitrogen, which has no chemical action on 
either of the metals, there will be no current gene- 
rated, whatever be the temperature to which the 
junction is raised, A pair made of two copper bars 
when similarly treated behaves in the same way. 
Moreover, though the gas is one capable of corroding 
copper, say chlorine, no current is produced on 
heating the junction, because both plates are alike 
acted on by the gas, But if the tele be so arranged 
that only one of the copper bars can be attacked b 
the chlorine, a current of electricity is produced. 
These results tend to show that not only is a 
difference of temperature between the junctions of a 
thermo-electric pile ne for its operation, but 
also a gaseous medium capable of attacking one of 
the metals more than the other. Not only heat but 
chemical action comes into play, a state of things 
far from surprising. If this is a just conclusion it 
will throw fresh light on the perishableness of 
thermo-electric piles constructed for constant use as 
generators of electricity for telegraphic and electric 
lighting purposes, The failure of the junctions has 
hitherto been attributed to burning by the heat ap- 
plied. What if it be due to ** burning” in its purely 
chemical sense, that is the sense in which a zinc plate 
is ‘‘burned” in a voltaic battery. In this case a 
thermo-pile would be a gaseous voltaic cell assisted 
in its action by heat, 

Exurprrion or Lighting Apparatus at GLAsGow. 

In September next an exhibition of a tus for 
the utilisation of fae, oy: &e., be opened 
at the Burohank Drill Hall and Grounds, Glasgow. 


This exhibition, which will last during a month, will 
contain exhibits classified in five sections. The 
first will relate to coal gas, its manufacture, purifi- 
cation, and distribution, together with appliances 
required for its production and use; the ae 
ment of coal gas for lighting, heating, cooking, 
motive power, &c.; and the residual products of the 
gas works. The second section will include oils, 
oil gas, and candles, their manufacture and various 
uses. In the third class, electrical -? ratus for 
lighting, for producing power, &c., will be shown ; 
probably this will be the most interesting feature of 
the exhibition. The fourth section comprises 
hydraulic apparatus, especially motors, and appli- 
ances for meeeing and regulating the flow and 
pressure of water. In the fifth section will be shown 
such architectural appliances as refer to lighting, 
ventilating, and heating; lightning conductors, 
sanitary appliances, and architectural ironwork, 
The sixth c will include miscellaneous objects, 
such as gas-lighted buoys, fog horns, safety lamps, 
firedamp indicators, appliances for the ventilation 
of mines, lighthouse illumination, and so forth. 
Water averaging 56 lb. pressure and gas (26 candles 

will be supplied gratuitously to the exhibitors, an 

space will also be allotted free, although a small 
sum for each square foot of space applied for has to 
be deposited by the exhibitors, to be returned to 
them at the close of the exhibition, This project 
is under the pe em of a large and influential 
committee, and applications for space will be received 
until the 2nd of August next. 


Arr Spaces In Loapep RIFLEs, 

A series of trials have been conducted by the 
Washington Ordnance Department to ascertain the 
effect of firing rifles loaded in such a way as to leave 
an air space between the cartridge and the bullet. 
To introduce the latter its diameter had to be 
slightly reduced, and the open end of the cartridge 
was closed with a pasteboard wad; the service 
charge of 70 grains was adopted in all cases, Two 
rounds were fired with the bullet just touching the 
weurtridge shell, which left }in. of air space between 
the ball and the wad, and a distance of 30 in. from 
the muzzle, and two rounds each at 25 in., 20 in., 
and 15 in. respectively. ‘The pressures were care- 
fully measured in each case. These recorded the 
following averages: at 30 in. from muzzle, that is, 
touching the cartridge shell, 17,000 1b.; at 25 in., 
7750 lb.; at 20in., 5375 1b., and at 15in., 4050 Ib. 
The pressure recorded by rounds fired with an 
ordinary cartridge, and its bullet secured to it, 
was 27,0001lb. ‘Tests for velocities were next taken, 
and showed for the ordinary cartridge 1376 ft. ; 
with the bullet touching the shell, 1323.9 ft., and 
with the bullet 25 in. from the muzzle, 1053.9 ft. 
Firing for accuracy was then tried, the results 
showing some little inferiority with the bullet touch- 
ing the cartridge shell and the }in, air space, as 
compared with that obtained with the ordinary 
ammunition, These experiments will probably be 
followed by further trials, having for their object 
the determination of the best form of cartridge, 
length of air space, dimension of chambers, &c., 
which shall give the advantage apparently to be 
derived from leaving a — between the powder 
charge and the bullet, that is, a greatly reduced 
strain on the barrel with but little sacrifice of accu- 
racy or velocity. 

Tue RESISTANCE OF DyNAMO-ELECTRIC MACHINES. 

M. Cabanellas has — an inquiry into the 
internal resistance of dynamo-electric machines 
while in movement. The coils of the field-magnets, 
whether included in the working circuit or forming 
only a branch of it, are to be regarded as a portion 
of the exterior circuit ; hence the ‘problem consists 
in the measurement of the resistance through the 
revolving armature from one brush of the commu- 
tator to the other. M. Cabanellas measures this 
resistance directly by introducing it in one arm of 
a Wheatstone’s bridge, employing by the way, as a 
bridge, the instrument known as Siemens’ universal 
galvanometer. To compare, however, the resistances 
of the arms of a Wheatstone’s bridge there must be 
no impressed electromotive forces in any one of the 
separate resistances. To avoid this the armatures 
must be removed from between the field-magnets, 
and with their commutators and brushes fixed upon 
a block of wood and there rotated, In order to 
obviate still further the perturbing induced electro- 
motive forces due to the armature rotating in 
the terrestrial magnetic field, M. Cabanellas took 
two annular Gramme armatures, and fixing them 





upon a common axis connected them up so that 





their electromotive forces neutralised one another; 
the measured resistance then represented double 
the resistance of either armature alone. It was 
found that the resistance when rotating at 450 re- 
volutions per minute was about 25 per cent. greater 
than when stationary. The result was the same 
both when large and smail electromotive forces 
were employed. For very e electromotive 
forces, as furnished by a separate Gramme machine, 
the bridge method ceased to be applicable, and the 
resistance of the combined armatures was determined 
as the quotient of the difference of potential (in — 
between the two extreme brushes by the strength o 

the current in webers per second. 


UTILisaTION OF SoLaR Heat. 

M. Mouchot, who has long studied the problem 
of utilising solar heat in the production of power, 
ae aoe astonished the niegees Lin the or 

ibition, two years ago, by cooking steaks an 
boiling coffee in the invisible radiance of the sun, 
has been performing some useful chemical effects by 
the same agency. With collecting mirrors 31 in. 
in diameter he is able to produce reactions requiring 
a temperature of from 400 deg. Cent, to 500 deg. 
Cent.; for example, the fusion and calcination of 
alum, the preparation of benzoic acid, the purifica- 
tion of linseed oil, the concentration of syrup, the 
sublimation of sulphur, the distillation of sulphuric 
acid, and the carbonisation of wood. He has also 
constructed small solar alembics capable of distilling 
essences, and lending themselves readily to employ- 
ment with the sand or water bath. Papin’s pot and 
the solar boiler and digester of Payen have given 
excellent results. M. Mouchot’s large solar receiver 
is a copy of the one at Tours. The mirror is 
12 ft, 6 in. in diameter, and resists the strongest gale. 
The boiler is about 0.2 in, thick, and is so arranged 
that the liquid to be vaporised is kept in contact 
with the whole heated surface, a fact which gives it 
a great superiority over former boilers of the kind. 
Tried on the 18th of November at Villa Bauer, near 
Algiers, it raised over 60 pints of water to the boil- 
ing point in 80 minutes, and in one and a half 
hours later produced a steam pressure of eight 
atmospheres. The same apparatus distilled on 
December 24th of last year five gallons of wine 
in 85 minutes with the production of seven pints of 
alcohol. A still more important result is, however, 
the driving of a horizontal engine at the rate of 
120 turns per minute, under a pressure of 34 atmo- 
spheres, during one day in last; and, at a sub- 
sequent trial, the apparatus actuated a pump raisin 
at the rate of 264 gallons of water per hour one 
high. The pump was kept going from eight o’clock 
in the morning to four in the evening, and neither 
strong winds nor passing clouds sensibly disturbed 
its action, 


HoroLoey AT THE SYDNEY EXHIBITION. 
Watchmakers feel considerable surprise and indig- 
nation at the course pursued by the jurors for the 
Horological Section of the Sydney Exhibition in re- 
rting as they have done on the watches ex- 
ibited. It would seem that their scheme of marks 
was adapted to bring out a foregone conclusion, for 
to those who have any real knowledge of watches 
the results must be regarded as preposterous and 
ridiculous, ‘The test of a was not a fair 
one. The jurors insisted upon taking the watches 
to pieces for examination. Then 48 hours only 
were allowed for putting them together again for 
the rating trial. 


f ow it is mse 7 to be e 
that the watches would be adjusted to the perfection 


of time-keeping for the mere om ge of an exhibi- 
tion, and, moreover, it is unlikely that they could 
be taken to pieces and put together again without 
altering their. adjustments, and 48 hours did not give 
sufficient time to readjust them a, fp Besides, 
only the agents of the respective makers were on the 
spot to do this work in many cases. The conse- 
quence was that most of the watches were not in 
proper condition for such a trial. The Waltham 
watches apparently were not subject to this draw- 
back, inasmuch asthe company, having a large stock 
on exhibit, were apparently able to send for the 
trial watches which had not been so treated, Thus, 
it appears that the trial was so manipulated as to 
give precedence to the Waltham watches. How- 
ever, the published rates do not maintain for them 
the position assigned, while the number of marks 
sufficiently exposes the hollowness of the system of 
tests. Crediting the Waltham watches with 981 
marks, only 76 marks were given to the tenth maker 
on the list.. Such a com nm can have no mean- 
ing whatever, It need only be added that the well 
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known excellent productions of Audemars, Kullberg, 
and others, fill up a gap into which they ought never 
to have fallen. e report is so grossly partial and 
so palpably absurd that it ought to be officially 
quashed. 


CONFERENCE ON AGRICULTURAL METEOROLOGY. 
A conference on agricultural and forest meteo- 
rology is proposed to be held at Vienna on September 
the he Meteorologists interested in the develop- 
ment of this important branch of meteorology are 
invited to attend from all nationalities. It is to be 
hoped that one or two amateur meteorologists will 
attend from this country, as it does not appear that 
either the Government or the Meteorological or 
Agricultural Societies intend to nominate represen- 
tatives, who then would necessarily have their ex- 
penses paid. The purpose of the conference is to re- 
view the methods and investigations hitherto 
pursued in this special branch of meteorology, and 
to cousider the part which existing meteorological 
establishments can take in its future development 
by observation and research, and the best manner of 
utilising existing agencies for the diffusion of 
weather intelligence and forecaste to the agricultural 
The programme which has been issued 
states that the proceedings will be concentrated 
upon the following points: 1. What are the mutual 
relations of the meteorological elements on vegeta- 
tion, not only those which are proved to exist, but 
those which are theoretically supposed to be pro- 
bable? 2. What observations of meteorological 
elements are to be particularly attended to, with 
especial reference to their influence on vegetation ? 
3. How far and in what way can meteorological 
observatories and stations, without interfering 
with their other work, include these observations 
in their sphere of operations? 4. Would it not be 
useful, with a view of establishing special systems of 
observations for this object, to prepare general in- 
structions? 5. Can, at the present moment, meteo- 
rological central offices issue weather forecasts for 
the use of agriculture with reasonable prospects of 
utility; and if this question be answered in the 
affirmative, how can the service be organised as fully 
as possible? It can hardly be said that this is a very 
lucid programme; nevertheless, there can be no 
manner of doubt that good will result from a con- 
ference if it merely succeeds in directing the at- 
tention of meteorologists into this much neglected 
channel of their science, It is certainly incum- 
bent upon them to do more for the interests of 
agriculture than has hitherto been attempted. In 
the matter of earth temperatures, solar and terres- 
trial radiation and evaporation, scarcely anything of 
ractical usefulness has been done, though much has 
oon achieved in acquiring a knowledge of rainfall. 
The sunshine recorder, which has lately come into 
regular use at many of the stations of our Meteoro- 
logical Office, is likely in time to afford some useful 

information bearing on the cultivation of the land. 


‘lng Croton WATER Suprty. 

A paper was recently read by Mr. S. McElroy 
before the American Civil Engineers’ Club of the 
North-West on the Croton Water Supply of New 
York. ‘This great project dates in its earliest stage 
from 1833; the first contracts were let in 1837, and 
water was carried through the aqueduct to the re- 
ceiving reservoir in 1842 ; Mr. John B, Jervis was the 
engineer, The principal feature of the work is the 
Croton Aqueduct built of masonry and 37.067 miles 
long. ‘The cross-section of the aqueduct is a semi- 
circular arch 7.42 ft, in diameter joining a trapezoid 
4 ft. high, 7.42 ft. wide at the top, and 6.75 ft. at the 
base, and a curved invert with a versed sine of .75 ft. 
The Croton jake forming the source of supply is 
closed with a dam 40 ft. high, and at 6 ft. of depth 
has a capacity of 500,000,000 gallons. The head of 
water at the Manhattan receiving reservoir is 
51.17 ft, This reservoir measures 1826 ft. by 836 ft., 
and with 20 ft. depth of water contains 150,000,000 
gallons. ‘The water flows thence te the Murray Hill 
distributing reservoir, 480 ft, square and 38 ft, deep, 
containing 21,000,000 gallons. The original work 
thus carried out included also 167 miles of pipes from 
6 in, to 20in, in diameter, and the cost up to April, 
1843, was 11,452,000 dols. ‘The supply was intended 
for a population of 1,750,000, using 20 gallons per 
head per day, or. a total daily supply of 35,000,000 
gallons. In 1849 the High Bridge was finished at a 
cost of 963,428 dols., and in 186] this work was 
enlarged by the addition of a wrought-iron 90}-in. 
diameter main above the double line of 36-in. pipes 
joining the aqueduct at cach end of the bridge. 
Ihe following year the New York Central Park 





receiving reservoir was completed at a cost of 
1,000,000 dols. It covers an area of 96 acres, and 
with 38 ft. depth holds 1,000,000,000 gallons. In 
1873 a storm flow impounding reservoir was con- 
structed on the west branch of the Croton, 28} miles 
above the Croton dam, covering 279 acres, and con- 
taining 2,700,000,000 gallons. The dam of this 
reservoir is of concrete with two masonry facin 
walls ; its length is 700 ft. On the middle branch of 
the Croton is another storage reservoir of 400 acres 
surface, and holding 3,800,000,000 gallons, and a 
third to hold 4,500,000,000 gallons is recommended 
for construction on the east branch of the Croton. 
In 1865 a high service tower and reservoir were 
built at Carmansville to serve the higher parts of 


the island; the reservoir holds 10,794,000 gallons, 4 


and the tower, which is 324 ft. above tide water, has 
an iron tank holding 47,000 gallons. The highest 
“ of the city to be supplied is 267 ft. above tide 
evel. The total length of mains laid is 463.63 miles, 
varying from 4in. to 48in. in diameter. In 1879 
the average supply per day was 93.4 millions of 
gallons per day, the total cost up to January 1, 1879, 
was 35,820,000 dols., and the income was 32,000,000 
dols. to the same date; the daily consumption per 
head is nearly 100 gallons per day, indicating a very 
large amount of waste. 


TRACTION ON TRAMWAYS. 


The Paris Compagnie des Umnibus have been 
carrying out on one of their lines an interesting 
series of dynamometric experiments to determine 
the relative resistance of tramway vehicles and 
omnibuses running on the ordinary road. The line 
on which the experiments were made is that between 
the Eastern Kailway Station and Montrouge, and 
the results have been lately communicated by M. 
Rousselle to the Société d’Encouragement pour 
l'Industrie Nationale. From M. Rousselle’s paper 
we learn that the total length of the line between 
the terminus of the Eastern Railway and Montrouge 
is 3.95 miles, of which about 1.84 miles are fairly 
level. Leaving the Eastern Railway Station, there 
is first a sharp descent of ] in 48 for about 480 yards, 
then a tolerably level length of about 1} miles, and 
then a steady rise to Montrouge, commencing with 
a steep gradient of 1 in 35.7 for a distance of about 
530 yards. From the top of this last-mentioned 
gradient the rise becomes gradually less severe for 
the last 530 yards or so before arriving at Montrouge, 
having a gradient of 1 in 666 only. The runs were 
made over the line in both directions, an extra horse 
being attached during the ascent of the steep gradient 
of 1 in 35.7 above mentioned, and the journey was 
made from the Eastern Railway Station to Montrouge 
in 51 minutes, while that in the reverse direction was 
made in 44 minutes. The speeds were the same for 
both omnibusand tramcar. ‘Il heomnibus used weighed 
loaded 3 tons 12 cwt., and the tramcar 6 tons, while 
the dynamometer employed enabled a record to be 
obtained of the work done on each portion of the 
course. The general results were as follows: In 
the trial with the ordinary omnibus the work done 
by each horse on the journey from Montrouge to 
the Eastern Railway Station varied from 54,196 to 
29,010 nag ony per minute, the mean for the 
whole trip being 36,892 foot-pounds per minute. 
On the reverse journey the work done per horse 
varied from 60,097 to 21,934 foot-pounds per minute, 
the mean effort for the run being 34,901 foot-pounds 


r minute. The mean of means for the two 
journeys is thus 35,896 foot-pounds per minute 
exerted by each horse. In the case of the tramcar, 


on the other band, the work done by each horse on 
the journey from Montrouge to the Kastern Railway 
Station varied from 36,403 to as little as 4392 foot- 
arene per minute, the mean for the whole run 

ing 23,834 foot-pounds per minute, On the re- 
verse trip, on the other hand, the work done per 
horse varied 52,798 to 18,123 foot-pounds per 
minute, the mean for the journey being 32,348 fcot- 
pounds. The mean of means for the tramcar is thus 
a power exerted of 28,091] foot-pounds per minute 
for each horse, This is considerably lower than in 
the case of the omnibus, but, on the other hand, as 
M. Rousselle points out, the exertion in starting is 
far greater in the case of the tramcar than in that of 
the omnibus, and this involves increased fatigue for 
the horses, The pull exerted at starting was found 
to vary from 440lb. to 772lb. in the case of the 
omnibus, and from 617 lb. to 1100 lb. in the case of 
the tramcar, As for the resistance to traction per 
ton, it was found taking the means of the journeys 
in the two directions (so as to eliminate the effects 
of gradients as far as possible) to average 42 1b. per 





ton for the omnibus, and 20.1 1b. per ton for the 
tramcar ; the mean pull exerted by the horses thus 
being 42 x 3.6=151.21b. in the case of the omnibus, 
and 20.1 x6=120.6 lb. in that of the tramcar. 


LusricaTiInG Os. 
Immense sums of money are annually wasted by 
the employment of bad or unsuitable oils for lubri- 


&| cating purposes. No doubt in many of our larger 


mills and factories the properties of the oils employed 
are more systematically ascertained than they used 
to be, but there are still a very large number of 
establishments—many too of large size—where the 
selection of the lubricants employed is made in a 
very haphazard manner, and where the question of 
uality is considered quite a secondary matter as 
compared with that of price. When it is considered 
that the employment of an unsuitable lubricant 
means not only the waste of lubricating material, 
but also waste of power, and in many cases damage 
to wearing parts also, it must be admitted that the 
subject is one deserving special attention. We have 
been led to these remarks by there having lately 
come under our notice three little pamphlets* issued 
by Messrs. J. Veitch-Wilson and Co., of Glasgow. 
Of the lubricants supplied by this firm we have no 
intention to speak here, but we must give a word of 
praise to the contents of the pamphlets we have just 
mentioned, and which are well worth reading by 
users of lubricants. Messrs, J. Veitch-Wilson and 
Co. consider that to determine the value of any 
ee oil for a given purpose, there must be 
cousidered: lst, its body or viscosity; 2nd, its 
oxidising or gumming tendency ; 3rd, its chemical 
action on metals; 4th, its boiling point; 5th, its 
flash or firing point; and 6th, its freezing point. 
As regards the so-called ‘‘ body” of an oil, they 
point out that this is a property having no relation 
to its specific gravity, and one which, considered 
aldne does not give any idea of the value of the 
oil as a lubricant. In fact, they lay down that 
the most suitable oil in any given case is ‘the 
‘‘ thinnest oil which can be used consistently with 
‘* the weight of the machinery and the temperature 
‘in which it is to be employed.” As regards the 
oxidising or gumming property of oils, it is pointed 
out that all vegetable oils possess this drying pro- 
perty, as do also fish oils, but in a very varying 
degree. Animal oils do not dry, and hydro-carbon 
oils are not only absolutely free from this property, 
but their admixture with drying oils neutralises the 
oxidising tendency of the latter. Lubricating oils 
should be neutral, and this qualification is conformed 
to by but few animal or vegetable oils, particularly 
in the high temperature of a steam cylinder. As 
regards the boiling-point, Messrs. Veitch- Wilson 
and Co, consider that for use in steam cylinders 
lubricants should not boil under 500 deg., while for 
such lubricants the flash point should not be under 
400 deg., or not under 350 deg. for ordinary lubri- 
cating oils. In reference to this latter point they 
very justly draw attention to the danger of — 
ing oils with a low “flash” point, many such oils 
being now in the market. As regards freezing, it is 
considered by the authors of the pamphlets before 
us that a lubricating oil should not freeze (although 
it may thicken) at 32 deg. Altogether Messrs. 
Veitch-Wilson and Co. appear in their pamphlets 
to have endeavoured to place plainly before the users 
of lubricants such facts as will enable them to distin- 
guish for themselves between oils which are only 
apparently cheap, and those which are really econo- 
mical from being well fitted for their intended purpose. 


Tue Vicrorta Dock EXTENSION. 

This great work, which has been under construc- 
tion for several years past, was yesterday officially 
opened with great ceremony by the Duke and 
Duchess of Connaught, and about 4000 guests. We 
have already described and illustrated this work (see 
page 384 ante, and page 246 of our twenty-fifth 
volume), so that we need only on this occasion place 
on record the fact of the inaugural ceremony. ‘The 
new main dock is 6500 ft. long and 490 ft. wide, 
with an entrance from the Thames (between jetties) 
at Galleon’s Reach. There is besides an entrance 
dock of 10 acres in area, and two graving docks on 
the south side, near the inner end of the main dock, 
The minimum depth of water is 27ft. There are 
altogether seven or eight miles of quays, and almost 
unlimited space for warehouses, while every facility 
for communication is afforded by means of a system 
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Oils ;”’ “‘ Remarks required in Lubricating 
Oils for various Classes ;” and “‘ Notes on 
Lubricants for Stenam Cylinders, Valves, &c.”’ 
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of the Great Eastern Railway from the surface to a 
level beneath that of the bottom of the docks, by 
the construction of a tunnel passing under the pas- 
sage between the old and new docks. The con- 
tractors for this great undertaking were Messrs, 
Lucas and Aird, Mr. A. M. Rendel being the en- 
gineer, and Mr. A. C, Andros and Mr. W. Colson 
the engineers for the contractors. The whole of 
the hydraulic machinery for working gates, bridges, 
cranes, &c., was supplied by Sir W. Armstrong and 
Co. The cost of the works has been over one million 
sterling. 


THE LATE MR. W. S. DIXON, OF GOVAN 
IRON WORKS. 

Tue death has just been announced of Mr. William 
Smith Dixon, of Govan and Calder Iron Works, a gentle- 
man bearing a highly honourable name, and one inti- 
mately connected with the mining and ironmaking 
industries in the Glasgow district for well-nigh a century. 
William Dixon, the founder of the family, and grand- 
father of the deceased, was a native of Northumberland 
who settled in Lanark about the year 1770. In the year 
1800 the well-known Calder Iron Works, near Coat- 
bridge, were started by a firm of which he was chief 
partner, one of the others being David Mushet, the lead- 
ing spirit in the undertaking, and the gentleman to whom 
the discovery and utilisation of the blackband ironstone 
were due; eventually Mr. Dixon became the sole pro- 
prietor of the works at Calder. 

The property acquired by this gentleman, who died in 
1824, was left to his eldest and youngest sons, named re- 
spectively John and William ; but as the former had no 
inclination for the business of the iron manufacture he sold 
his interests to his brother, who in many respects was a 
man of great force of character, and altogether a man of 
very great mark in ths history of the Scotch iron trade. 
For a term of years the Calder Works were jointly owned 
by him and three other partners, at least one of whom, 
namely, Mr. Alexander Ghristic, also became a man of 
mark in the same field of operations ; indeed, he was the 
practical manager of the Calder Works from the year 
1805, when David Mushet ceased to have charge of them, 
down to 1841, and was engaged in the iron trade for the 
long period of forty-five years, with but a few months’ 
intermission. The co-partnership just referred to con- 
tinued till 1835, when it was dissolved, and the works 
reverted again wholly to Mr. Dixon, whose son, Mr. W. S. 
Dixon, the gentleman recently deceased, entered into 
partnership with him in 1862. 

In the year 1843 the younger William Dixon built on 
his own account the Govan Iron Works, including blast 
furnaces and rolling mills. A considerable amount of 
interest attaches to Govan Iron Works from the fact 
that, with that hearty co-operation of the Messrs. Dixon, 
Mr, (now Sir) Henry Bessemer made some of his experi- 
ments there before his prvcess became commercially 
successful. The sole license for Scotland was granted to 
Mr. Dixon and his son, by Mr. Bessemer; but in con- 
sequence of the use of a fixed converting vessel, and 
the presence of such large quantities of sulphur and 
phosphorus in the pig iron experimented upon, the 
results were never satisfactory ; and, much to the regret of 
both the Messrs. Dixon, the process had to be abandoned, 
so far as they were concerned. It is also interesting to note 
that at the same works the first Siemens heat-regenerative 
furnace brought into use in Scotland was laid down at 
Govan Iron Works. 

With the assistance of relatives and other immediate 
friends, Mr. W. S. Dixon continued to conduct the 
various industrial undertakings left by his father for 
about ten years; a small limited liability company was 
formed to carry on the business. 
company, in which Mr. Dixon took the leading part, have 
become very extensive and of great industrial and com- 
mercial importance. 

During recent years the deceased had such feeble 
health that he could only give a limited amount of 
a&tention to the business of the large concern with which 
he was associated. He owned extensive estates in 
Lanarkshire and the adjoining counties, and of late 
years he resided chiefly in London. Having left no issue, 
his decease brings to a close the career of the “‘ Dixons 
of Govan,” so closely identified with the industrial history 
of Scotland. 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—The warrant market was 
firm throughout last Thursday, and prices met with a steady 
improvement, closing 8d. over the previous day’s close, 
although 4}d. under the highest price paid on Wednesday. 
In the morning business was done at from 47s. 64d. to 
47s. 8d. cash, and 47s. 74d. to 47s. 10}d. one month, the 
close being sellers at 47s- 9d. and buyers at 47s. 7}d. cash. 
The quotations during the afternoon ranged from 47s. 9d. 
to 47s. 10)d. cash, and the market closed with sellers at 
47s. 11d. and buyers at 47s. 10}d. cash. Friday’s market 
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day Messrs. William Baird and Co. announced an advance 
of Is. ton on the price of their brands. Business was 
done during the morning at from 48s. to 48s. 6d. cash and 
one month, and the close was sellers at 48s. 7id. cash, and 
buyers offering 1}d. per ton less. In the afternoon 48s. 74d. 
up to 49s, and back to 48s. 6d. were the quotations, and 
ad ey a, - wef “2 with sellers at 48s. 9d. and 

ers al . - cash. ere was a very irregular 
market at the gon Monday at 49s. 7a. one month 
fixed, then 49s. same terms paid, improving to 49s. 3d. and 
up to 49s. 9d. cash, returning to 49s. 7}d. cash, but closing 
in the forenoon at 49s. 11d. cash paid, and sellers at 50s. 
The afternoon market opened with 49s. _— cash paid, 
receding, and again improving to 49s. 6d. cash, then declin- 
ing to 49s. 3d. cash, and at the close 49s. 5d. cash paid and 
still obtainable, sellers remaining over at 49s. 6d. various 
prompts. The market opened quiet on Tuesday forenoon 
with sales done at 49s. 1}d. and 49s. cash to one month 
fixed; then 48s. 10}d. cash was accepted and again 
49s. was paid, the price gradually waging to 48s. 6d. 
cash accepted, improving to 48s. 8d., and the market 
closing at 48s. 7d. cash. Business opened in the after- 
noon very depressed, with sellers at 483s. 6d. to 483. 3d. 
cash, then sales were made at 483. 1}d. one month fixed and 
at 483. various dates to one month fixed, and the market 
closed nominally at 48s. cash, perhaps sellers prompt. 
market opened to-day at 47s. 9d. cash, and the price re- 
ceded to 47s. 3d. cash, thereafter it improved, and again 
touched 47s. 9d. cash and 47s. 103d. one month fixed, 
closing nominally at 47s. 9d. cash. Out of respect for the 
memory of the late Mr. William Smith Dixon, of Govan 
Iron Works, whose funeral takes place to-day, it was re- 
solved to hold no afternoon market. During several days 
lately there has been a considerable degree of excitement 
in the pig iron market. The large withdrawal of warrants 
from the market, in consequence of heavy purchases being 
made for investment, caused quite a scarcity of warrants. 
Sellers were found to be largely over sold, and the demand 
exceeding the marketable warrants, a considerable advance 
in price took place. As the iron, however, is not leaving 
the stores, this rise is believed to be of only a temporary 
character. There is no appearance of a general improve- 
ment in the demand for iron, although it has been some- 
what increased by the recent advances in‘ prices, while a 
good business has been done in shipping iron. Several 
makers have lately advanced their quotations twice, 1s. 
each per ton. A few Canadian orders have been received 
during the last week or ten days, but the United States 
trade is as depressed as ever, and the Continent shows no 
signs of ane The heavy make of the blast fur- 
naces is still continuing, there being now 116 in full opera- 
tion as compared with 88 a yearago. Last week’s ship- 
ments of pig iron amounted to 9507 tons as inst 7278 
tons in the corresponding week of last year. e stock of 
pig iron in Messrs. Connal and Co.’s warrant stores stood 
at the end of last week at 446,970 tons, the increase for 
the week being 1298 tons. 

Tay Bridge Commissioners’ Report. — The commis- 
sioners appointed to inquire into the Tay Bridge disaster 
bave not _ finally adjusted their report, and it is thought 
that it will not be given in before the end of the week, if 
even then. They have had several meetings during the 
last few days with the view of coming to a definite con- 
clusion on certain points on which they were not entirely 
agreed. It is not certain, however, that the report will 
unanimons, and indeed the probability is that at least one 
of the commissioners will make a special addendum to the 
report. The delay in the production of the report has 
seriously imperilled the Bill for the reconstraction of the 
bridge, and it is now considered doubtful if that Bill can 
pass this session. It is expected that the commissioners 


will make some recommendations as to the construction of | peca 


iron bridges. The Board of Trade will uire time to 
consider their recommendation, and it is unli that they 
will allow any Bill authorising the construction of a new 
bridge to pass until they have made up their minds. The 
prospects of the Tay Bridge are therefore exceedingly 
gloomy. ‘The work of removing the remainder of the 
wreck of the broken piers is progeeesing Sageey- One, and 
sometimes two, barge-loads a day are towed down to a 
rt, where a staff of workmen are busily engaged in - 
ing the recoyered débris, while the Henry is accumulating 
a huge pile of wreckage near Wormit. Late on oe | 
night the Henry was towed over to Tayport Harbour wit 
no less than three railway carriages ing under the 
horns at her bows. The carriages were the first class and 
the two third classes, which were raised some time ago 
inside No. 5 girder, and beached at the West Ferry. 


Patent Law Reform.—The special meeting of the Philo- 
sorkieal Selsey “of G w, as indi I le beet week's 
** Notes,’’ was held last 
considerable number of inventors and patentees. Sir 
William Thomson, past-president of the Society, occupied 
the chair, and delivered a most in’ ting address in open- 
ing the ay 2 sew A petition in support of Mr. Anderson’s 
Bill now before the House of Commons was adopted by the 
meeting. An influential meeting in ith the 
same subject was held in Edinburgh last evening—Mr. D. 
Bruce Peebles, gas engineer, in the chair. The Bill re- 
ferred to was generally approved of, as it was believed to 
contain all the most urgently needed reforms, and that if 
passed into law it would ceasth — legislation on the 
subject for many years to come. It was agreed to petition 
in favour of it. 


NOTES FROM THE SOUTH-WEST. 
The Rhymney Valley.—The steam coal 
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at the Hope Colliery have been repaired i and the sidings 

put in, and in a ee time they will be in full worki 

a Ral Deri and : districts both meee 
coke les are brisk. Pengam things are q 

the men at some of the house coal collieries having but very 

little for some two or three weeks. 


Briton Ferry and Swansea.—A company has been 
under the name of the ‘ The Briton Ferry and 
Swansea Steam Tramway Company, Limited.” The com- 
pany is formed ce of r— af coe 
ing & passenger and goods tramway between erry 
and Swansea. The line will be about five miles long, com- 
mencing at Swansea, and running across the Crymlyn 
Burrows to Briton re will thus connect these two 
centres of population and industry. The nominal 
capital of the new company has been fixed at 50,0001., so as 
to construct the line, and to provide for fature extensions. 
Lord Jersey has granted a lease of the land required for 
63 years on favourable terms, which includes the cession of 
the tolls at Briton Ferry. Contracts have been signed by 
Messrs. Collier and Co. for the construction and equipment 
of the line, with all recent improvements, for a sum of 
— of which amount they will accept 15,0001. in 
shares. 


Newport.—Last week’s imports of iron ore 
—_ tons, as com with 8852 tons in the 
we 


c quautities are stocked on the 
— to vent demurrage. Recently the Great 
estern wha: 
for discharging ore. 


, on the east side of the Usk, has been used 
pyrites 822 tons came to hand last 
week from Huelva. The exports from Newport last week 
comprised 210 tons of tin-plates, 500 tons of coke, 3403 tons 
of iron (as —- 1555 tons in the previous week), and 
22,088 tons of coal. A great improvement is being made in 
connexion with the Newport by enlarged railway ac- 
commodation. This has been effected by the closing of the 
canal in the immediate vicinity of the dock. There is a 
growing conviction, however, that the time has come for 
the Great Western Railway Company to buy the Old Dock, 
and make it more equal to the present necessities of trade. 
The Alexandra Dock Company has a great future before it, 
but still the = is for more room, that more ships may be 
discharged and loaded without heavy demurrage. 


Crewkerne.—A special meeting of the hial sanitary 
committee of this town was held last week, to consider the 
reports of the county analyst (the late Mr. W. W. S' > 
and the officer of health of the Chard Union, ee samples 
of water from the public wells of Crewkerne. he analyst 
report stuted that not one of the ten samples sent to him for 
aoe ge was fit for potable purposes. spite of this, the 
people of Crewkerne are very much against a water com- 
pany being formed to improve the quality of the water, and 
an order was issued from the meeting that all the wells in 
the place should be cleaned out as a preliminary step. 


Double Shift at Cyfarthfa.—After a long course of ex- 
periment which at one time was considered satisfactory, 
but never altogether approved of by the men, double shift 
has been discontinued at Cyfarthfa, principally on account 
of the strong representations made by the co . 


Cwm New Pit.—A contract for sinking the No. 2 pit to 
the No. 2 Rhondda seam of steam coal for the Cardiff and 
Swansea Steam Coal Company, at Resolven, has been given 
,» who success- 
fully sank the Mardy Pits. Operations were commence1 
on Monday. 


Cardiff.—At the commencement of the past week the 


docks at this port had an animated appearance, a large 
fleet of vessels, princi} steamers, having arrived, both 
loaded and in it. In the latter part of the week tonnage 


me scarce, and consequently the returns show a 
deficiency of nearly 13,600 tons on the clearness in the 
previous week. Orders for both steam and house coal 
were plentiful during the week, and several contracts were 
booked for immediate deli , at market prices. The 
total coal shipments of the week were 125,852 tons. The 
quantity of iron which left the port was less by 1900 tons 
than in the previous week, the followi aving been 
cleared: 1920 tons of rails and 800 tons of spiegel iron for 
New York by the Dowlais Iron Company. ‘The patent 
fuel trade still remains dull. 


Ebbw Vale Steel, Iron, and Coal Company (Limited).— 
The directors of this pages SO issued their report for 
the year ending March 31, 1880. The directors state that 
during the greater part of the financial year the selling 
prices of , iron, and steel were very low, and the 
advance in the prices of iron and steel, which commenced in 
the autumn of 1879, has latterly been almost entirely lost. 
Notwithstanding these facts, the directors state that they 
ve pleasure in being enabled to report that the operations 
of the company during the year resulted in a profit, after 
providing interest on debentures, &c., of 33,8141. ‘The 

profits amounted to 75,137/., from which had to be 
ucted 77621. for expenses of head office, &c., and 33,5001. 
for interest on debentures anc. fully paid-up shares, making 
in all 41,3231., and leaving a balance of profit of 33,814/. 
It has not been necessary to take anything from the re- 
serve fund set aside by the shareholders’ committee in 1876 
to cover loss in work or depreciation in the value of stocks ; 
but as the directors deem it desirable to close these accounts, 
they have resolved to appropriate the balances thereon (1) 
to reducing the value of the debentures and railway shares 
by the company to such as poy age they could be 
sold for, and (2) to writing off 22,0281. as de tion in 
the value of the p . The first and-second mortgages, 
amounting to 70,00l., have been cleared off, the 
debenture bonds now constitute the first charge on 


the pro- 
ve Se comesay. The directors do not ink it 
irable to pay a vikend out of the available profits, 
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TESTS OF A BALDWIN LOCOMOTIVE.* 
By Joun W. Hitt, M.E., Member American Society 


of Civil Engineers. 
(Concluded page 486.) 
AssuMING a combustion during the run from Twin Creek 
to Dayton (see subjoined Table) equivalent to that from 
Heating Surface Per Horse Power and Ratio of 











i Effect of Blast 
| | | 
° i] a 
1S i6 ee 
| ai BEE ees. 
Sx lef le. 2 me 
Rn =A SZ a 
Ran 2 |='52_:\73 28 
. | BS |sSaussee 
Bre uie 
5\4 be 
g 
| £2 |geaaidans 
| sq. ft. | 
Cincinnati to Hamilton | 3.243 | 3.36 3.32 
Hamilton to Twin Creek ...) 2.57 4.434 | 4.332 
Twin Creek to Dayton “| 2.614 | 4.041 4.08 





Cincinnati to Hamilton, the evaporation per pound of coal 
from and at 212 deg. Fahr. during former run is 
18x 117-39 476 Ib. 
101.02 
And the evaporation for equivalent combustion for the 
several runs becomes : . 
)- 


Cincinnati to Hamilton 8.36 
Hamilton to Twin Creek ° mi 7.60 
Twin Creek to Dayton _... - ere 8.476 

Upon examination of the following Table of boiler per- 
formance, it will be observed that the rate of consumption 
of coal per hour during the second run was 172 1b. per 
squere foot of grate. Of the fifty-two “\_ sw 2 
r. D. K. 


the performances of which are reported b: 

Clark, the highest rate of combustion is 157 lb. of coke per 
square;foot of grate. Of the 172 1b. of coal charged per foot 
of grate, not less than 20 per cent. must have been blown 


unconsumed out of the stack. For the conditions of load, 
speed, pressure of evaporation, steam per indicated horse 
power, grades, quality of coal and effect of blast were quite 
the same for the second and third runs, and the theoretical 
evaporation during the third run was superior to the first 
run. There were no material differences between the data 
for the second and third runs, and the evaporation should 
have been approximately the same. But the evaporation 
during the second run was nearly 27 per cent. below that 
of the third run, and this excessive discrepancy can only be 
accounted for by assuming that a large proportion of the 
coal on the te left the furnace unconsumed. 
The f with which a locomotive boiler operating under 
a strc ean distribute unburnt coal along the track 
is well , but it is doubtful if the percentage of coal 
thus disposed of is equally well known. Under the ordi- 
nary conditions of locomotive performance, with careful 
firing and blast, the loss of coal by this avenue is, 
in the writer's opinion, rarely less than 5 per cent. 
Taking the ran from Cincinnati to Dayton as a whole, 
ave: evaporation per square foot of heating surface 
was 11.740 lb. per hour. According to Mr. Harvez ‘‘ the 
evaporation per unit of recipient surface decreases in 
geometrical progression, whilst the distances from the 
commencement of the series of such surfaces increase in 
arithmetical progression,’’ but this law of evaporation only 
holds good ‘* at points were the radiation of heat from the 
fuel ceases and communication of heat by conduction 
ins,’’ in other words, the law only applies to evapora- 


tion by the tube surfaces alone, and has no bearing upon 
the evaporation by firebox surface. From the experiments 
of M. Pétiet on one of the locomotives of the Northern 


Railway of France, where the firebox surface was 60.28 
square feet and the tube surface 732.15 square feet, the 
firebox surface furnished nearly 60 per cent. of the total 
evaporation. The — ap saergeen, Se — - > pool | 
experiments were e, precla possi of good 
circulation, such as obtains in a locomotive boites under 
ordinary working conditions, and the results cannot be used 
as a basis of estimate for the evaporation by-firebox and the 
tube surface, when the circulation is good. It is assumed, 
however, that of the total evaporation as in M. Pétiet’s ex- 
iments, 60 per cent. was due the firebox surface, and that 

he evaporation in two boilers would vary directly as the re- 
lative surface in the fireboxes. The ratio of firebox to total 


heating surface in the French experiments was 60.28 


810.43 
0753, and for this trial 22-85 — 1044 ana 1044x-00 — 
898.67 07 


.832, and the evaporation per square foot of firebox sur- 


face becomes eee 832 93.53 Ib. 

Upon this estimate, each superficial foot of firebox sur- 
face furnished nearly 100 lb. evaporation hour. It 
should be borne in mind that the feed i» introduced 
cold into the forward end of a locomotive boiler, and that 
the tube surface is given to the first heating of the water, 
and it is Dag oc that by the time the water, by circulation 
reaches firebox it has been farnished with nearly, if 
not quite all, the sensible heat due steam at the pressure 
of evaporation. If this proposition be true, then each pound 
of steam made by the firebox surfaces contained 21 
thermal units. the heat transmitted per superficial foot 
of firebox surface was 

866.21 x 93.58=81,016.62 


in an elaborate paper read before the In- 
eers, , on the evaporative 


power of Semmaice tae motes from experiments by 
* From the Journal of ike Franklin Institute. 
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M. Paul Havrez, the maximum rate of transmission through 
a superficial foot of firebox surface with coal, as 40,590 
units of heat per hour; less than 50 per cent. of the rate 
of transmission by the ‘‘ Baldwin’’ firebox after crediting 
the tube surface with the elevation of the feed water, from 
the temperature at which it was introduced to that of the 

evaporation. 
rate of transmission, however, is based upon an 
assumption that may not be true, and as against the fire- 
box furnishing over 80 per cent. of the total evaporation, 
Mr. Longridge arrives at the conclusion that the tube 
surface furnishes nearly 80 per cent. of the evaporation. 
Upon the other hand M. Pétiet finds from experiment that 
60 per cent. of the evaporation is due the firebox, and 40 per 
cent. due the tubes, and in his experiments the relation of 
the total firebox surface to the total heating surface was as 
1 to 13.3 nearly, whilst the ratio of the firebox surface to 
the total surface with the ‘‘ Baldwin” boiler was as 1 to 
9.6 nearly. The writer is of the opinion that the relative 
efficiency of firebox surface is di as the ratio of tubes 
to firebox surface, and that the evaporation, 83.3 per cent., 
credited to the firebox in the “ Baldwin’ boiler is too 
t. From experiments by the Count de Pambour and 
Mr. E. Woods on a locomotive boiler with natural draught, 
it was found that “‘the firebox surface did twenty times 
the duty of the tube surface, but by ———. the conditions 

t 


and jn ing the draught artificiall ratio instead of 

being 1 to 20 became Ito 75.” ether this is a com- 

parison of the work of the box with the tube surface, 

taken as a whole, or for equal areas of surface is not 

stated by Mr. Woods, but from the tenor of the gentle- 

—_ remarks it is inferred that the former comparison is 
e. 

Thore are certain very desirable data in connexion with 
locomotive boiler performance that were not obtained 
during these trials: the temperature of fire and temperature 
of waste gases; velocity of flow through the flues ; of pro- 
ducts of combustion, air introduced per pound of com- 
bustible ; and composition of the gases in the stack. 

Before the formance of boiler, the’ writer 
hee ape ae maps soe of rom bee Daltene of Sapezent 

are Low projection, which trials data 
necessary to estimate the precise action will be taken. 
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PERFORMANCE OF THE BOILER. 
Cincinnati to Hamilton. 
July 28, 1878. 
Duration of run oe ase 


she 1 hr. 26 min. 
Mean temperature of air 98.31 


” 99 . feed-water 78.535 

99 * evaporation 7 

+» pressure above atmosphere _... 120.381 
Water pumped into the boiler ... ..» 13,508.36 

+» | primed, estimated 5 per cent. ... 675.42 
Net steam furnished _... ons ee 12,832.94 
Coal burned oes nae = .. 1814.96 
Steam actually furnished per pound of 

coal ‘sa bit ee ie one 7.0706 
Equivalent evaporation from and at 

paying ey ggtinpagn 8.350 
Evaporation per superficial foot of heat- 

ing surface per hour, actual ... eco 9.963 
Evaporation wd superficial foot of grate 

surface per hour ove <a ‘oe 593.316 
Coal burned per superficial foot of grate 

surface per hour ae ils BF 83.913 
Evaporation from and at 212 deg. per 

hour a ts eve wad «» 10,585.85 

Hamilton to Twin Creek. 

Duration of run ... ote 42 min. 
Mean temperature of air joo 88.45 

” ” feed-water 77.05 

% ” evaporation 352.00 

ib. 

i pressure above atmosphere 124.443 
Water pumped into boiler. .. 8618.36 

»» | primed, estimated 5 per cent. ... 430.92 
Net steam furnished ... + .. 8187.44 
eeeyutaily taridick per gem 

ac r 

coal... ’ ie 23 4 ood Bes 4.511 

—— evaporation from and at 
—— ee ae aa. 5.844 

Evaporation per superficial S 

ing surface per hour, actual... 13.015 
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Evaporation per superficial foot of grate Ib. is given). For diagrams 39, run from Cincinnati to| It has been suggested that the force on the minimum 
cotaes perhour ... oo ose Ss 998406 Hamilton, the te indicated resistance, including | crank-arm into the length of the arm, Dron. yd more or less 

Coal burned per superficial foot of grate friction of the ous in all parts, and extra friction due to | than the mean force for the whole into the mean 
surface per hour oe me «. 171.823 load, was 30.641. At this time the engines were running | crank-arm, and that the momentum of the engine will be 

Evaporation from and at 212 deg. per ‘‘throttled” and “cut back” at less than seventy-nine | increased or diminished accordingly as the moment of the 
hour ae digo aoa --» 18,855.92 revolutions per minute, whilst in di 32, with an | force into the minimum crank-arm is greater or less than 

Twin Creek to Dayt average cut-off .58 of stroke, and open throttle at 208.33 | the moment of resistance. 

4 Pe rare ce Lrgyn. : revolutions per minute, the engines were developing, in| An engine equating under the conditions first named, 
Duration of run... eee .» 50min. the aggregate, 726 horse power, a mean of 363 horse power | would move without acceleration or retarda- 
Mean temperature of air vee ee 92.130 per engine. In Column 21 is given the conditions of the | tion of speed so long as the cut-off, boiler 

2 ” feed-water ... 86.326 track, curve or tangent, le up or down, deflection of | and resistance were uniform. Whilst under the second 

9 9 evaporation .. 349.380 curve, angle at centre, and ratio of grade. conditions, the engine would move forward by successive 

’ Ib. As suggested early in the review of the test, the engines —, and the motion would be accelerated or retarded 

»» pressure ‘above atmosphere 119.610 were precisely alike, except the piston rod of left engine | as the pressure into minimum crank-arm was greater or 
Water pumped into the boiler... ... 9650. was .0625 in. in excess of standard diameter, otherwise the | less than the mean mre into mean crank-arm. 

», primed, estimated 5 per cent. 482.50 engines did not differ in m dimensions; and with-| In the con tables of engino performance, the 
Net steamfurnished .. .. «. 9167.50 out data to the contrary it would be reasonable to expect | averages of the table of diagrams are given, together with 
Coal burned gees tee 1474700 the engines to do equal amounts of work. A ex- | the duration of run, miles run, miles per hour, and distribu- 
Steam actually furnished per pound of amination of the table of di will show that, with a | tion of the load. 

Conk... 000 wee wee ae 6.216 few exceptions, probably due to delay in taking the dia- | The friction of engine in all its parts was determined 
Equivalent evaporation from and at grams from opposite sides of the locomotive, the left engine | upon the return from Dayton to Cincinnati; the car, con- 

212 deg. aso es isk shee 7.300 was constantly carrying the heaviest load. In this engine | taining the o invited guests, being detached 
Evaporation per superficial foot of heat- the valve functions are all tardy as compared with the | and the engine running at a , while friction 

ing surface per hour, actual.. __... 12.241 opposite side ; but this alone is net sufficient to account | cards were taken, as rapidly as the indicators could be 
Evaporation per superficial foot of grate for the discrepancy in the loads. According to the De | worked, from both ends of each cylinder. 

surface per hour _ ..- i ose 729.025 Pambonr law ‘‘ the mean pressure on the piston is equiva- The power absorbed by the engine in overcoming fric- 
Coal burned per superficial foot of grate lent to the resistance,” and any attempt to estimate the | tional resistance is based upon the average of mean effec- 

surface perhour .. ..  «.. 117,272 resistance from an indicator di assumes the - | tive pressures from the friction diagrams and the speed for 
Evaporation from and at 212 deg. per ness of this law. If the steam pipes branching to the | each run. 

hour... os dis tis . 12,918.37 cylinders were of unequal area in cross section, then the The extra friction due to load has been estimated at five 

Diagrams N°6 Diagrams ¥° 6. 
Left Engine _ Right Engine 
Gncinnati toHamiltory Gigrunnati , 
Bevis 669 \ Severe '/ 
2S ‘ . 
NPS. 
Bight Engine 
Cincinnati to Hamaltory 
Rev's, 120-02 L.6 
R.A 

Diagrams N° 24 

ight Engine 
Pe pap or 

Revs, 675) 

Diagrams N? 14, 
ight E 

Harrcilton to Fein Geeck~ 
Revis!70-24 
! 
Rie 


LK 



































In the following Table (see next page) the diagrams have 
been worked in pairs for each engine (right and left), and are 
given with the boiler pressure, revolutions, and the track, 
for each series of cards. The series are num from 1 
to 40, Cincinnati to Hamilton; from 1 to 20, Hamilton 
to Twin Creek ; and from 1 to 21, Twin Creek to Dayton.; 

Ta Column 1 is given the order in which the diagrams 
were taken; Column 2 gives the pressure in the boiler 
taken simultaneously with the diagrams; Column 3 con- 
tains the revolutions corresponding with each series of dia- 
grams. As already explained, the engine counter failed 
after running a short distance, and the revolutions are de- 
duced from the observed time in running between 
stations. This method, although not as desirable as an 
actual record of the revolutions by speed counter, was the 
ouly means by which the s could be noted after the 
counter broke, and cannot be in error sufficiently to affect 
the final results, The distances between stations (of which 
there were ninety-six in a run of fifty-nine miles) were 
carefully measured, after the tests, and the time in running 
from one station to the next was noted to seconds, and by 
the observer entered in his note book. 

Columns 4 and 12 contain the initial pressures averaged 
for each pair of cards. This is the pressure at commence- 
ment of stroke, and, as will be observed, is approximately 
the same for both engines during each of the three runs. 
Columns 5 and 13 contain the cut-offs in fractions of stroke 
meas on the card. The entire valve motion is earliest 
for the right engine, althongh by the marks on the guide 

» the valve motions were alike for both engines. 
Columns 6 and 14 contain the fractions of stroke to 
Columns 7 and 15 contain the terminal pressures, or pres- 
sure at time exhaust opens. (All pressures are measured 
from the atmosphere.) Columns 8 and 16 contain the 
counter pressures at mid-stroke, The effect of speed and 
terminal pressure on the back pressure will be apparent 
upon comparison of the values in these columns with the 
corresponding values in columns 3—7, and 15. Columns 9 
and 17 contain the fractions of stroke, estimated from zero 
to exhaust closure. Columns 10 and 18 contain the mean 


effective pressure per square inch of. piston during stroke 
(forward and back). Columns 11 29 contain the indi- 
cated horse power for each pair of di . The extreme 


variableness of the resistance under different conditions of 
speed and track are a) it from these values, and the 
values in Column 20 (w. the aggregate indicated power 


ed | Then by applying the De Pambour law to the problem, the 





effect would be agpereioied by a reduced initial pressure in 
the cylinder supplied by the least pipe, and this would ap- 
to be the case in the run from Cincinnati to Hamilton, 

ut in the runs from Hamilton to Twin Creek, and from 
Twin Creek to Dayton, the initial pressures differ very 


ightly. ? 
me od equal initial pressures, and equal functions of 
valves, the mean diagrams should estimate alike, and in a 
coupled engine, when the load for a given interval of time 
is represented by a constant statical moment, each engine 
at two points in every revolution of the cranks must be 
capable of moving the load unaided by the opposite engine. 


mean pressure at the two points of crank should be equal 
for equal radii of cranks and opposite engines. If the 
pistons work on cranks at quarters, then the points at 
which one engine must be — of moving the load at 
mean speed are 90 deg. and 270 deg. in the revolution of 
the respective cranks. 

In a locomotive, when the axes of cylinders are in the 
same plane as the axis of drivers, then these points would 
represent a position of piston in excess of stroke for 
the back motion, and less than half stroke for the forward 
motion, and the pressures at these two points referred to 
effective areas of piston should be alike. 

Again, if the resistance to the motion of the engine be a 
constant quantity, then the mean effective pressure for 
total stroke into the mean ’crank-arm (both cranks con- 
sidered) should equal the pressure on the crank-pin at 
90 deg. and 270 deg. into the minimum crank-arm. 

The maximum crank for a pair of engines coupled at 
quarters would be 1.414, the actual radius of crank, and 
would exist when the cranks were respectively at angles of 
45 deg. and 235 deg. from the centre line, and the mini- 
mum crank-arm would exist ry ey gy ete got 
180 deg., and the other at 90 deg. or 270 deg., and the 


mean crank-arm would be ite 1.207 times the ac- 


tual radius of crank. 

In brief, the maximum crank-arm for an engine working 
singly is the minimum crank-arm for a pair of engines 
coupled at quarters, and as the force applied to the mini- 
mum crank-arm must be capable of moving the load at 
mean speed, it follows that this force into the minimum 
crank-arm should equal the mean pressure into the mean 








per cent. of 
train is the 
and power absorbed by friction. 

etermining the cost of the power, 


8 load ; the power expended in moving the 
Sitterence Litemeee the indicated alee Gower 


d the engines were 
charged with the total water pumped into the boiler. Some 
exception may be taken to this method of estimating the 
economy of performance, but while, for purposes of investi- 
pin. it is proper to te the performance of the 

iler from that of the engine, in use the economy of 
the one is npee. dependent upon the other. The economy 
of the boiler —_ be excellent, whilst the design of the 
engines was such as to obliterate the efficiency of the boiler 
an the efficiency of the whole mediocre or r', 
and conversely, a design of engine may be prejudiced 
by the inferior duty of the boiler. Of the 1 quantity 

feed pumped into the boiler a portion went into the dry 
pe as water entrained, a portion was lost by frequent 


lowing of the safety valve, and still another portion was 
lost by the whistle. In addition to these losses, the drain- 
of the cyli were occasionally opened, 


a 
small quantity of steam was wasted in the attempt to 
make calorimeter observations. Taking the difference be- 
tween the water pumped into boiler and steam delivered to 
the engines at seven per cent. of the total quantity, then of 
oy quantity but 93 per cent. was properly chargeable to 


engine. : 
The percentage of steam accounted for by the indicator 
becomes 
S068 =91.47 
for the run from Cincinnati to Hamilton ; 
80.271 __9¢ 9) 
for the run from Hamilton to Twin Creck ; and 
ort 89.45 
for the run from Twin Creek to Dayton ; and the actual 
steam per indica‘ wey yee eo became for the 
three independent rans .02 Ib., 31.05 ib., and 29.72 Ib. 
vi . 
a 16-le. nen-cond ing Harris-Corliss engine, working 
at 500 ft. piston speed, initial pressure of 100 Ib. above 








crank-arm (for both engines). 


atmosphere, and cutting off at two-tenths of stroke, would 
5 om 21.5 lb, of water per indicated horse power 
per ’ 






























































































































































































































































504 ENGINEERING. [JUNE 25, 1880, 
FROM THE INDICATOR DIAGRAMS.—CINCINNATI TO HAMILTON. 
RIGHT ENGINE. LEFT ENGINE. 
1. 3. 4. 5. 6 | 7. 8. 9. 10. 11. 12. 13. | 14 15 16. | 17. | 18 19. 20. 21. 
| 2 A | _ 
£ 5 4 ° eo | £ > ~ 
g piel bBige |e 18 | le lelelg | & 1g 
| E E a oe é L ~ 2/8/38 qi al | 
é § 5 et 3. 2 om 4 Oo 18s | ¢ 8 TRACK. 
‘ : 3 te 2 3 gs ry ; 3 be 2 & : So |. 
G ® rn Ra ca) . co) = nD s Sa eo. & 
he £ z 8 2 5 2 Se 2 =| ® 145 3 3 z ao oye 
Ss} e]4/32 Eig/4/|#£| 42) 212)|2/688) 2) 4/82 | 5 | 35 
FE 3 | Olale +ésial a a 4 6 iale*/s | a i;a™ |] a aoe 
1 {130 | 48.59 | 68.075] .7006] 9331 }48.312/ 0.250 .1119' 59.200 69,068] 68.812! .7292| .9372/45.458| 0.250] .1078 |60.442 | 70.453] 139.521/Curve, 1° 00" def. ; cen. angle, 16° 24’. Level, 
2/131 | 57.76 | 55.187] .7006| .9331 |33.687| 0.500) .1119| 47.055 | 65.275] 55.750! .7222| .9372|34.500| 0.250) .1078 |47.412 | 65708] 130.983) Tangent. ” 
3/126 | 74.63 | 52.000| .7006| .9831 |31.812/ 0.500| 1119) 43.119 | 77.143] 51.093] .7222| .9372 |30.125 | 0.500} .1078 |41.981 | 75.057] 152.220/Ourve, 1° 30’ def.; cen. angle, 16° 21’. m 
4 1185 | 102.07 | 112,125] .4740| .8362 |40.937 | 1.250] .8304| 66.122 | 162.050] 108.750} .5000| .8770 |44.910| 2.000] .2275 |70.326 | 172.194] 334.24 » 1°00 ” » ©«6.24°-86". me 
5 1182 | 120,02 | 114.875 | .4740| .8362 |43.875| 1.875) .3304) 70.407 | 202.894] 115.625| .5000| .8770 |47.937 | 1.875| .2275 |74.064 | 213.290] 416.184 ,, 1° 00’ ” » 11° 30’. ” 
6 |129 | 106,69 | 112.875] .8309| .8192 |82.000| 2062] .3761| 52.500 | 134.490] 112.625 | .3880| .8448 |37.000 | 2.000) .3265 |58.208 | 148.977] 283.467) ,, 1°30’ ” ” 33° 02’, ” 
7 192 | 103.48 | 109.812] .8309| .8192 |28.062| 2.125) .8761| 50.553 | 125.545] 110.437| .3g80| .8448 |34.437| 2.125| .3265 |55.118 | 136.757] 262.302) ,, 1°45’ ” ” 49° 09’, ” 
8 1120 | 104.45 | 46.875) .8309/ .8192/10.031| 0.875] .3761| 17.577 | 44.079] 95.437] .3890| .8448 /27.312] 1.000] .3265 |46.567 | 116.675] 160.754|Tangent. Up grade, 1.910. 
9 |119 | 104.45 | 104,000] .8309| .8192/28.750| 2.375] .3761| 48.542 | 121.733] 101.000] 3880 | .8448 |29.750| 0.500] .3265 |51.543 | 129.142] 250.87. * ” ® 
10 |122 | 104.46 | 104187| .4740| .8362 |37.687| 2.125| .3304| 60.846 | 151.335] 104.187] 5000} .8770 |39.312 | 2.875| .2275 |62.389 | 156.318] 307.653) ,, »° 
11 |117 | 112.82 } 107.625) 4740) .8392 |40.000| 2.375 | .3304| 63.585 | 171,482] 108.750} .5000| .8770 |42.650| 3.062] .2275 |66.902 | 180.264] 351.746) » 1.651. 
12 }112 | 96.01 | 102.475) 4740} .8362 |37.500| 2.000} .3304| 59.037 | 136.097] 103.875| .5000| .8770 |37.968| 2.750) .2275 |61.146 | 140.828] 276.925/Curve, 0° 30’ def.; cen. angle, 6° 00’. Level. 
13 |109 | 105,00 | 95,562) .5580 1 |43.000 | 2,500) 2450, 64.347 | 162.229] 95.562| 6000) .9022 44.437 | 4.875) .1824 |64.764 | 163.128 | 325.357 Tangent. Up grade, 1.376. 
14 [115 | 80.48 | 92.688) 5580) .8901 42.312) 2.875 | .2450/ 62.878 | 121.503] 93,375 | .6000| .9022 |43.093| 5.000) 1824 |62.735 | 121.118] 242621) » 1.800. 
15 1120 | 69.48 | 103.750| .5580| .8901 |48.750| 1.750] .2450| 73.255 | 122,208] 103.750] 6000 | -9022 |49.437 | 2.000] .1824 |75.133 | 125.227] 247.435) ,, » ” 
16 |125 | 69.48 | 109.000| 5580} .8901 |61.937| 1.750] .2450| 78,028 | 130,169] 110,625] .6000| .9022 |54.125| 2.500] .1824 |80.763 | 134.620] 264.789) ,, ” ” 
17 |134 | 69.48 | 117.750] .5580| .8901 |58.687| 1.875| .2450' 85.339 | 142.367] 118.406] .6000 | .9022 |59.625 | 2.250] .1824 |87.822 | 146,378 | 288.745|Curve, 1° 00/ def.; cen, angle, 32°11’. Upgrade, 1.250. 
18 180 | 68,69 | 122.937] 5580} .8901 {58.500 1.500 | .2450| 89.211 | 146.923] 123.843] .6000 | .9022 [62.187 | 2.312] .1824 |91.415 | 150.415] 297.338 ” ” ” ” ” 
19 |185 | 77.12 | 116.688] 6580} .8901 |57.500| 1.875] .2450| 86.238 | 159.687] 118.093 | .6000| .9022 [57.875 | 1.937| .1824 |87.216 | 161.354] 321.041/Tangent. n —-1,.298. 
20 |129 | 77.12 | 123.437] .6680) .8901 (62.562 | 1.750} 2450) 90.523 | 167.621} 125.125] .6000| .9022 |63.312| 1.937] .1824 |93.440 | 172.866] 340.487)» ” ” 
21 |132 | 67.79 | 116.937] .6580| .8901 |57.500| 1.750] .2450 | 85.027 | 138,398] 118.500] .6000 | .9022 |59.125 | 2.250} .1824 |87.692 | 142,606] 281. * » 1.260. 
22 |129 | 75.81 | 118.937] .6580| .8901 |58.625| 1.750] .2450| 85.988 | 156.520] 120,437] .6000 | .9022 |59 312] 2.500| .1824 |88,848 | 161.530] 318.100|Curve, 0°45/ def.; cen. angle, 21° 11/. » 1.256, 
23 |134 | 73.12 | 118,000] .5580} .8901 |58.625 1.500 | .2450| 86.413 | 151.712] 118.468] .6000 | .9022 |58.468 | 2.750] .1824 |87.433 | 153.364] 305.076 ” ° ” ” ” 
24/190 | 67.51 | 123.875] .6580| .8901 |59.625| 1.750] .2450| 89.127 | 144.470] 124.125] .6000 | .9022 |62.125| 2.312 1824 |92.055 | 149.083] 293.553), 1° 00/ ” » 14° 30/. » 1.250. 
25 |136 | 67.61 | 117,500] .6580/ .8901 |57.031 | 2.000 | .2450 86.413 | 140.071] 118.500 | .6000 | .9022 |60.000 | 2.250) .1824 |87.965 | 142.459] 282.530) Tangent. » ‘1.278. 
26 1190 | 67.51 | 124.187| .6580| .8901 |63.187| 1.500] .2450| 91.924 | 149.004] 125.625 | {6000 | |9022 |64.437| 2.062| ‘1824 |93.274 | 151.056] 300.060] ” %” 
27 1135 | 71.05 | 117.187] .6580] :8901 |57.500| 1.875] 2450 84.576 | 144.284] 118.125| :6000| (9022 |58.750| 2.375 | 1824 85.664 | 146.006] 290.290|Curve, 0° 45/ def. ; cen, angle, 39° 00/. i 
28 |131 | 71,05 | 124.875] .6680] .8901 |61.500| 2.000] .2450 91.924 | 156.819] 125.687 | .6000 | .9022 |62.500 | 2.250| .1824 |93.460 | 159.257] 316.076 o ” » ” ” 
29 |191 | 81.77 | 118.651] .6618| .9075 |67.250| 2.062 | .1982| 94.635 | 185.801] 120.437 | .7000| .9140 |64.875 | 2.937 | .1331 |95.235 | 186.807 | 372.068 ” ” ” ’ " 
30 |190 | 81.77 | 120.125] .6618| .9075 |70.312| 1.625] .1982) 97.084 | 190,611] 120.468| .7000| .9140 |69,000| 2.375| .1331 |97.433 | 191.121 | 381.732|/Tangent. Level. 
31 {197 | 118.85 | 117.487] .6580| .8904 58.375 | 2.062] .2450 84.716 | 231.584] 118.812] .6000| .9022 |59.062| 3.125| .1824 86.105 | 235.163] 466.747|Curve, 1° 00"dif.; cen. angle, 24° 20". Up grade, 1.209. 
42 |120 | 208.38 | 108,875] .5580| .8901 |51.875| 6.687 | .2450 | 72.348 | 361.892] 108.812} .6000| .9022 |53.187| 8.687] .1824 |72.845 | 364.049] 725.941|Tangent. Down grade, 1.5227. 
33 |112 | 208.33 | 101.500] .5580| .8901 47.562 | 4.250| .2450' 69.767 | 338.984] 103.187| .6000| .9022 |49.875| 4.750| .1824 |72.458 | 362.117] 701.101; », ” 1.270. 
84 | 97 | 208.33 | 89.567] 8309] 8192 |21.500) 2.500] .3761| 36.830 | 184.231] 88.125] 3880) .8448 |25.375| 3.125] .3265 |40,326 | 201.534] 385.765) ” 1.345. 
35 | 98 | 208.33 | 79.312] .8309| .8192 |20.312| 2,875] .3761| 32.420 | 162.170] 76.938| .3880| .8448 |21.375| 2.750| .3265 |33.936 | 169.597] 331.767] __», ” * 
a6 | 97 | 170.94 | 76.125] 8309] .8192 |17.500| 7.000} .3761 | 27.665 | 113.548] 78.500] .3880| 8448 [21.375] 4.500] .3265 |31.842 | 130,575] 244.123|/Curve, 1° 00/ def. ; cen. angle, 27° 18’. ” 1.455 
a7 | 99 | 155.09 | 24.875] .8309| .8192| 6.375| 5.375| .3761| 6.705 | 24.968] 64.000] .3880| .8448 |16.250| 4.250] .3265 |23.265 | 86.5564 111.524/Tangent ” 1.625. 
38 1112 | 189.23 | 33.750] .8809| .8192| 6.093| 2.937] 3761, 5.759 | 19,252] 35.250) .3830| .8448| 6.250] 2.875] .3265/| 8.596 | 28.710] 47.962) 4 ” 1.2694. 
39 | 92 | 78.90 | 83.000] 8309] .8192| 4.875/ 2.000| .8761| 7.586 | 14.371] 34.125] .3880 | .8448 | 7,000] 3.500] .3265| 8.596 | 16.270] 30.641) 4 " ” 
40 |115 | GI19 | 49.750/ .6680} .8901 |20.875 | 1.062 | .2450| 33.139 | 48.689] 49.250 | .6000 | .9022 |20.625 | 2500] .1824 |32.937 | 48.348] 97.037)» Level. 
122 |100.473 | 97.272] .5066| .8695 |42.547| 2.106 | .2786 | 63.447 | 141.782] 99,812 | .5486 | .8879 jtae10 2.653 | .2160 |66.484 | 150.175] 291.958 
} | | 
HAMILTON TO TWIN CREEK. 
| | ' ! 
1 1195 | 42.02 | 114.125} .5580] .8901 |55.531| 1.000) .2450 83.477 | 84.222 | 107.437 | .6000] .9022 63.187} 4,000] .1824 le7.514 88.214] 172.436 | Tangent. Level 
2 1120 | 95.23 | 110.848] .6580| .8901 |50.000] 2.250 .2450| 73.731 | 168.589] 106.031| .6000| .9022 |56.087| 3,000] .1824|76.852 | 175.565] 344.154 |Curve, 1° 00/ def.; cen. angle, 18° 15’. am 
3 1193 | 107.89 | 108.818] 5580} .8901 [50.250] 4.625 | .2450| 72.937 | 188.947] 109.062} .6000| .9022 |56.125| 5.000] .1824 76.991 | 199.264] 388.211 |Tangent. Up grade, 1.644 
4/180 | 113.46 | 114.9387 | .5580| .8901 [54.312/ 6.062) .2450 77.216 | 210.358] 112.937 | .6000| .9022 |58.062 | 7.000! .1824/79.597 | 216.645 427.003 | ” ” 
5/195 | 118.46 | 105.000] .5580] .8901 }48.250] 4.562) .2450] 69.913 | 190.462] 106.000| .6000| .9022 |52.125 | 7.375| .1824|72.705 | 197.888 388,350| |, a ee 
6 |L20 | 11846 | 103.500 | .5580| 8901 |49.625| 3.656 | .2450) 71.942 | 195 988] 114.562 .6000| .9022 |52.062 | 4.531} .1824|73.283 | 199.324 395.312| ,, ” * 
7 |UL8 | 106.14 | 104.250 | .5580) .8901 /50.562) 2.500) .2450/ 72.138 | 183.844] 104.750 | .6000| .9022 |51.125 | 3.500] .1824 |74.466 | 189.605] 373.449| » _ 1.339. 
8 /198 | 114.19 | 114.187] 6580] .8901 [55.218] 4.187) .2450) 79.186 | 217.110] 114.781} .6000] .9022 |57.187| 5.687] .1824 80.443 | 220.358] 437.468 Curve, 1° 00/ def.; cen. angle, 22° 30/. » :1.11023 
9 [180 | 114.19 | 109.437] .5580] .8901 |57.000) 6.375, .2450| 72.297 | 198.225] 108.125! .6000] .9022 |51.375| 6.750| .1824 173.274 | 200,719] 398.944 | Tangent. 6 1.931. 
10 |192 | 184.29 | 105.600] .4740| .8362 |37.437| 5.000| .8304| 57.308 | 184.786] 107.437 | .5000| .8770 |41.000| 6,375] .2275 |60,088 | 193.572] 878,358| _,, » 11124. 
11 jL16 | 114.86 687 | 4740} .8362 |34.375| 4,687 | .8304) 54.051 | 149.066] 101.437 | .5000| .8770 |37.875 | 6.250| .2275 |55.941 | 154.138] 303.204 ” ” ” 
12 |128 | 142.23 | 110.375 | .3309| .8192|28.875| 4.000) 3761 | 48.554 | 165.813] 111.500 | .3880] .8448 34.625 | 4.500| .3265 /52.058 | 177.619} 343.432) ,, Down grade, 1.334. 
13 |180 | 185.67 } 107.987 | .3309} .8192 |30.525| 7.750| .3761| 44.861 | 146.136] 114.937 | 8880] .8448 |34.250 | 7.875 | .3265 |48.705 | 158.574] 304.710| ” 1.789. 
14 |135 | 170.21 | 122.844] .8309| .8192 |33.062|10,875| .8761| 45.927 | 187.698] 121.750 | .3880| .8448 |37.250 | 8.437] .3265 51.794 | 211.485] 399.183| _,, Up grade, 1.1625. 
15 1182 | 146.70 | 107.987 | .8309| .8192 }28.187| 5.625| .38761| 43.699 | 153.925] 108.687 | .3880] .8448 |33.750| 5.937| .3265 |49.661 | 174.767] 328.692 |Curve, 1° 00/. def.; cen. angle, 24° 30/. a 1,1750. 
16 |430 | 205.56 | 111.231} .3309] .8192 }29.750] 5.812) 8761) 45.519 | 224.667] 113.125] .8880] 8448 |33.875 | 6.250] .3265 |51.088 | 251.924] 476.591 | Tangent. Level. 
17 | 120 | 120,93 | 98.375 | 5580 | .8901 |44,562) 7.093) .2450) 61749 | 178.258] 99.000 | .6000| .9022 |48.312| 8.062 | .1824 65.478 | 188.857] 367.115 Curve, 0°50/, def.; con. angle, 40.00. Up grade, 1.495. 
18 |115 | 107,00 | 97-062] .5580] {8901 |48.937| 6.500| .2450| 61.682 | 171.265 u7i3| 6000 | .9022 |46.500 | 7.937 | .1824 64.853 | 166.465] 337.730 | Tangent. » 1.584. 
19 [114 177.62 | 92.687] .5580| .8901 |41.250 8.437 | .2450| 55.947 | 238.605] 94.687| .6000] .9022 |44.437 | 9.500] .1824 59,647 | 254.149] 492.754), Down grade, 1,2230. 
20 |115 | 100.17 ] 94.760) . 8901 }41 375] 8125) .2450) 58.789 | 154.102] 96.687} .6000| .9022 |46.250| 9.000] .1824 |61.852 | 161.983] 316.085] _,, Up grade, 1.534. 
—| ——!| —_—_ —_—._ SS a el 
124 124.179] 106,654} .4928| .8669 [43.204] 5.495 | .2868| 62.545 179,603 107.538 | 5370 | .8853 [se-773 | 6.353 | .2229 [65.812 189.055 | 368.659 
TWIN CREEK TO DAYTON. 
| 
1 | 140] 51.00 | 135,000] .6618| .9075 79.500 | 1.125 | .1982/ 111.190 | 136.157] 136.750] .7000 9140 |84.687 | 0.875 | .1331/ 112.820} 137,391] 273,548 | Tangent. Up grade, 1 976. 
2} 140] 86.46 | 128,906] ,5580| .8901 66,500 | 2.750) .2450] 93.082 | 193.232] 130.000] .6000| .9022 |68.875 | 2.750] .1824| 96.174] 199.471] 392.703] _,, ‘a te 
3 | 183] 191.83 | 111.406) .6580/ .8901 /51.750 | 7.625 | 2450) 72.870 | 213.162] 111,687] .6000| .9022 |56.218 6.500 | .1824| 76.588] 223.836] 436,998/ ,, e ” 
4 | 195) 1291.83 | 108,187} .6980| ,8901 50.343 | 6600) .2450/ 71.129 | 208,070] 107.750] .6000| .9022 |53.062 | 6.031 | .1824| 74.117] 216.610] 424.680| ,, ” *” 
5 | 190] 127.47 | 112.912] 4740} .8362 41.687 | 4.250 .3304/ 63.295 | 193.722] 111.875] .5000| .8770|45.375 | 5.500} 2275) 65.885} 201.465] 395.187) » 1.540. 
6 | 195] 140.89 | 108,281 | 4740) .8362 38.685 | 5.500, 3304) 58,616 | 198.289] 110.468] .5000| .8770 |41.937 | 7.250] .2275| 61.574| 208.108] 406.397 |Curve, 1° 00/ def.; cen. angle, 38° 00’, vel, 
7 | 120} 140.89 ] 102.260) .4740/ .8362 |35,000 | 6,000 | 8304) 52.069 | 176 145] 103.125] .5000 | .8770 |37.937 7.375 | .2275) 54.839] 185.344] 361.489 | Tangent. p grade, 1.2761. 
8 | 119) 145.82 | 100.187] 4740) .8362 34.497 | €.000| .3304/ 53.103 | 185.239] 102.812] .5000 | .8770 |38.593 | 7.937 | .2275| 54.816 | 191,092] 376.381 |Curve, 1° 00/ def.; cen. angle, 41° 00’, vel, 
9") 118) 149.38 | 100.562) .4740) .8362 |34.250 6.500 | 8304 | 53.448 | 191.707] 100.250} .5000 | .8770 |40.062 8.437 | .2275| 55.478 | 198.806] 390.513; ,, 1°02’ ‘6 1 «48° 084, n | 
10 | 116] 161.55 } 98,062] .4740| .8362 |38.000 | 6.000| .3304| 52.758 | 204.644] 101.187| .6000 | .8770 |37.937 | 7.718 | .2275| 53.735 | 208.242] 412.886 | Tangent, Up grade, 1,3491. | 
11 | 120) 145.50 } 110,625 | 4740) .8362 38,625 | 7.250| .3304/ 59,820 | 208.987] 106,250] .5000 | .8770 |40.312 | 7.625 | .2275| 57.631} 201.154] 410.441) ,, ” - 
12 | 196] 141.65 | 111.000] .4740) .8362 39.000 | 7.375 | .3804| 61.642 | 209.652] 113.188] .5000| .8770 /42.375 | 7.125] .2275| 62.991 | 214.047] 423.699/ ,, » 1.978. 
13 | 190] 144.53 | 111,250] .4740| .8362 38.937 7,000 | +8304 | 60,601 | 210.300] 113.593] 5000 | .8770 |43.500 | 7.875] .2975| 63.167| 219.008] 429.308| ,, ” ” 
14 | 198) 157.30 | 107.500] .4740/| .8362 '37.987 | 8.187| .8304/ 57.421 | 216.875] 110.906] .5000| .8770 |42.812 8.156 | .2272| 59.564] 224.745] 441.620| _,, » 1.1096: 
15 | 199] 151.90 | 101.987] .4740| .8362 35.250} 8.126 | .8304/ 51.883 | 189.230] 104.843] .5000| .8770|38.031 | 8.812] .2275| 54.227] 197.598] 386.828| ,, vel. 
16 | 194) 146.68 | 104.625] .4740| .8362 37,012 | 7.625 | .8804| 54,655 | 192.357] 109.687] .5000| .8770/41.250 | 7,437 | .2275| 60.088 | 211.285] 403.642 |Curve, 1° 30/ def.; cen. angle, 91° 52’. Upgrade, 1.594. 
17 | 198] 152.97 | 102.843] .4740| .8362 |36,000 oa; 3304 | 52,022 | 191.073] 106.656 | .5000| .8770 |39.250 | 8.437} .2275| 57.368 | 210.518] 401.591; ,, 1° 00/ ” » 28° 30/. » 41,2850 
18 | 120] 141 86 | 101.812] .4740| .8362 35.000 | 6.937) .8304| 51.919 | 176,843] 104.375 | .5000 | .8700 |38.750 | 7.812 | .2275| 56.842] 193.437] 370,280 |Tangent. » 1.842. 
19 | 115} 123.10 | 97,593] 4740| .8362 |33,625 | 7.125) .3304| 50.517 | 149.313] 99.875] .5000| .8700 |36.687 | 6.937 | .2275| 54.882 | 162.069] 311.382 |Curve, 1°00’ def.; cen. angle, 14° 24’. anh 
20 | 100] 123.10 | 91.437] .6530| .9187 49.656 | 1.062/ .1633) 73.119 | 216.122] 92.750| .6950 | .9228 |55.500 | 1.750,| .1404| 76.411 | 225.647] 441.769 | Tangent. » _:1.1057. 
21 | 100} 123.10 | 64.687 | .7006| .9331 |40.000 0.500) .1119/ 55.122 | 162.925] 42.875 | .7222 | .9372 |25,625 | 1.250°| 1078] 35,414] 104.577] 267.502| _,, ” ” 
1238} 133.25 | 105.289} .5142| .8558 iezas: 5.726 | .2985 | 62.394 | 191.623] 105.743 | .5437 | .8874/45.180 | 6.646 | .2067 | 64.005 | 196,876] 388.502 
| 





























| During the run from Hamilton to Twin Creek, the mean 
| indica’ load was 368.658 horse power, and the total 


It has been suggested by an eminent English enginen, 
friction load was 57.632 horse power, and percentage of 


that of the total power developed by a locomotive, 


cent. was absorbed by the engine itself in overcoming 


61.487 100_ 
385.502 5.82, 





friction and working the pumps. The pumps were on 


| total power absorbed by the engine in overcoming all 








oran average of 15.77 per cent. of the total indicated 


during the run for friction diagrams, and the power ex- | resistances becomes power was expended in overcoming the friction of the 
pedo ns dein embraced in She second quantity . engine in all its parts, extra friction {due to load and in 
Se ais tae ven trons Cladunnll to. Moiiten the mesa 57.632 x 100_ 15 63, working the pumps. se power in coal, it a proper 
indicated load on the locomotive was 291.958 horse power, OB.O8S Pek that th Porrer this trial was Pitts- 
tal friction load 12.929 = 46.313 : to remark that the coal burned during this trial w 

and the mane tote ore on af Dering the ran from Twin Creek to Dayton, the mean | burgh No. 2, screened and picked, and is supposed to re- 
horse power, itoelf it percentage all resi p ween aie indicated load was 388.502 horse power, and the total | present the best bituminous coal available in this part of 
by the engine itself in overcoming all resis meS | friction load was 61.487 horse power, and the percentage | the country (Cincinnati). Estimating the cost upon the 
46.313 x 100 _ 15 96 of total power absorbed by frictional and pump resistances | basis of the actual coal burned, is prejudicial to the engines 

291.958 becomes to the extent of unconsumed coal blown out of the stack, 
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and of failure in the boiler to furnish a standard evapora- 


tion. 

Taking the economy of engines as represented by 30.02 1b. 
31.05 Ib. and 29.72 lb. of steam per indicated horse power 
per hour, or an average of 30.26 lb. for whole trial, and 
the evaporation per pound of coal (Pittsburgh) as "9Ib., 
then the cost of the = becomes 


30.26 _3 361b. 


It will be remarked, upon examination of the condensed 
tables of performance ‘of the en ines, that whilst the cost 
of the power upon an evaporation of 9 lb. of water per 
pound of coal is approximately the same for all the runs, 
the actual cost of the power is respectively 4.2381b., 7.033 lb., 
and 5.359 lb. of coal per indicated horse power per hour. 
The manifest unfairness of -estimatin = J the economy of the 
engines upon the coal actually burned, could not be better 
shown, for whilst the expense of steam per bour per horse 
power is nearly the same for all runs, the actual coal burned 
varies from 27 per cent. excess during the third run to 
nearly 66 per cent. excess during second run, as compared 
with the coal burned per horse power per hour during 
first ran. Assuming the Baldwin locomotive as represent- 
ing the best American practice, then two serious defects 
a apparent from these trials : 

. The economy of boiler should be improved until an 
caaaal evaporation is had of 9 lb. of steam from tempera- 
ture of feed per pound of coal. This evaporation is attain- 
able without impairing the steaming qualities of the boiler. 

2. The valve gear should be so devised as to produce full 
port opening for all cut-offs, and the area of port opening 
should be calculated for maximum piston speed. It is just 
as desirable that the initial pressure in the cylinders of a 
locomotive shall approximate boiler ressure as in the 
automatic cut-off engine, and this result also is attainable 
without complicating the valve gear or diminishing the 
pronounced efficiency of the engine. 

SumMARY OF ENGINE PERFORMANCE.* 


Cincinnati to Hamilton. 
July 28, 1878. 


Duration of run ee ot ie 1 hr. 26m. 
Miles run sd pon tei eee 24.6950 
per hour .. ‘ie exe 17.2290 
Mean revolutions per minute eee 100.4730 
»» piston speed each engine ‘ih 401.8920 


5, boiler pressure wo. eon éoe 122.0000 lb. 
Right Eng. Left Eng. 


»» initial pressure ... ... 97.2721b. 99.812 lb. 
;» cut-off in parts of stroke -5066 5486 
+, terminal pressure «+ 42.547 Ib. 44.610 Ib. 
;» release in parts of stroke 8695 .8879 
», counter pressure at mid 

stroke .. ose . 2.1061b. 2.653 Ib. 

exhaust closure in parts 
of stroke éee ae 2736 .2160 


»»_ effective pressure «+» 63.4471b. 66.484 lb. 
Grade of expansion anieting 


clearance... oe 2424 1.961 
Distribution of the Loa <- . 

Indicated horse power oS hs 7 0.175 
Power absorbed by engine 

above all resistances... ha 33.384 
Gross load 258.574 
Extra friction due to load (. 05 

of gross load) 12.929 
Power cane in moving the 

train ... so 245.645 


Cost p the Power. 
Steam per hour to the en a 9424.60 
Piston displacement per 


to release ca cee ... 28,842.31 29,425.92 
Piston displacement per hour 

to exhaust closure ... 9075.49 7158.46 
Volume of clearance per hour 2520.98 2518.72 
Weight of steam accounted for 

to release per hour ... 4353.214 4588.809 


Weight of steam retained by 
cushion per hour... eve 497.909 426.874 
3855.305 4161.935 


‘Weight of steam by diagrams 8017.24 
ae Sa of steam accounted 
oes 85.068 
Ghee per indicated horse power 
per hour by boiler... 32.28 
Steam per indicated a power 
per hour by di 27.46 
Coal per indica’ a power 
per hour actual evaporation 4.2388 
Coal per indicated horse power 
SS asa es - Bo ae ia 
ve capacity “@f engines ; é 
economy” < ,, 1.0000 -9812 


Summary OF ENGINE PERFORMANCE. 
Hamilton to Twin Creek. 
July 28, 1878. 


Duration of run 43 con 42 min. 
Miles run bee oe it 15.869 
»» perhour ... 22.670 
Mean revolutions per minute .. 124.1799 
»» piston speed each engine 496.7160 
” jiler pressure .., * meas Eng. Toft Eng 
ig % ¥ 
»» initial pressure.. 106.653 107.538 
»» cut-off in parts of stroke 4928 -5370 





ed An e have in this summary and in the other Tables 
simply reprinted Mr. Hill’s figures; but we eannot help 
commenting upon his free use of decimals. All who know 
anything about engine trials will fully understand that no 
such accuracy as this use of decimal presupposes, is 


copied by 
exhibiting graphically t 
trial. The 





even approximately possible.—Eb. E. 


Mean terminal pressure we =. 43.204 46.773 
8853 


+»  Yelease in parts of stroke .8669 
»» counter <a at mid 


stroke... vk wi; 5.495 6.353 


» exhaust closure i in parts 


of stroke -2863 .2229 
effective pressure «. 62.545 65.812 


Grade of expansion, press nae 


clearance ee ie 2.183 2.004 


Distribution of the Load. 


Indicated horse power a = — 
Power absorbed by — above 

all resistances “a 41.262 
Gross load 327.396 
Extra friction due to load (. 05 

of gross load) ... 16.370 
Power expended in moving the 

train... 311.026 

Cost of ‘the Pouw. 

Steam per hour to the engines.. 2311.94 


Piston displacement ap hour to 


release... 85,541.03 36,261.85 


Piston displacement per ‘hour to 


exhaust closure BS. ... 11,737.62 9,129.98 
Volume of clearance per hour ... 3,115.80 3,113.00 


Weight of steam accounted for 


torelease per hour... 5,427.37 5,849.11 
Weight of steam retained by 
cushion per hour oo » 758.99 634.33 
Weight of steam by diagrams { 4, ea ggg 
ae a of steam accounted 
for 80.271 
Steam per - indicated horse power 
per hour by boiler. 33.396 
26.172 27.582 
‘ Steam per indicated horse power 
per hour by diagrams finee 26.877 
Coal per indicated horse power 
per hour by actual wip 
tion ... 7.083 
Coal per indicated horse power 
per hour 9 tol 3.711 


Relative capacity of engines . «» 9434 1.0000 
» economy A «. 1,0000 9489 


SuMMARY OF ENGINE PERFORMANCE. 
Twin Creek to Dayton. 


July was 1878. 
Duration of run - en 42.5 min. 
Miles run ose cas a si 16.267 
»» per hour ... va aid 22.965 


Mean revolutions per minute... eve ove 133.25 
pe tg speed each wee ove 533.00 
” 


oiler pressure ... on 123.00 
Right Eng. Left Eng. 
»> initial Pe ase Ne 105.209 105.743 
5» cut-off in parts of stroke .5142 .5437 
», terminal pressure 42. 199 45.180 
», Yeleasein parts of stroke 8558 .887 
», counter-pressure at mid- 
stroke .. 5.726 6.646 
», exhaust closure i in parts 
of stroke die 2935 2067 
effective pressure bi 62.394 64.005 


Grade of expansion including 


clearance... 2.092 1.797 
191.623 196.876 
388.502 


Distribution of the Load. 
Indicated horse power... 
Power absorbed by engine 


above all resistances 44.276 
Gross load ooo eee 344.226 
Extra — - to load ro 17.211 
Power expended in — e 

train ... eve 827.015 

Cost of the Power. 
Steam per hour to the en ag 12,415.09 


Piston displacement yes 


to release 37,648.70 39,003.18 


Piston displacement per hour 


to exhaust closure ... ew 12,911.60 9,084.89 
Volume of clearance per hour 3,343.41 3,340.33 


Weight of steam accounted for 


to release per hour ... «- 5,660.96 6,138.47 


Weight of steam retained by 


cushion per hovr ... 800.55 670.45 
4,860.41 5,468.02 


Weight of steam by diagrams *” 10,324.48 


Percentage of steam accoun' 

for ove oon 83.191 
Steam per indicated horse 

power per hour by boiler . 31.956 
Steam per indicated horse § 25.364 27.774 

pavecger neat. 26.569 


Coal per indicated horse power 
ad hour by actual gags 


te 5.359 
Coal p per indicated horse power 
Be base A ee ooo en tan 
ve capacit; en; Sees 
stead gine 1.0000 -9132 


economy 

In the ‘engraved diagrams ‘(eee page 503), which by the 

meng y Fellas ~ 9 Lacondire have been faithful 
this paper, 0 ve been ly 

‘ J. Snowden Bell, who reproduced the cards 

for the engraver, and have been selected with a view to 

he action of the engines under test 

ms have been worked together, and are 

cards of the same santos from both — 

The diagrams are produced in the ig order : 


TwIn = No. 1. 
om 


Cotati in fraction ‘of stroke 


ee er 


Mean effective ans” 


dicated horse power ... at 


Ouatt i in fraction « of stroke 
Release 


Terminal pressure 


Mean effective pressure... 


Indicated horse power ... es 
CINCINNATI, No. 24, 


aro 
Out aft in fraction ‘of stroke 
Rel 


Terminal pressure 


Mean effective pressure 1 


Indicated horse power . , 
Left. 


Cut-off in fraction of stroke 


Mean effective pressure... oi 
Indicated horse power jos 
| Crncrnwatt, No, 5. 

Right. 


ar] 
Cutoff i in "fraction of stroke 
Rel 


Mean effective pressure... 
Indicated horse power i 
Boiler pressure ... 
Initial ,, oa ode 
Cut-off in fraction of stroke 
Release - 

Fe = ag — 


Mean effective pressure... 


Indicated horse power . 
Conmnsiiniand: No. 6. 
Right. 


ao 
Cut-off in fraction of stroke 
Release 
Terminal pressure 
Counter — 
Mean effective pressure a 


Indicated horse power sas 


in fraction of stroke 
Terminal pressure 
Counter 
Mean effective pressure 
Indicated horse power 
omen. No. 14. 
Boiler pressure ore 
Initial ,, aba ie 
Cut-off in fraction of stroke 
Release __,, 
Terminal pressure 
Counter _,, 
Exhaust closure ... in 
Mean effective pressure... 
Indicated horse power i 





Ini 545 oli 
Cut-off in fraction of stroke 
Rel 


67.51 
149.083 


132. 
114.375 
4740 
8362 
43.375 
1.875 
3304 
70.407 


121.750 
-3880 


8448 
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METALS. 
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ANTIMONY O (wert = 
Regubue(utan) a & 
s. 





taon Ongs ton)— 
Red pemnnate, blast 

” ” 

1non Barrow fe Pn 

» 2 sed 


oven. i” wx te re 


Broomielaw 
Calder, at Port Dundas.. 5 
Glengarnock, at Ar. 
Rgiteton, ARO ..cecevrvveee § 
ditto 
Ditto, specially eneayae 
Shotts, at Leith ......... 


s' 
(The above all deliverable alongside). 


Shr 
Nor 


a 
Yorkshire Thornaby p pig 
No. 3 6 


Sr eet tre) 


eoooom CADAARCAa”™ goowwoo0d 


ion 7 
a 
cou? yy aoe? 


eor8 cocoos 


oO ooo 


PRICH 


[non, WRovugET — 
eland 


ou Foo 


euss 





oo * ceoees 





ceed 6 ft. 


8. K Hammer 
75 swages, 
60 above. 
75 


7° owt... 


LgaD (per ton)— 
Soft English 


PHOSPHOR BRONZE— 
(POT COD) ....cevernereerenere 
QUICKSILVER (per bottle) 


ScraP(per ton) - 
SPELTER (per ton)— 


ordinary 
ee (per — 
Best .. eee 
—_ (ver oa 


| $THEL CASTINGS 

Hydraulic cy 
the rough a to @x- 

in length, ~ 


pedo. ft finished... ose 
Pinions and cog-wheels... 
tups, 

5 cwt. 


sa " 


20 
Holders-up ‘for “riveting 
poe Se > e 





2 
bh 


Side cranks, cross heads, 
crane wheels, engine 


Tumbler bars and other 

castings for dredging 

Swapisn Irnon (F.o.b) at 
Gottenburg (per ton) 


a 
eooVN CuUuUan 


Try (per ton) — 
Straits. 


a 
SON OO SOY AOY Qanveuwm 





NO ANC AAS QuNwuN 
u“ueseoceoocou 


er on 


wie fenc 


cereuh (guivaniond) F 


COALS AND 
COALS (per ton)— 


oeoucounocoooceo 


OILs (per tun) — 
Engelbert’s lubricator . 
Seal, brown 
ai pale .. 


Whale, p pale 


7 
25 
PETROLBUM— 

Fine (per gallon) 
CoALoil,refined 
BaNGOON engine oil 
LINSEED oil 


faces, 
and 





yas 


OILS, GREASE, nate ati oS sg 


T OF MATHRIATLS. 
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St. Petersburg, ¥.O. 
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ABacecoo00009 
eemanccoae 
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WIPiNGs, engine (per cwt.) = 
CHEMICALS, 
AcIDS—~ 


‘ uafortis (per 1b.)...... 
phuric acid (per ib. ) > 

Sulbberts acid, brown.. ° 
AMMONIA — Muriate (per £ 

ton) 
ARBSENIO— 

White, lump (per cwt.) ... 

Powdered (per cwt.) ...... 
BLEACHING powder per cwt. 
Borax—refined (per cwt.) 
BRIMSTONE (per ton)— 

Rough 


CoS F000 o Pm ooeo ace 


& 
° 


ae 
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8. 
23 
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20055 Pow Anko plNe 
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° 


CopPERAS —, 

COPPER — suiphats (per 

8. ewt.) ... 2 

—- >, SALTS, ke. (per owt. 
te, best 


“ 
oPoneR® moo mec Mo wl Onn 


u 
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23 
_ 
White . 

LITHARGE (percwt.) . < 

Porasu—Diebromete “(per 


eoocno 
- 
eooneo 


aesococ0no 


-~? 


wn 
oe 


pn = 
ed rte. te 


oe 


Io 
£3 





eoAMareg0000000n # 
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eo Aa @ 
v-oaon w 
“Mando 


Crystals (per ton) = 
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Terminal pressure 
Counter ” 

Exhaust closure ... : 
Mean effective pressure 
Revolutions 
Indicated 


horse power s 


37.250 


CINCINNATI, No. 35. 


Boiler pressure ... 


Right. 


SERS een, cen, Ys 
Cut-off in fraction of stroke ... 


Release 
oy pressure 
Exhaust closure 


Mean effective pressure 


Initial 
Terminal presssure 2 


Counter 
Exhaust closure .. 


aame = pressure... 


ee ws aye 


Cut-off in fraction « of stroke 
Release 


will be apparent to engineers familiar 
the indicator; at the same time it should be re- 


of valves, as in the 


from which these 


mtirely by the marks 


engmne ; as it is, a 


slide valve, operated by a pair of eccentrics and a 





ing link, performed all the functions of lead, port-opening, 
cut-off, release and exhaust closure. 

The "diagrams are worthy of study and emulation by 
builders of fixed cut-off engines; for the locomotive is 
simply a fixed cut-off engine, variable by hand. But so 
long as fixed cut-off engines are controlles i in speed by the 
present system of governor which, as it were, throttles the 
engine in the act of respiration, but little improvement can 
be expected in the realised effect of valve motion. 

The ordinary throttling governor is a nuisance that 
should not be tolerated = hy pe steam engine builders, 
for in the best form it ro the steam of 20 per cent. of its 
vis viva in yg regulation, and the high relative 
economy standard automatic cut-off engine is 
pemoys due to re steam at or near the boiler pres- 
sure and oes off the qaaily required to overcome the 
resistance, ins' of wire drawing the steam until the 
—_ ure is equivalent to the resistance per square 
ine! 


in the locomotive engine whilst the communication 

% 2. the steam dome and cylinder is not as free with 

early points of cut-off as in the automatic engine, the wire 

drawing is very much less than in throttling engines ; and if 
a valve ap dhe maar for locomotives which will produce 

Bien fac eounl ital pedibines ani grades of expansion 

‘or equal initial pressures an es of expansion 

ire economy of the locomotive and automatic (size 

peed of piston considered) would ap- 


For a given speed, given load, and given condition of 
the rena in e 


is rep pF secre Tove pres- 
ia josh of piece ire 


sure Gesting’ the 
per strokes, with te enent an ie: 


number 

sistance ; and a nearer ap costondtte a the 

initial pressure in the e oylinder to that of the boiler, reduced 

friction in the port cpraing © the steam flows in, steam 

declining lt to the pin of cut-off, othe soya 
grade of expansion, Lage’ 6 improve the economy 

‘ormance of the locomotive without im its effi- 
otherwise. It is do all this without ma- 

altering the valve gear. 


THE END OF THE TWENTY-NINTH VOLUME. 





Water Suppty.—M. A. Picard » eotaioar and Chef of 
the Cabinet du Ministre of Poni Works in Paris, who 
was at the head of the most important works of the 
Eastern and Marne-Rhine Canals, has just finished an im- 
?_ work we will be Popo in a few weeks by 

Rothschild, book will be of special 
interest, as the Pa Rainy ~ treats in full detail the important 
per Sa of water supply, pumping engines, cost of 
wor C. 


Tue INsTITUTION oF Crv1n JENGINEERS.—A new list 
of members has just been issued, from which it appears 
that there are now on the books 1317 members, 1299 asso- 
ciate members, 579 associates, 1 ry members, and 
657 students, ther 3770 of all classes. At the 
period last year the numbers of the several classes were 
1148, 1200, 622, 17, and 591, making a total of 3578 show- 

ing an increase ‘at the rate of nearly 5}.per cent. During 
the past —— the elections have 2 honorary 
129 associate members, and 15 asso- 

ciates ; nd 160 students have been i 





Dzatu or CapTaIn CADELL.—The death is announced 
of vo gery Cadell, one of the first to demonstrate the practi- 
— of navigating the Mares Marray. In 1851 Uaptain Cadell 

at Swan bed Murray, in a frail 

oor ap constructed of canvas and barrel hoops, and oe ag oer 

beyond Lake Victoria, a distance of 1500 00 mation. T 
roved to South Australia the 


Pa mel upon waters of this 
Captain Start whe its unknown 
as 1830. But Captain 

the successful pioneer 


as ear! 
ledged to have 
river. 
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